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DOCKET 50-255

LICENSE No. DPR-20

LICENSE AMENDMENT REQUEST: INCREASE RATED THERMAL POWER -
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

(TAC NO. MB9469)

By letter dated June 3, 2003, Nuclear Management Company, LLC (NMC), requested
Nuclear Regulatory Commission (NRC) review and approval of a license amendment
for the Palisades Nuclear Plant. NMC proposed to revise Appendix A, Technical
Specifications, to increase rated thermal power by 1.4% from 2530 megawatts thermal
(MW1t) to 2565.4 MWi.

On September 10, 2003, the NRC issued a request for additional information (RAI)
regarding the above license amendment request. Attached is NMC's response to the
RAL

This letter contains the following new commitments and no revisions to existing
commitments:

¢ NMC will revise plant procedures to address operation with the plant process
computer (PPC) feedwater flow indication or a PPC feedwater temperature
indication out of service prior to implementation of the proposed power
uprate.

¢ NMC will revise plant procedures to include at least 0.1% power
conservatism when the UFM correction factors are established for use in the
plant heat balance calculation prior to implementation of the proposed power
uprate.
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| declare under penalty of perjury that the foregoing is true and accurate. Executed on
October 6, 2003.

e

Dar;iel J. Malone
Site Vice-President, Palisades Nuclear Plant

CC Regional Administrator, USNRC, Region lll

Project Manager, Palisades Nuclear Plant, USNRC, NRR
NRC Resident Inspector — Palisades Nuclear Plant
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LICENSE AMENDMENT REQUEST: INCREASE RATED THERMAL POWER -
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

NUCLEAR REGULATORY COMMISSION (NRC) REQUEST - INTRODUCTION

By application dated June 3, 2003, the Nuclear Management Company, LLC (NMC),
submitted a request to increase rated thermal power by 1.4 percent from

2530 megawatts thermal to 2565.4 megawalts thermal. This power level increase is
considered a measurement uncertainty recapture (MUR) power uprate. Please provide
the following additional information:

NRC REQUEST

1. Most power uprate applications use instrument uncertainties in terms of
percent power from the plant data or provided by the instrument vendor
for each parameter affecting power calorimetric, and combine those
uncertainties using the square root sum of squares methodology to
calculate total power measurement uncertainty. This calculated power
measurement uncertainty was subtracted from the 2 percent (required by
10 CFR Part 50, Appendix K) to determine the proposed power uprate.
For the proposed power uprate, NMC assumed measured values of
various parameters, including feedwater flow. These assumed values
from References 9.5, 9.6, and 9.10 were used to calculate power
calorimetric uncertainty as per Attachment 1, “Uncertainty Calculation for
the Secondary Calorimetric Heat Balance, EA-ELEC08-0001, Revision 1,”
to Enclosure 4 of the application. Enclosure 4 states that Crossflow
system implementing procedures ensure the assumptions and
requirements of the uncertainty calculation remain valid.

Please provide References 9.5, 9.6, and 9.10 for staff review. What is the
plant-specific ultrasonic flow measurement (UFM) system measurement
uncertainty for the assumed 11,357,000 Ibm/hr feedwater flow with the
assumption in Section 4.2.2 of Attachment 1, and how was it determined?

NUCLEAR MANAGEMENT COMPANY, LLC (NMC) RESPONSE

Attachment 1 to the June 3, 2003, application provided a calculation of the
uncertainties associated with the secondary heat balance. Several plant
instrument loops provide input to the plant process computer wherein the
secondary heat balance calculation is performed. Many of these
instrument loops are used in other applications and as such, instrument
loop error analyses are contained within other engineering analyses. In
order to not have the same calculation appear in multiple calculation
packages, the errors associated with these loops were obtained from the
existing calculation and referenced as input to the secondary heat
balance calculation. To aid in the NRC staff’s review of the secondary
heat balance calculation, the requested references are provided as
Attachments 2, 3, and 4 of this submittal.
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LICENSE AMENDMENT REQUEST: INCREASE RATED THERMAL POWER —

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

The error associated with the UFM calculated feedwater flow is 0.44%.
This value was determined on the as-built UFM installed at Palisades
Nuclear Plant using the methodology described in section 5 of Topical
Report CENPD-397-P-A Revision 1, “Improved Flow Measurement
Accuracy Using CrossFlow Technology.” This error is further combined
with errors associated with feedwater flow differential pressure (from the
fiow venturi) and feedwater temperature instrument loops to determine a
total feedwater flow error. This total error is then used in the secondary
heat balance error analysis as described in Section 3.2.3 of Attachment 1
to the June 3, 2003, application. Calculation of the total feedwater flow
error using the UFM is included in Attachment 3 of this submittal.

NRC REQUEST

2.

Section 8 of Attachment 1 states that the calorimetric calculations used
the plant process computer (PPC) point indications of feedwater flow and
temperature. However, it also states that the control room indications of
feedwater flow and temperature with larger uncertainties than the PPC
point indications, may also be used in the power calorimetric. Identify the
affect of using control room indication, instead of PPC point indication, on
power calorimetric results used for the proposed power uprate.

NMC RESPONSE

In the event that the PPC feedwater flow indication or a PPC feedwater
temperature indication is out of service, then a manual heat balance
calculation would be required. The larger uncertainties associated with
any of these conditions will require a 100% thermal power value of

2530 megawatts thermal (MWH) in the power calorimetric. NMC will revise
plant procedures to address operation with the PPC feedwater flow
indication or a PPC feedwater temperature indication out of service prior
to implementation of the proposed power uprate.

NRC REQUEST

3.

In Section 7 of Attachment 1, the UFM corrected total calorimetric
uncertainty is listed as “=+0.49 % Power —0.55% Power” and that for the
uncorrected feedwater flow (venturi measurement) is listed as “=+1.13%
Power —1.21% Power.” Confirm that it respectively means +0.49% or
-0.55% power and +1.13% or —1.21% power; otherwise explain.



LICENSE AMENDMENT REQUEST: INCREASE RATED THERMAL POWER -

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

NMC RESPONSE

The correct interpretation of the conclusion of Attachment 1 is that when
UFM corrected indicated power is 100% of rated thermal power, true
power (P) is 99.45% < P < 100.49%. Using uncorrected feedwater flow,
when indicated power is 100% of rated thermal power,

Pis 98.79% <P < 101.13%.

NRC REQUEST

4.

item 1.G of Regulatory Issue Summary 2002-03 requires all licensees
requesting an MUR power uprate to provide the basis for the proposed
allowed outage time (AOT) for the UFM. Most applicants for power
uprates propose AOTs ranging from 24 to 72 hours and quantify the
maximum error in core power measurement due to venturi measurements
during the AOT. NMC has proposed a 31-day AOT with an additional
25-percent grace period on the basis that this is currently specified in
Palisades’ procedures. Provide justification that the proposed AOT is not
excessive and will only cause an acceptable error in core power
measurement.

NMC RESPONSE

The term “allowed outage time” that is specified in NRC Regulatory Issue
Summary (RIS) 2002-03, “Guidance on the Content of Measurement
Uncertainty Recapture Power Uprate Applications,” does not appropriately
characterize the application of the Crossflow UFM system at the
Palisades Nuclear Plant. This term is more appropriately used for plants
that have a UFM system directly connected to their process computer.
NMC included this term in the June 3, 2003, submittal to correspond to
the requested information in RIS 2003-03.

The Crossflow UFM system at Palisades is not connected to the PPC. It
is used as an offiine calibration tool to calibrate the venturi feedwater fiow
indication on a monthly interval. Each month the ratio of UFM feedwater
flow to venturi flow is determined. From this ratio, a conservative “UFM
correction factor” is established that is manually input into the PPC to
adjust the venturi feedwater flow measurement to the correct value. Also,
a drift component of the feedwater flow transmitter is included in the
uncertainty analysis included as Attachment 3 to this submittal. The
procedure for completing the evaluation is treated like a technical
specification (TS) surveillance and, therefore, includes a 25% grace
period.
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UFM correction factors have been in-use at Palisades Nuclear Plant since
1997. The original surveillance frequency was bi-weekly. After 3 1/2
years of operating experience, the surveillance period was increased from
bi-weekly to monthly beginning with cycle 16 in May 2001. Since May
2001 there has been two instances where the calculated UFM correction
factor was non-conservative with respect to the amount of correction
applied in the heat balance calculation. The amount of non-conservatism
in both cases was approximately 0.01% power (0.25 MWt). Neither case
resulted in a violation of the licensed power level for the Palisades
Nuclear Plant. From February 2002 to January 2003, the average
calculated UFM correction factor change was approximately 0.05% power
per month. In the two cases described above, the amount of
conservatism (difference between the calculated correction and the value
applied in the heat balance calculation) in the applied UFM correction
factor was approximately 0.07% power. This was less than the 0.1%
power conservatism typically applied by NMC to account for data scatter
that can be seen in the UFM calculation from month to month. Since the
second instance of being slightly non-conservative, at least 0.1% power
conservatism has been included in determining the UFM correction
factors that are applied to the heat balance calculation. NMC will revise
plant procedures to include at least 0.1% power conservatism when the
UFM correction factors are established for use in the plant heat balance
calculation prior to implementation of the proposed power uprate.

Administrative controls exist to provide assurance that only acceptable
errors in core power measurement occur between performances of the
formal surveillance. For example, if the plant would be required to reduce
power below 95%, procedural guidance is provided to remove the UFM
correction factors from service. Once power is restored to near 100%
then the UFM correction factors are recalculated to ensure that no
changes have occurred due to the plant transient. In addition, Hl and LO
steam fiow alarms on the PPC monitor for unanticipated changes in
steady state reactor power between performances of the formal
surveillance. These indications are provided on each steam generator
and provide continuous monitoring of steam flow. The steam flow alarm
setpoints are determined during the monthly determination of the UFM
correction factors. Plant procedures describe actions required in
response to Hi or LO alarms or PPC inoperability. For example, if a Hi
steam flow alarm actuates and the cause is not known (i.e., not an
instrument failure, etc.), plant power is reduced to the point where UFM
correction factors may be removed from service. Also, if the PPC
becomes inoperable and the continuous monitoring feature is lost, then
daily verifications of the UFM feedwater flow is performed to verify no
significant changes have occurred and that the UFM correction factors are
still applicable. In general, if at any time a required UFM correction factor
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verification cannot be performed when required by procedure, then power
would be reduced and the UFM correction factors would be removed from

service.
NRC REQUEST
5. Provide, in detail, the effect of the proposed power uprate on the

environmental qualification of electrical equipment.
NMC RESPONSE

The proposed power uprate has no effect on the Palisades Nuclear Plant
environmental qualification (EQ) program. The EQ evaluation parameters
assume reactor power of at least 2580.6 MW, 102% of the current rated
thermal power of 2530 MWt. Therefore, the programs, activities,
elements, and philosophy that are currently in place are not affected by
the proposed 1.4% power uprate. No physical change to the facility is
necessary; therefore, no equipment reviews are required.

NRC REQUEST

6. Provide details about the grid stability analysis, including assumptions,
results, and conclusions for the proposed power uprate condition.

NMC RESPONSE

The purpose of the grid stability analysis is to document the Palisades
Nuclear Plant licensing basis concerning plant stability and the reliability
of offsite power. The analysis reflects the near term system conditions
including scheduled system additions following completion of several
major new power plants connected to the Michigan Electric Transmission
Company (METC) system. New generation includes the Covert
Generating Station, approximately one mile east of the Palisades Nuclear
Plant, which is connected to the Palisades Nuclear Plant Substation. The
study also includes the Zeeland Power Plant (connected to the 345kV
transmission line between the Palisades and Tallmadge stations), the
Jackson Power Plant, and the Renaissance Power Plant.

The analysis was performed using a power flow computer simulation of
the Consumers Energy operating system including interconnections to
other utilities. The computer simulation contains detailed models
representing the Consumers Energy 46kV and higher voltage systems,
the International Transmission Company (ITC), Detroit Edison (DECO)
high voltage transmission system, and other East Central Area Reliability
(ECAR) Council member full transmission representations or

5
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equivalents. The study was based on both peak load and 80% peak load
cases. The analysis covered the range of expected power imports into
the METC from 4000 to 6000 MW.

Two specific offsite power supply criteria analyzed in the study to which
Palisades was originally licensed are:

A. The sudden loss of the Palisades Nuclear Plant electrical output will
not result in instability of the offsite power system.

B. A sudden 1000 MW drop of system load will not adversely affect the
Palisades Nuclear Plant or the connected electric system.

The stability of the Palisades offsite power system was evaluated for the
following situations:

¢ METC's Planning Criteria Disturbances (Includes various phase-to-
ground faults in the switchyard)

e Sudden Loss of 1000 MW of Load

¢ Sudden Loss of the Palisades Generating Unit

The analysis resulted in the following conclusions:

¢ The Palisades Nuclear Plant and the offsite power system connected
to Palisades Substation are stable for:

o A three phase-to-ground fault, anywhere in the system, which
will be cleared by primary relays and all transmission in-service
before the disturbance.

o A three phase-to-ground fault, anywhere in the system, which
will be cleared by primary relays with the most critical element
out of service before the disturbance.

o A two phase-to-ground fault with subsequent breaker failure,
anywhere in the system, with all transmission in service before
the fault.

o Inadvertent tripping of three Ludington units in the pumping
mode, representing a 1020 MW of sudden load drop, or for
sudden loss of 1000 MW of area load.

¢ The offsite power system connected to Palisades Substation is stable
for inadvertent tripping of the Palisades or Covert Plant units.

6
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The Covert Generating Station is rated at 1185 MWe and is connected to
the Palisades Substation. Since the Covert Generating Station’s output
exceeds Palisades output, the transient resulting from the Covert Station
tripping offline bounds the transient that would result from Palisades
tripping even for Palisades power levels above the proposed power

uprate.
NRC REQUEST
7. Provide, in detail, the effect of the proposed power uprate on the station

blackout coping capability.
NMC RESPONSE

The evaluation of a station blackout event for the Palisades Nuclear Plant
was performed in accordance with the requirements of Regulatory Guide
1.155, “Station Blackout.” This evaluation determined an acceptable
station blackout duration for Palisades of 4 hours. This 4-hour coping
duration was based on the reliability and configuration of the off-site
power system and the reliability of the diesel generators. To provide
assurance that the plant could cope with a station blackout of 4 hours
duration, several factors were considered. These areas included the
following:

Condensate Inventory
Class 1E Battery Capacity
Compressed Air

Effects of Loss of Ventilation
Containment Isolation
Reactor Vessel Inventory

NMC has determined that the only factor potentially affected by the
proposed power uprate is the condensate inventory required to provide
decay heat removal for the 4-hour duration.

The station blackout analysis was approved in a letter from B. Holian
(NRC) to G.B. Slade (CPCo), “Palisades Plant Station Blackout Analysis;
Safety Evaluation (TAC No. 68578),” dated May 20, 1991. In that safety
evaluation, the NRC calculated the minimum condensate inventory based
on a power level of 102% of 2530 MWt (2580.6 MWt). This minimum
inventory was determined to be 57,100 gallons. Palisades TS require
maintaining an inventory of 100,000 gallons. Therefore, the proposed
power uprate has no effect on the station blackout coping capability.

7



LICENSE AMENDMENT REQUEST: INCREASE RATED THERMAL POWER —~

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

NRC REQUEST

8. Provide, in detail, the existing ratings and the effect of the proposed

power uprate on the following equipment:

main generator
isophase bus

start-up transformer

NMC RESPONSE

main power transformer

station power transformer

The table below provides the requested information. Note that the
proposed power uprate has minimal impact on the electrical equipment at
the plant. Following the 1.4% proposed power uprate, the plant output will
remain well below the design rating of the main generator. The major
effect will be a slight reduction in the capability to provide volt-amps
reactive (VARs). The proposed power uprate has virtually no impact on
the isophase bus, main transformer and startup/station power

transformers.

Electrical Equipment Information

Design Current Anticipated
Equipment' Ratin Value Valus
quip g (1.4% Uprate)
955 MVA 823 MWe* 834.5 MWe*®
Main Generator 0.85 2cflvle(e\r/factor 2 2K
0P PF) 0.86 PF 0.87 PF
Isophase Bus 26,400 amp 25,062’ 25,062°
Main Transformer 975 MVA 955 MVA?® 955 MVA®
12.6 MVA 11.6 MVA 11.6 MVA
Station Power* Transformer 1-1
12.6 MVA 11.7 MVA 11.7 MVA
Station Power Transformer 1-2 8.96 MVA 8.4 MVA 8.4 MVA
. A 12.6 MVA 10.0 MVA 10.0 MVA
Station Power” Transformer 1-3 12.6 MVA 10.0 MVA 10.0 MVA
12.6 MVA 12.2 MVA 12.2 MVA
Startup Transformer 1-1 12.6 MVA 100MVA | 10.0 MVA
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Design Current An:;:llﬂaeted
. 1 -
Equipment Rating Value (1.4% Uprate)
Startup Transformer* 1-2 10.6 MVA 6.9 MVA 6.9 MVA
. 12.6 MVA 11.9 MVA 11.9 MVA
Startup Transformer” 1-3 12.6 MVA 100MVA | 10.0 MVA
Safeguards Transformer 10.5 MVA 9.0 MVA 9.0 MVA

Notes:1. Equipment ratings based on 65°C temperature rise.
2. MWe output based on the yearly average East Central Area Reliability
(ECAR) Council rating and includes 38 MWe house loads.
3. The maximum rating of the isophase bus and main transformer exceed
the design output rating of the main generator.
4. These transformers have dual secondary outputs.

NRC REQUEST

9. Upon reviewing large-break loss-of-coolant accident [LOCA] models for
power uprates, the Nuclear Regulatory Commission (NRC) recently found
plants that require changes to their operating procedures because of
inadequate hot leg switch-over times and boron precipitation modeling.
Discuss how NMC'’s analyses account for boric acid buildup during long-
term core cooling and discuss how your predicted time to initiate hot leg
injection corresponds to the times in Palisades’ operating procedures.

NMC RESPONSE

The Palisades long-term cooling (LTC) analysis (hot leg switch-over times
and boron precipitation modeling) was performed by Combustion
Engineering using the NRC approved methods described in
CENPD-254-P-A, “Post-LOCA Long Term Cooling Evaluation Model.”
Palisades plant specific analysis (P-CE-5627 dated May 8, 1981) was
sent to Dennis Crutchfield, NRC, on October 9, 1981. Conservative plant
operating parameters that increased core boron concentration and a core
power level of 102% of 2530 MWt were used in the analysis.

In evaluating the LTC performance for the large break LOCA, the limiting
break with respect to long-term boric acid accumulation in the reactor
vessel is the double-ended break in the reactor coolant pump discharge
leg. This break is most limiting because it has the smallest margin
between the calculated maximum boric acid concentration and the
associated precipitation limit of 32 wt% (solubility at 228 °F which is the
saturation temperature at 20 psia). Core flushing flow provided by the

9
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simultaneous hot side and cold side injection from a high pressure safety
injection pump reduces the boric acid accumulation. The analysis
maximizes the core boric acid concentration by assuming that only steam
leaves the core. Sensible heat removal due to liquid flush when it occurs
is always neglected. Charging pump flow from the boric acid storage tank
(BAST) is deposited in the vessel before any consideration is given to
other sources of boric acid. Also, the initial boric acid concentration in the
vessel for large breaks is conservatively assumed to be equal to the
safety injection tanks (SIT) or safety injection and refueling water (SIRW)
tank concentration, whichever is higher.

The current administrative limit for the concentrated boric acid storage
tanks is 8 wt% (13,987 ppm), which is less than the 12 wt% (20980 ppm)
assumed in the LTC analysis. This higher value for boron injection into
the vessel offsets the current higher TS limits for boron concentrations in
the SIRW tank and the SIT tanks of 2500 ppm. The value used in the
LTC analysis for SIRW and SIT tanks was 1.13% (1975 ppm). Since core
boil-off is first replaced by charging pump flow from the BAST and then
from the safety injection flow from the SIRW tank, the LTC results bound
current Plant operation.

The results from the analysis concluded that there should be
approximately 50/50 split between the hot leg and the cold leg injection
paths and that the switch to long term cooling should occur between 5.5
and 6.5 hours. The initiation of hot and cold side injection between 5.5
and 6.5 hours post-LOCA is after any potential for hot leg entrainment has
been terminated and more than 22 hours prior to the time which boric acid
precipitation is predicted to occur if no core flushing flow is provided. The
flow split is verified by a plant surveillance procedure. The LTC start time
is controlled by plant Emergency Operating Procedures (EOPs).

The plant operating parameters used in the LTC analysis are equivalent
with the expected Plant operating parameters following the proposed
MUR power uprate. The analysis methodology maximizes the boric acid
concentration in the core for the limiting cold leg break. The plant
surveillance procedures and the EOPs are consistent with the LTC
analysis. Therefore, the current LTC analysis remains valid for the
proposed MUR power uprate.

10
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NRC REQUEST

10. In the June 3, 2003, application, NMC indicates that all the accident and
transient analyses of record remain bounding for the proposed power
level. However, the NRC staff notes that when calculating departure from
nucleate boiling (DNB), licensees typically use nominal power levels.
These power levels typically do not bound the MUR uprated power
levels. Provide the core power levels and the power uncertainties used in
NMC'’s DNB analyses and explain why these input values bound the
proposed power uprate.

NMC RESPONSE

Statistical minimum departure from nucleate boiling ratio analyses were
performed for the current operating cycle (cycle 17) transient analyses at
a nominal power level of 2565.4 MWt with a power uncertainty of

2580.6 MWt — 2565.4 MWt = 15.2 MW, which is 0.6% of 25630 MW, in
accordance with the currently approved methodology.

NRC REQUEST

11. As stated on page 15 of Enclosure 4, axial and circumferential outside
diameter stress-corrosion cracking (ODSCC) at the hot leg top of
tubesheet are two of the six active damage mechanisms that have been
identified in the steam generator tubing at Palisades.

On page 16 of Enclosure 4, NMC indicates that ODSCC at the top of the
tubesheet has the greatest potential to be affected by the slight increase
in T, (which will occur due to the power uprate). However, the NMC
concludes that the onset of this damage mechanism will not occur until
after the end of the license.

The information on these two pages confiicts. Please discuss the
discrepancy and clarify whether ODSCC at the top of the tubesheet has
been identified in the Palisades steam generator tubing, and what the
impact of the proposed power uprate will have on this damage
mechanism.

NMC RESPONSE
NMC acknowledges the discrepancy, which was not identified during the

submittal review and approval process. This condition has been entered
into the site corrective action process.

11
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The following statements on page 16 of Enclosure 4 of the June 3, 2003,
application no longer apply:

“A curve developed by the Electric Power Research Institute (EPRI), in
conjunction with the 1999 refueling outage, predicts that the onset of this
damage mechanism will not occur until after the end of the license. Since
the T, value used in constructing the curve is the same T, value
expected at proposed uprated conditions, the proposed uprate would not
change this conclusion.”

The following discussion replaces the statements above:

During the 2003 refueling outage, circumferential ODSCC at the hot leg
top of the tubesheet and axial primary water stress corrosion cracking
(PWSCC) within the expanded tubesheet region were identified as new
active damage mechanisms. These new active damage mechanisms, as
well as axial ODSCC at the hot leg top of the tubesheet, are affected by
time and temperature, but not by an increase in secondary side steam
flow. T,, at Palisades of 582.7°F is low for Alloy 600 tubing per existing
industry experience, and a 0.3°F increase is expected to have a negligible
effect on these new active damage mechanisms. The greatest effect will
be seen on mechanical tube wear.

12
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Cooomen . PALISADES NUCLEAR PLANT
. Powes ANALYSIS CONTINUATION SHEET Sheet 2 Rev# 2
POWERING *
MUICIEAN'S PROGRESS ;
Reference, 1
Comments

1.0 OBJECTIVE
The purpose of this EA is to analyze and document various Heat-Balance input and calculation
uncertainties that are necessary for an overall Heat-Balance uncertainty calculation. The scope of this EA g
includes the following only: :
PPC contribution to Feedwater Flow and Temperature instrument uncertainties
Primary Coolant pump mstrument uncertainties relative to Heat Balance
PPC Computational Accuracy as it relates to Heat-Balance
Steam Gen Pressure as it relates to the Heat-Balance.
Steam Generator Bottom Blowdown Flow instrument uncertainties as a function of Heat-Balance
Letdown and Charging Flow instrument uncertainties as it relates to the Heat-Balance
Letdown temperature instrument uncertainty relative to the Heat-Balance
Pressurizer Heater instrument uncertainties relative to PPC input and Heat Balance
Charging line temperature instrument uncertainty relative to the Heat-Balance

g T

The inaccuracies analyzed are relative to perfoiming a Heat-balance via Palisades Plant Computer (PPC) j
system inputs or by manually reading instrument indicator. The overall Heat-Balance uncertainty l
Calculation is not within the scope of this EA.

The major contribution to the Heat balance is from Feedwater flow which is analyzed in the TSSP Basis
document RI-24 and is not within tae scope of the EA.

2.0 REFERENCES
1 Ven. Man., M1-PA sh 1558, DALCAL tech. Manual
2 Ven. Man., M1-PA sh 1557, Universal Analog Input card set Tech. Manual,
3 Ven. Man., M1-PA sh 1553, G2 Controller User Manual
5 E-2 sh 3. Generator and 4160 volt system
6  AE Buyers Guide, Instrumc.-t Transformers
7 NUREG/CR-3659, ...Model for assessing the uncertainties of Instrumentation .. For Power...
8 Tech. Spec. Surv. Proc. RI-5, Steam Gen. Pressure Channel Calibrations
9  Tech. Spec. Surv. Proc. RI-2, Primary System Temperature Calibrations
10 Ven. Man., M-1HK-2, Instruction Manual for Rosemount 1151 transmitter
11 Ven. Man., M-206-205, Instruction Manual for Rosemount 3051 transmitter
12 Calsheet Database for Installed Plant Equipment (IPI)
13  DEC Fortran User Manual, P/N AA-PUYPA-TE
14 Directrol Multiplexor, Tech. Info. Publication, Analog Input Module
15 MI-W sh 3-6, CFM Electrical Bill of Material
16 E-3 sh 1, 2400 volt system
17 ISA-RP67.04-Part II -1994, Methodology for the Determination of Setpoints ...Instrumentation
18  Square D catalog, CLE-20000 series transducers
19  ASME report, Fluid Meters, Their Theory and Application, sixth edition, 1971.
20 Burns Engineering Inc., Resistance Thermometers for all Environments
21 'WO2441615¢ calibration sheets associated with PPAC PCSO011

3.0 ATTACHMENTS
None
40 ANALYSIS INPUT
All References and Attachments provide analysis input into this Engineering Analysis.
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5.0 ASSUMPTIONS

Vendor instrument Specifications are two sigma values. Ref7
6.0 ANALYSIS
6.1 Instrument Uncertainty and Calibration Methodology

Palisades typically performs loop calibrations and does not calibrate each loop component individually.
Limits are established for As-Founds as part of this calibration prograra. These As-found limits are
conservatively set in relation to the as-left calibration tolerance to account for instrument drift and
reference accuracy. The As-founds historically have been shown to bound the drift and other related
inaccuracies associated with instrument loop calibrations. Therefore, As-found limits have been shown to
conservatively bound the overall accuracy of a loop with the exception of temperature and pressure
related factors. For instrument loops having As-found calibration data. the limits of the As-found’s is
used as the loop inaccuracy. Other uncertainties due to environmental or other effects are added to the
As-found inaccuracy where required.

This EA may need to be re-evaluated or revised if configuration of analyzed instruments/loops is
modified.

Other errors considered in addition to As-found limits are sensor accuracy (e.g. RTDs and flow elements).
and M&TE accuracies.

Uncertainty calculations will be performed following methods of ISA standard RP67-04 and NUREG/CR-
3659. The most applicable aspect of these standards is the use of the Square Root Sum of the Squares
(SRSS) method of determining the total uncertainty of independent random uncertainties. Another is the
method for determining the error associated with a flow related transfer function.

Where applicable, analog meters are assumed to be readable to ¥; of the smallest division. This is a
general convention at Palisades.

Where calibration or Vendor documentation is unavailable, typical error values will be used. These
typical errors will be multiplied by at least a factor of 2. This should be conservative enough to cover
unknown factors or less than perfect configurations. As there is a relatively small number of unknown
instrument errors and these instrument make a relatively small contribution to the heat-balance, these
estimations cannot have any significant impact on the total heat-balance uncertainty.

Per ISA-RP67.04, independent instrument uncertainties which are less than 1/5 of the largest error are
insignificant and therefore do not need to be accounted for in SRSS error calculaticns.

Power supply voltage effects are typically very small (on order of 0.002% of span per volt deviation).
This almost always works out to iess than 1/5 of the largest error and therefore does not need to be
accounted for in SRSS error calculations

Plant computer A/D Temperature effects are negligible and will not be addressed in individual instrument
uncertainties. 3 of the 4 PPC multiplexors are located in the coatrol room which maintains a near constant
temperature. Three of four multiplexors including the one multiplexor outside the control room are
temperature effect limited by their DALCAL reference card which has a maximum temperature
coefficient of +10ppm/°C or .001%,,,./°C. This effect is too small to be significant for any instrument
uncertainty calculation.

ref 7,17

ref7

ref 7

see 6.2
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Plant computer Dead-band effects are negligible and will not be addressed in individual instrument
uncertainties. Only the G2vx based multiplexors uses an input dead-band to limit data traffic. This desd-
band is set to one bit for all points. One bit in 2" is equal to 0.006%. This value is to> small to be of any
significance.

Note: This calculation is for input to Basis document Ri-24 instrument uncertainty calculations. This
should not be considered a completed calculation of instrument uncertainty.

Flow transmitter inputs:

The Transmitters are FT-0701 and FT-0703. The corresponding PPC inputs are FT_0701_D_AVG and
FT_0703_D_AVG respectively. The engineering range for these inputs is 0 to 213.9 and 0 to 219.5 inches
respectively. These are input to a Computer Products Based data acquisition system. The Analog to Digital
converter along with 2 online calibration loop-back feature (DALCAL) provides an accuracy of 0.01% of the
input card full scale range. Temperature effect is insignificant per section 6.1. Drift is less than 0.01% of full
scale per year. Adjusting this accuracy to account for the portion of the analog card’s full scale range occupied
by the Flow transmitter’s range, gives 0.025% for accuracy and 0.025% per year for drift limit. Adjusting the
drift for a 18 month calibration cycle gives 0.038%. The sense resistor utilized by the PPC for these
instruments has an accuracy of 0.25% or better.

= JAID2 +4/D? +Sense Resistor?
ace drsft acc

= /.025%+.038%+.257

= .25%
Note: Uncertainty error = % .55 inches
associated with the =+ 3x10° PPH @ 430°F
Square Root transfer
function and flow
element are addressed in the Flow error analysis of Basis document RI-24

PPC ooy ttws ow =

Temperature Transmitters inputs:

The transmitters are TT-0706A and TT-0708A. The calibrated range is 0 to 500 °F. The corresponding PPC
inputs are TT_0706A_AVG and TT_0708A_AVG respectively. These are input to a Computer Products Based
data acquisition system. The Analog to Digital converter along with a online calibration loop-back feature
(DALCAL) provides an accuracy of 0.01% of the input card full scale range. Temperature eftect is
insignificant per section 6.1. Drift is less than 0.01% of full scale per year. Adjusting this accuracy to account
for the portion of the analog’s card full scale range occupied by the Temperature transmitter’s range, gives

0.02% for accuracy and 0.02% for drift limit. Adjusting the drift for a 18 month calibration cycle gives 0.03%.

The sense resistor utilized by the PPC for these instruments has an accuracy of 0.25% or better.

ref 1.2.3

ref 15

ref 1,2,3
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PPC o curaey fdwtr temp = @D:‘c +A/D;,,ﬂ +Sense Reslstar:‘
=/.02%+.022+ 257
=.25%
=+ 13 °F
6.3 Primary Coolant pump instrument uncertainties relative to Heat Balance
The PPC points are CURCP1A, CURCPIB, CURCP2A, and CURCP2B. These associated ammeters are
EAI-2103. EAI-2203, EAI-2104, and EAI-2204 respectively.
Circuit Description: A Current Transformer (CT) on one phase of each PCP feeds 2 Ammeter and an I/] ref 5
converter in the control room. The !/1 converter in turn is run through a resistor to create a voltage which is
input to one of the PPC Multiplexor Nodes. The calibratod span is 0 to 800 amps.
Instrument Errors:
Current
Transformer: No vendor or accuracy data could be found on this particular CT. However, per the ref 5
Electrical System Engineer, this a fairly typical type of CT device. Other CTs with the ref6
same ratio of §00/5 have a worst case accuracy on the order of 0.6%. There is no
calibration associated with this device. As this is a passive device, no drift should be
expected. To be conservative, this error will be doubled. This works out to 1.2%
uncertainty.
Current to Current
Convertor: This is a Square-D, cat. No CLE-202001, converter. The catalog stated accuracy is 0.25%. | ref 15
This device is not calibrated. The four converters were calibrated in 1995 under a WO ref 18
request. To account for the lack of 1libration, the catalog stated error will be tripled.
This works out to 0.75% uncertainty. Discrepancies between channels or between the PPC
and meters beyond this should be noticeable by the operators.
PPC Accuracy: The only significant factor for this PPC input accuracy is the sense resistor. Those bought | Ref 15
for the CFMS modification were typically 0.025%. The Cutler-Hammer multiplexor is
accurate to 0.04% from 20 10 30 °C. As these error are significantly less than 1/5 of the ref7
largest error, they are insignificant for this instrument urcertainty.
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Meter:  This meter is calibrated per PPAC PCS011 every two years or Refout. Tolerance is £3% full scale.
This meter face is graduated in 20 amp increments. There is a large distance between increments
such that the meter can be easily resolved to + 5 amps or £.625%

Total Error relative to PPC: 3

2
+Meter

Total error relative to manual 3
—J readabiluy

reading: = CT,zcc*-Mererm
=y1.22+32+.625?
=3.29%
= x 26 amps

6.4 PPC Computational Accuracy as it relates to Heat-Balance

The PPC has two computers which plzay a part in handling inputs and performing calculations related to the
Heat-Balance. These are the G2™ input nodes and the Host computer system. The input nodes convert the
analog to digital converter’s 14 bit numerical value to a usable engineering unit value which is then sent up to
the host for alarm processing, storage, and distribution. 14 bits is equivalent to approximately 5 digits of
precision. Several points come in through the 12 bit Cutler-Hammer multiplexor and ar= converted to
engineering units by the Host directly. Several calculated points are derived from the G2* data such as
Feedwater density and density compensated flow.

Both the G2 and the Host computer handle math the same way and are subject to the same computational
errors. The G2 and the Host are based on the Digital Equipment Co. VAX architecture. All conversion and
computations are performed using Floating point math. The minimum floating point storage size is 4 bytes or
commonly referred to as REAL*4. Per the VAX FORTRAN manual, REAL*4 number have approximately 7
digits of precision. Floating-point math is carried out to a precision greater than the operands and thereby adds
no significant round off error.

The accuracy of the Piant computer is several orders of magnitude greater than the resolution of any input or
displayed output. Therefore, PPC conversions, math, and numerical precision add no significant error to the
heat-balance or its inputs. A/D error is accounted for in each instruments uncertainty calculation. A/D
temperature effects are addressed in section 6.1.

6.5 PT-0751B (PT-0752B) Steam Gen Pressure as it relates to the Heat-Balance

These transmitters are calibrated n: TSSP P1-05. Control Room meters PIC-0751B, PIC-0752B and PPC
points PT0751B, PT0752B are also checked 1. *»is procedure. This is a loop end to end test. The range of
these transmitters and inputs is 0 to 1200 PS°A. The meters have an as-found tolerance of £20 PSIA (1.7%).
The PPC points have an as-found toleranc . of £20 PSIA (1.7%). However, it is points PT_07051B and
PT_07052B which are used in the Heat-13al:nce. These are input through separate sense resistors and
multiplexors. Both sets of inputs use the same conversion constants. A comparison of inputs shows that the
Heat-Balance points are reading 6 PSI (.5%, iess than the points checked in RI-5 at 99.6% power.

ref 21
observed

Ref 2

ref 14

ref 13

Ref 8
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The difference between the two sets of PPC inputs is mostly a function of different input module impedance.
The isolation resistors in conjunction with the impedance of the PPC’s input module form a voltage divider
network which drops enough signal voltage to see a ¥z percent lower value on the PPC. Adding .5% to the As-
found tolerance in RI-5 gives a conservative error value for the steam gen. inputs used by the Heat-Balance
calculation.
During a manual calculation or if these points are unavailable on the PPC., the four steam generator pressure
channels for each steam generator are averaged'together. These averaged values should be more accurate than
the individual chunnels used by the PPC. As such, the error associated with one channel will bound the
averaged error and will be used for this error calculation.
M&TE Error: As this is loop end to end test, only M&TE error should normally be added to the total ref 8
error. A DMM and pressure gage are used in the Loop end to end calibration. Both have
an inaccuracy less than +2 psi. Since these M&TE errors are less than 1/5 of the largest
error (Temperature effect is +28 psi), they are not significant.
Transmitter
drift Error Drift error is £3.6 psi over 30 months. Since this error is less than 1/5 of the largest error Ref 8
(Temperature effect is +28 psi), it is insignificant.
Transmitter
Temp. Effect: Per RI-5 basis, Temperature effect error is £(.75% URL + .5%span)/100°F. URL is Ref 8
3000 psi and Span is 1200 psi. This works out to +28.5 psi or 2.4% of the span range.
Head Pressure
Effects: Head pressure has been accounted for in the calibration procedure. Ref 8
Meter Readability: These meters are graduated in 20 PISA increments. These meters are little high on the observed
panel and have a curved surface. We will assume that they can be read to + 20 PSIA. meter

PT-0751B/PT-0752B total accuracy: = #\/As Found,,. ,* Temp Effect,, - PPC,,,
. = +/20% + 28.5% - 6

(relative to PPC heat balance) = #35 -6 PSI

PT-0751B/PT-0752B total accuracy: /s Foundy,,,, . + Temp Effect’, + Meter} .,
- 2 2 2

(relative to meter and manual heat = £y/20? + 28.5* + 20

balance) = + 40 PSI

6.6 Steam

EquipmentID:  FI-6001A/FI-6001B

These inputs are read loczily and then manually entered into the Heat-Balance calculation. This is a local
rotometer type flow indicating device. Range is 0 to 60 KPPH. The Flow indicator is calibrated per IPI FI-
6001A on a two year cycle as scheduled by PPAC MSS008.
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The indicator for these devices have different resolutions depending on the flow range. Graduation increments | Ref 12
decrease in value as flow increases. Typical readings are in the medium and high range. The medium range’s
resolution and accuracy bound the higher range. It's tolerance will be used for this error calculation.
Resolution or readability is assumed to be ¥ of the medium range graduation or 0.833% of span.
EE-600]1A/B: Orifice type. No calibration data or accuracy specification could he found for this flow
element. To be conservative, we will assume a calibration span error value equivalent to
three time the readability of the meter in the medium range. This works out to 3/2 of one
division or 2.5%.
F1-6001A/B:
tolerance:  As-Found .4 m, =+ 2divisions = +2KPPH ==x33% ref 12
M&TE In: 0- 1000 " H.0 gauge + .1% or 1" H.,0 per M&TE
Error: 500 ~ = 100% of range. Error =.1% * 1000/500 = .2% cal. tag
TOTAL ERROR =
=/M& TE2 +FI? +FE + Meter?
er err err readability
=y/.22+3.32+2.52+0.833?
=+ 423% (+ 2.5 KPPH)
6.7 Letéown and Charging Flow as it relates to the Heat-Balance
These transmitters are calibrated in PPAC CVC035. Letdown Flow is FT-0202. Charging Flow is FT-0212. ref 12
PPC input point FT0202 has a range of 0 to 160 GPM for a 4 to 20 ma signal input. PPC point FT0212 has a
range of 0 to 140 GPM for a 10 to 50 ma signal input.
Circuit
Description: FT0202 feeds a signal to FIC-0202 and to the PPC multiplexor through a precision 250 Ref 15
ohm 0.025% resistor. FT0212 feeds a square root device which in turn feeds FIA-0212
and the PPC through a 100 ohm 0.025% resistor.
typical of
M&TE error: DMM and pressure source are accurate to better than .1% which is less that 1/5 of largest | tolerances
error and are therefore insignificant.
Transmitter: Both transmitters have as-found tolerance of £0.32 ma. This works out to + 2.0% error. ref 12
Temp. Effect: FT0212: The ambient temperature effect is £1.0% span per 100 °F. Ambient temperature | ref 10
is approximately 80°F. Will assume a 30°F delta from calibration temperature. Temp.
effect works out to 30/100 * 1.0% = 0.3% span. As this is less than 1/5 of the largest error
it is insignficant.
FT0202: The ambient temperature effect is +(0.025% URL +0.125% span) per 50°F. ref 11
Ambient temperature is approximately 80°F. Will assume a 30°F delta from calibration
temperature. Temp. effect works out to 30/50 *( 0.00025*250" + .00125*100") = 0.188"
H,O or 0.188% of span. As this is less than 1/5 of the largest error it is insignficant.
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Static Press
Effects: FT02!2: The zero error is + 2% of URL for 4500 PSI. This works out to 2% of span (.02 * | ref 10
750"/400" * 2500/4500). Span error is +.25% of reading per 1000 PSI. Error at typical
reading of 9% of Dp span is 0.06% (.25 * 2500/1000 * 9/100). Span error is less than 1/5 | ref 7
of the largest error and is therefore insignificant.
FT0202: The zero error is  .1% of URL /1000 PSI. Zero error is less than 1/5 of the ref {1
largest error and is insignificant compared to other errors Span error is £.2% of URL per ref 7.
1000 PSI. Span error is insignificant compared to other errors.
Flow Element
Error: There was no data found to support the accuracy of these flow elements. They are both ref 19
Orifice 1ype elements, manufactured by Foxboro, and supplied by CE. Per ASME report.
the discharge coefficient tolerance for an orifice will not exceed +1.0% with an
appropriately designed and installed configuration. To be conservative, we will assume
+2.0% for the FE error.
Sqrt Transfer
function Charging flow was found to be 41 GPM on several differeat occasions while running at
full power. This works out to ~30% of flow span. Letdown flow was found to be 38 GPM
on severzl different occasions while running at full power. This works out to ~25% of
flow span. We will assume that these are typical values and calculate the loop uncertainty | ref 17.
at these points.
PPC error Per schematic diagrams, the sense resistors are precision 0.1%. These signals are input
through the Cutler-Hammer multiplexor which has an accuracy of 0.04%. As these
inaccuracies are less than 1/5 of the largest error, they are insignificant.
Sgrt Root
Extr; As - found tolerance of FY-0212 is +0.8ma over a range of 10 to 50 ma. This works out to | ref 12
% 2.0%. Sqrt extraction is performed internally to FT-0202.
ref 12
FIC-0202 error:  As-Found tolerance of £ 2 GPM. This works out to + 1.3%
ref 12
FIA-0212 error:  As-Found tolerance of + 2.8 GPM. This works out to + 2%
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Loop Uncertainty for
FT0212 @ ~ 41 GPM : Dp,,,,=(Flow_,/10)’
=(30“ 0)2 =9%DP ouput span ref 17
Elow Uncertainty
=£10+/Dp-10+/Dp +[FT, ~=FT_, *FE,, ref 17
=x10 *\/5-1 0 *V9 -\/2z +2242%2 (worst case)
=*6'41%ﬂow5pan
Total Logp Flow Uncertainty via PPC

PPCl.oopErmr =ivFU2 +FY‘2’F

=416.472+2%26.71% = £9.5 GPM,, o\ GPar actsat Fivw
Total Loop Flow Uncertainty via FIA
_ 2 2
F. MLOOPEmr - JFTUZ‘PFY A:F+F uAJF
=\/6-471 +2242%= £7.06% = 9.9 GP M, 41 GPM actnal Flow

Loop Uncertainty for
FT0202 @ ~ 38 GPM
= 2
Dp'p“ (Flow » an’10) ref 17
=(25/10)*=6.25, ,, owput span
U rainty ref 17

=tlo‘va-l° *J;p t"FT"’.’ tFE"’
=10 +/6.25-10 ~\/6.2s -\/2’+2’

=6.50% o0 p0n

Total Loop Flow Uncertainty via PPC
=Flow Uuncertainty=6.50% = £10 GPM_, 3¢ o1/ actnuot Fiow

Total Loop Flow Uncertainty via FIC

FIC, g rmor = JFU 2+FIC

=/6.50%+1.32= £6.63% = %11 GPM,, 33 Gpat actuat Fiow

PPC

LoopError
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This is equipment ID TT-0122CD. The range is 515 to 615 °F. Per RI-2 basis, the loop end-to-end
calibration as-found is = 1% (£ | °F). This temperature is 2 manual input to the PPC heat balance ref 9
calculation. TSSP RI-2 performs a loop end-to-end calibration of this transmitter.
Meter
readability:  This meter has 2°r increments. Will assume that the meter is readable to ' of this or +
1°F.
RTD: RI-2 uses the specific calibration curve for each individual RTD to check its accuracy.
This eliminates any significant RTD error.
Temp. & P/S
effects: Per RI-2. supply voltage effect is £0.15°F. Per RI-2, Ambient temp. effect is +0.00362°F.
Both of these effects are less than 1/5 of the largest error and are therefore insignificant.
Total Error: 5 -
= iJTemp. Loopy, g o1 * Meter,  yupuiry
= :t:\/ 12412
=% 14 °F
6.9 Pressurizer Heater instrument uncertainties refat: ve to Heat Balance
The PPC points are A10103 and AI0104. These are in the same circuit as ammeters EAI-1305 and EAI-1211
respectively.
Circuit Description: A Current Transfosmer (CT) off of the heater breaker feeds a Ammeter and an I/1 ref 5

converter in the contro! room. The 1/l converter in turn is run through a resistor to create a voltage which is
input to one of the PPC Multiplexor Nodes. The range of the ammeter, I/], and the PPC input as a function of
engineering units is 0 to 200 amps.
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Instrument Errors:
Current
Transformer: No vendor or accuracy data could be found on this particular CT. However, this a fairly
typicai type of CT device. Other CTs with the same ratio of 200/5 have an accuracy on the | ref 5
order of 4.8%. There is no calibration associated with this device. As this is a passive ref 6
device, no drift should be expected. To be conservative, this error will be doubled. This
works out to 9.6% uncertainty.
Current to Current
Convertor: This is a Square-D, cat. No CLE-202001, converter. The catalog stated accuracy is 0.25%. | ref 18
This device is not calibrated. The four converters were calibrated in 1995 under a WO
request. To account for the lack of calibration, the catalog stated error will be tripled.
This works out to 0.75% uncertainty. Discrepancies between the channels or between the
PPC and meters beyond this should be noticeable by the operators.
Meter:  This meter is calibrated per PPAC PCS011 every two years or Refout. Tolerance is £3% full scale. | ref 21
This meter face is graduated in 20 amp increments. There is & large distance between increments
such that the meter can be easily resolved to + 5§ amps or £2.5%
PPC Accuracy: The only significant factor for this PPC input accuracy is the sense resistor. Those bought
for the CFMS modification were typically 0.025%. The Cutler-Hammer multiplexor is ref 14, 15
accurate to 0.04% from 20 to 30 °C. As these errors are significantly less than 1/5 of the | ref 7.

largest error, they are insignificant with respect to this instrument uncertainty.

Temp. Effect: None. CT has no temp. effect. Other devices are located in the control room.

=¢‘/m}" +CT2
=¢\/.1s’ +9.62

=+9.6%
=% 19 amps

Total Error relative to PPC:

Tota! error relative to manual
reading:

- 2
- Jcruc *M e’erccc *Meterrtadﬂblhly

= /9.62+32+2.52
= £10.36%
=+ 21 amps

Plant Equipment IDs are TE-0212 / TI-0212. This temperature is a manual entry to the Heat balance.
The temperature indicator is calibrated per IPI data-sheet using the impedance curve for a platinum RTD.

Circuit Description: A platinum RTD feeds TI-0212 in the Control room. The RTD is a Burns Engineering
mode} 9486.
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Comments ;
TE-0212
accuracy: Bums .atalog information for Platinum RTDs gives a worst case interchangeability of ref 20
+3°F at 600°F. As this catalog did not directly address a model 9486, the 1
interchangeability will be doubled and used as the TE error. This works out to +6°F.
T1-0212
accuracy: As-found tolerance of + 10 °F. ref 12
Temperature
Effect: No ambient temperature effect was noted in the Bumns catalog other than a wide operating | rei’ 20
range limit. The TI is located in control room.
M&TE: Decade impedance box has accuarcy better than 4% of reading. This is approximately
%% of 600 °F range which works out to £0.6°F. This is less than /5 of the largest error | ref 7
and is therefore insignificant.
TOTAL
ACCURACY: =% ,/n:,’ v 1L}
= % ‘/52 + 102
=& 12°F
7.0 CONCLUSION
This EA contains instrument uncertainties that are acceptably accurate for input to a heat-balance
uncertainty analysis. Where specific vendor accuracy data was unavailable, conservative estimations
were made.
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PALISADES NUCLEAR PLANT EA-ELEC08-0004
ANALYSIS CONTINUATION SHEET Sheet 2 of 30 Revision 1

Revision Number
1

RECORD OF REVISION

Description Of Change
The indicated calculation status on the cover sheet has been
changed to Pending.

Section 3.5.6, change the minimum calibration temperature to 70°F
and the maximum temperature to 110°F.
Changed TE; to 2.5224°F.

Added Assumption 4.1.1 to reflect expected plant parameters
following the power uprate.

Added Assumption 4.2.7

Changed TE; to 2.5224°F

Changed TLU g, to £3.6251°F

Changed T, to 437.0749°F

Changed D, to 52.1810 Ibm/ft®

Changed T, to 444.3251°F

Changed D, to 51.8424

Changed F, to 5.6902 Mib/hr

Changed FE; to 11.7000 Kibm/hr

Changed F2 to 5.6667 Mibm/hr

Changed FE; to -11.8000 Kibm/hr
Changed FEg,r to £11.8000 Klbm/hr
Changed TLUgyeaensg) t0 +28.6149 Klbm/hr
Changed TLUg, to + 40.468 Klbm/hr
Changed Reference 9.3 to RI-24B Rev.0
Changed Reference 9.7 revision to Rev.1
Added Reference 9.17 Rev.0
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1.0

2.0

OBJECTIVE / SCOPE

In order to perform a minor power up-rate, the uncertainties associated with the
Secondary Calorimetric computation must be determined. A significant portion
of the uncertainties associated with this computation stem from the
measurement of Feedwater Flow. In order to reduce these uncertainties,
Ultrasonic Flow Measurement (UFM) techniques are used to correct the readings
from the Feedwater Flow venturis during full power operation.

This calculation determines the uncertainty associated with the Feedwater Flow
measurement used in the secondary calorimetric heat balance calculation, with
the UFM correction. This calculation is only intended to be valid for the
Feedwater Flow Measurement on the Palisades Plant Computer (PPC) during
full power operations after the minor power up-rate. See Section 8.0 for further
restrictions on the usage of information from this calculation.

FUNCTIONAL DESCRIPTION

Per Reference 9.2, the Feedwater Flow indication is temperature (density)
compensated within the PPC. The instrumentation channels monitor Feedwater
Flow to each of the steam generators. Per References 9.2, 9.10 and 9.11, the
signals are supplied to the Feedwater Regulator System and PPC, as well as to
the Control Room for remote indication. Per Reference 9.2, the Feedwater
Temperature channels monitor Feedwater Temperature at the E-6A and B outlet
to the steam generators. Per References 9.2 and 9.8, this signal is supplied to
the PPC and a Control Room recorder.

Per Reference 9.2, “PPC flow indication may be calibration compensated at full
power via a correction factor calculated using alternative Ultrasonic Flow
Measurement (UFM) technique.” This process is addressed in Reference 9.12.
Each steam generator Feedwater Flow signal is density compensated by an
associated Feedwater Temperature signal and is UFM Corrected separately.

This calculation only addresses the PPC indication of Feedwater Flow, after
temperature (density) compensation and UFM correction.
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3.0 ANALYSIS INPUTS

3.1

3.2

TEMPERATURE COMPENSATION EQUATIONS

Per Reference 9.2, the Feedwater Flow indication in the PPC is temperature
(density) compensated. The Feedwater Flow computation is performed by the
PPC, and the following equation is used for each steam generator Feedwater
Flow signal. '

0.043

F=G|1+———
130

(T —430)]-1—x 60xD
7.48

Where: F = Feedwater Flow in Ib_/hr

G = Feedwater Flow in gal/min

T = Feedwater Temperature in °F

D = Density Based on Feedwater Temperature
The Feedwater Flow in GPM is obtained from the flow element AP and
Feedwater Flow calibration curves. The non-density-compensated Feedwater

Flow values, G, for each steam generator is computed in the PPC, as
determined in Reference 9.2, as follows. :

G= 14.2371/1‘1111;—131 x10° GPM

FLOW ELEMENT AND FLUID DENSITY CONSIDERATIONS

TAG NUMBER: FE-0701 [9.2]

FE-0703 [9.2,9.4.€]

MANUFACTURER: BADGER METER CO. [9.4.€]
CALIBRATED BY: ALDEN LABS [9.2]

3.2.1 Per Reference 9.12, the UFM correction to the Feedwater Flow measurement is

made every 31 days when operating at or above 95%. This correction is
performed during full power operation, and this calculation does not apply to low
power conditions, or accident conditions. Therefore, this correction negates the
effects of fouling on the feedwater venturis, thermal expansion factor of the
venturis, and piping configuration effects. Therefore:

Errorsge = N/A



PALISADES NUCLEAR PLANT EA-ELEC08-0004
ANALYSIS CONTINUATION SHEET Sheet 5 of 30 Revision 1

3.2.2

Per Reference 9.2, the Feedwater Flow reading is temperature (density)
compensated within the PPC. Therefore, the errors due to changes in density
are corrected for in the temperature (density) compensation algorithm. The only
related residual uncertainty is with respect to the errors in the temperature
measurement, which are evaluated in later sections. Therefore, the process
effects relating to density changes are negligible.

PE = N/A

3.3 FLOW TRANSMITTER CONSIDERATIONS
TAG NUMBER: FT-0701 [9.2)
FT-0703 - [9.2]
MANUFACTURER: ROSEMOUNT [9.2]
MODEL NUMBER: 3051CD2 [9.2]
FT-0701 SPAN: 0-213.9 “H,O [9.2]
FT-0703 SPAN: 0-219.5“H,0 [9.2]
3.3.1 Per Reference 9.4.a, the Reference Accuracy of the flow transmitter is given as
+0.075% Span. Therefore, the flow transmitter Reference Accuracy (RAg) is
given as:
RA; = 1+ 0.0750% AP Span
3.3.2 Setting Tolerance effects are errors intfroduced during the calibration process
and are constant at a given point on the calibration curve throughout an
operating cycle. The UFM correction to the Feedwater Flow signal in the PPC
compensates for any Setting Tolerance effect on the transmitter. Therefore,
STy = + 0% AP Span
3.3.3 Measurement and Test Equipment (MTE) effects are errors introduced during

the calibration process and are constant at a given point on the calibration curve
throughout an operating cycle. The UFM correction to the Feedwater Flow
signal in the PPC compensates for any Measurement and Test Equipment effect
on the transmitter. Therefore,

MTEs = + 0% AP Span
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3.3.4

3.3.5

3.3.6

Per Reference 9.4.a, the flow transmitter stability term is specified as + 0.125%
Upper Range Limit (URL) for 5 years for + 50°F temperature changes and up to
1000 psi line pressure. This term inherently covers three standard uncertainty
terms; drift, temperature effect, and static pressure effect. Sections 3.3.5 and
3.3.7 below specifically address the temperature effect and static pressure
effects, but do not address drift. Drift is not specified separately within
Reference 9.4.a, so for conservatism, the drift is assigned the full stability value.
Per Reference 9.4.a, the Upper Range Limit for these transmitters is 250 “H,0.
For conservatism, the transmitter with the least span is used. Therefore, the Drift
term is established as follows.

+0.125% x (250 “H,0 / 213.9 “H,0)
1+ 0.1461% AP Span

DRer

Per Reference 9.4.a, the flow transmitter has specifications for static pressure
zero and span effect. The zero term can be calibrated out completely, and the
span term can be generally corrected for in the calibration of the transmitter. The
residual static pressure span effect is due to the fact that each transmitter
responds slightly differently with respect to the span effect, and the correction
procedure given merely corrects for the average transmitter response of the all
transmitters manufactured. However, in this case, the Feedwater Flow signal is
UFM corrected at operating conditions every 31 days, thus correcting these
specific transmitters for their static pressure span effect as well. Additionally,
since the correction is done at full power operating conditions, only very minor
pressure changes need consideration, which have a negligible effect on error.
Therefore, the static pressure effect is negligible.

SPE = N/A

Per Reference 9.4.a, the flow transmitter Power Supply Effect (PSEg) is given
as less than £0.005% Span per Volt. Per Reference 9.6, the power supplies for
the flow transmitters are regulated to within £ 5 VDC. Therefore, the flow
transmitter Power Supply Effect (PSE;) is given as:

PSEq = + (0.005% Span / VDC)(5 VDC)
PSEq = 1 0.0250% AP Span

Per Section 7.6.1 of Reference 9.6, random errors less than + 0.05% Span have
a negligible impact on the overall uncertainty determination and may be omitted
from the loop uncertainty analysis. Therefore,

PSE,= N/A
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3.3.7

34

Per Reference 9.4.a, the flow transmitter Temperature Effect (TE;) is given as

+ (0.0125% URL + 0.0625% Span) / 50°F. Use of the transmitter with the least
calibrated span maximizes this uncertainty term; therefore, the span for FT-0701
is used to compute this term. Per plant walkdown, the transmitters are located in
the Containment “air room.” Therefore, per Reference 9.6, the required
temperature difference to be considered is 60°F.

TE, =+ [[(0.0125%)(250 “H,0 / 213.9 "H,0)] + 0.0625% Span}(60°F/50°F)
TE., =+ 0.0925% AP Span

TEMPERATURE ELEMENT CONSIDERATIONS

TAG NUMBER: TE-0706 [9.2]

TE-0708 [9.2]

MANUFACTURER: BURNS ENGINEERING, INC.  [9.2,9.4.b]

TYPE:

3.4.1

34.2

343

200 Q RTD [9.2]

Per Reference 9.4.b, the standard accuracy for platinum temperature elements is
+ 0.10% of Resistance at 0°C. This is a bias term for a given RTD. However,
since the Feedwater Flow reading is corrected at power operating conditions,
this term is negated during the UFM correction process. Also, per Reference
9.4.b, the Repeatability for these RTDs is + 0.10°F over the range from 32°F to
900°F. Per Reference 9.5, the Feedwater Temperature is anticipated to be
approximately 438.5°F after the power up-rate. Therefore, the Reference
Accuracy (RA) of the temperature element is established as its Repeatability.

RAx =  +0.1000°F

The RTD has no adjustment and therefore cannot be calibrated. Therefore, the
errors that can be introduced during calibration (Setting Tolerance and M&TE) do
not apply to this device.

ST = NA
MTEe=  N/A

Per Reference 9.4.b, the temperature element has a specification for RTD
Interchangeability. At the operating condition of 438.6°F, the interchangeability
specification is determined from interpolating from the Table in Reference 9.4.b
to be as follows:

INT,e = +2.1925°F
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3.4.4 Per Section 10.3 of Reference 9.6, RTD lead wire effects are negligible with 3-
wire RTDs. Per Reference 9.8, these are 3-wire RTDs. Therefore, RTD Lead
Wire Effects are negligible for this application.

LW, = N/A

3.4.5 Per Section 10.4 of Reference 9.6, RTD Self-Heating Effects are generally
considered negligible if used with flowing fiuids. In addition, since the UFM
correction is performed during operating conditions, any Self-Heating errors are
removed during the correction process. Therefore, Self-Heating Effects are
considered negligible for this application.

SHye = N/A

3.5 TEMPERATURE TRANSMITTER CONSIDERATIONS

TAG NUMBER: TT-0706A | [9.2)

TT-0708A [9.2)
MANUFACTURER: RIS [9.2]
MODEL NUMBER: SC-1374 [9.2]
SPAN: 500°F [9.2)

3.5.1 Per Reference 9.4.c, the Linearity of the temperature transmitter is given as
1+0.1% Span, and the Repeatability is shown as +0.1% Span. The span of the
transmitters is 500°F per Reference 9.2. These two terms are combined to
produce the overall temperature transmitter Reference Accuracy (RA;;) is given
as:

+ [(0.1% Span) + (0.1% Span)?'? x (500°F / 100% Span)
+0.7071°F

RAm
RAm

3.56.2 Per Reference 9.6, the Setting Tolerance (ST) term is set equal to the Final
Setting Tolerance for the device. Per Reference 9.3, a loop calibration is
performed on the temperature transmitters and the associated PPC points. The
setting tolerance on the loop calibration is conservatively assigned as the Setting
Tolerance for the Temperature Transmitter, since adjustments are not made to
the PPC based on this calibration.

STy = + 0.7500°F
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3.5.3 Per Reference 9.6, Palisades Plant requires that total equivalent accuracy of the
test equipment used in the calibration of instrumentation be at least as accurate
as the Final Setting Tolerance of the instrument being calibrated. Therefore, the
Measurement and Test Equipment effect (MTE) is conservatively set equal to the
as-left calibration tolerance of the temperature transmitter. Therefore, per
Section 3.5.2 and Reference 9.3,

MTEx =  +0.7500°F

3.5.4 Per Reference 9.4.c, no time dependent drift term is specified for the
temperature transmitters. Most frequently, drift for these components is very
small in relation to the other uncertainty terms specified. Therefore, the Drift
term is considered negligible for the temperature transmitters.

DRy = N/A

3.5.5 Per Reference 9.4.c, the temperature transmitter Power Supply Effect (PSE;) is
given as less than £0.15% Span per 20% voltage variation. Per Reference 9.8,
the instruments are powered by 120 VAC instrument power from Y01. Per
Reference 9.6, the power supplies are regulated to within £ 10%. Therefore, the

temperature transmitter Power Supply Effect (PSE;) is given as:

PSER = 1 (0.15% Span / 20%)(10%)(500 °F / 100% Span) -
PSEq = 1 0.3750°F

3.5.6 Per Reference 9.4.c, the temperature transmitter Temperature Effect (TE;)
(Zero) is given as  [((RTDmin(2)x0.002%)/span (2)) + 0.008%] / °F maximum.
The span effect is defined as £0.008% / °F maximum. Per plant walkdown, the
transmitters are located in the Turbine Building. Per Reference 9.16, the
maximum ambient temperature is 110°F. Per Reference 9.17, the minimum
ambient temperature during a calibration is 70°F. Therefore, the required
temperature difference to be considered is 40°F. Per Reference 9.2, the span is
500°F. Using 0°F and 500°F ohm values from Reference 9.15, the temperature
effect is computed as follows:

TE;z =1 [(185.88 Q x 0.002% / (398.04 Q -185.88 Q)) + 0.008%)] x (40°F) x
(500°F / 100% Span)
TEqz=11.95°F

TEqys = % (0.00008 / °F) x (40°F) x (500°F)
TErs =+ 1.6 °F
TEqy = 2 (TEqg? + TEred)™

TE,, = + 2.5224°F
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3.6

PPC INPUT UNCERTAINTIES (FLOW AND TEMPERATURE SIGNAL INPUTS)

For conservatism, the uncertainties of the PPC analog input cards are based on the
specifications for the 12-bit A/D.

3.6.1

3.6.2

3.6.3

Per Reference 9.4.d, the Linearity of the input A/D card is given as £0.04%
Span. The Gain Accuracy is shown to be + 0.025% Full Scale. Reference 9.4.d
states, “The full scale ranges are user programmable.” Therefore, no adjustment
must be made to correct the % Span values to the % full-scale values for the
inputs. Therefore, the Reference Accuracy of the PPC input cards are computed
as follows:

RAqc = + [(0.04% Span)? + (0.025% Span)]'?
RAec=  £0.0472 % Span

Per Section 7.6.1 of Reference 9.6, random errors less than + 0.05% Span have
a negligible impact on the overall uncertainty determination and may be omitted
from the loop uncertainty analysis. Therefore,

RAgec = N/A

Per Reference 9.4.d, the PPC input cards should not require adjustment or
periodic maintenance. Setting Tolerance effects are errors introduced during the
calibration process only. If adjustment is required for the input cards, high
precision equipment are used with extremely tight tolerances to ensure that very
accurate readings are obtained. Therefore, the effects of Setting Tolerance and
Measurement & Test Equipment are negligible with respect to the other
uncertainty terms.

N/A
N/A

STeec
MTEppc

Per Reference 9.4.d, no drift is specified for the PPC cards. As stated therein,
periodic maintenance should not be required for the input cards. Therefore, drift
is negligible with respect to the other uncertainty terms.

DRepc=  N/A
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3.6.4 Per Reference 9.4.d, the PPC input card gain stability is shown to be
+100ppm/°C and the zero stability is shown as £0.5uV / °C for the Gate card and
+45uV / °C for the A/D card. This is a temperature effect (TExc) specification. (A 1.25
VDC full-scale value is used for conservatism). The plant computer inputs are located
in an environment similar to that in the control room. Therefore, per Reference 9.6, the
temperature difference for consideration is 15°F. Therefore, the temperature effect is
converted to correct units and combined to determine the following total Temperature
Effect expression:

TEgpec = + [(100/1,000,000)? + (((0.5)? + (45)%)"? x 10/ 1.25)°]"2 x100%/°C
TEppe = + 0.010628% Span / °C x [1°C/1.8°F] x [156°F]

TEppe = +0.0886% Span-

TEppcr = 1 0.0886% Span

TEppcr = + 0.0886 x 500°F / 100% Span

TEpper = + 0.4428°F

3.6.5 Per Reference 9.4.d, the quantizing error for the PPC input card is given as + %2
LSB. This term is treated as Resolution (RES). Conservatively using a 12-bit
A/D card, the value is computed in terms of % Span as follows:

+ 0.5 x [1/(2)**] x 100% Span
+0.0122% Span

RESeerc

Per Section 7.6.1 of Reference 9.6, random errors less than £ 0.05% Span have
a negligible impact on the overall uncertainty determination and may be omitted
from the loop uncertainty analysis. Therefore,

RES,e =  NA

3.6.6 The UFMs are used within Reference 9.12 to correct the Feedwater Flow
(venturi) reading to equate to the UFM reading. This requires that the Correction
Factor be computed manually. Per Reference 9.12, the display resolutions of
the UFM value and the PPC flow values are equivalent to 5 and 6 decimal places
for MPPH indications, respectively. Using %z the least significant digit as the
resolution of these terms, the resolutions are 0.5 and 5 Ibm/hr, respectively.
Therefore, combining these terms into a Correction Factor (CF) Resolution,

RESe=  +((0.5Ib /hr)? + (5 Ib /hr)?)"2
= +5025Ib/hr

This equates to approximately 0.0001% Span, which is negligible per Section
7.6.1 of Reference 9.12 (i.e. <0.05% Span).
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3.7

3.7.1

4.0

4.1

4.2

4.2.1

422

ULTRASONIC FLOW METER (UFM) UNCERTAINTY CONSIDERATIONS

Per Section 4.3.1 of Reference 9.7, the UFM uncertainty (g,) is established as
+0.4445%. Per Assumption 4.2.2, this uncertainty value is assumed to be valid
after power up-rate. Therefore,

£, = + 0.4445 % Actual Flow
ASSUMPTIONS
MAJOR ASSUMPTIONS

4.1.1 Per Reference 9.5, the following plant parameters are anticipated after the
power up-rate project. If actual plant conditions are similar to these, this
calculation remains valid.

Pse = Steam Generator Pressure (psia)
Psc = 765.8 psia
Tew = Feedwater Temperature (°F)
Tew = 440.7°F
Few = Feedwater Flow (Mlb,, / hr)
Few = 11.357 Mib,,, / hr
MINOR ASSUMPTIONS

Per Reference 9.7, the PPC updates Feedwater Flow readings once per second.
A rolling average of these one second snapshots is used to filter the values.
The hour averages are composed of ten minute averages which are composed
of snapshots taken at a one minute interval. Each level requires 90% of the
points being averaged to be valid. The rate of sampling is appropriate for the
determination of a valid Feedwater Flow signal.

The error introduced into the measurement of Feedwater Flow due to the
numerical development of a square root and other computations within the PPC
is negligible with respect to the other error terms. The internal resolution of the
PPC Feedwater Flow value is adequate to impart a negligible overall effect on
the secondary calorimetric computation.
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423

424

4.2.5

4.2.6

4.2.7

5.0

Differences in Feedwater density determined by the PPC and Feedwater density
from ASME Steam Tables are a minor bias that is nullified each month when the
UFM correction is made. The temperature remains relatively constant from
month to month, so any induced uncertainty is negligible. '

Per Reference 9.7, all uncertainties associated with the Ultrasonic Flow Meter
(UFM) are random and independent. No bias uncertainties are present in the
ultrasonic Feedwater Flow measurement.

The uncertainties derived per Reference 9.7 for the UFM measurement apply at
the full power and full Feedwater Flow values used after this power up-rate.

Per Reference 9.12, density correction is performed for the UFM measurement,
when determining the correction factor to use in the PPC. Reference 9.7 derives
an overall uncertainty value for the UFM measurement. This derivation includes
a density uncertainty factor, but gives no specific details as to the origin of that
term. The uncertainty computation for the UFM measurement within Reference
9.7 properly considers the density correction process as applied in Attachment 2
of Reference 9.12, Steps D and J.

RI-24, “Steam Generator Feedwater Flow Instrument Loop Calibration,”
Procedure, has been revised to remove the calibration of the feedwater
temperature channels. A new procedure, RI-24A was created for the
temperature channel calibrations. This will ensure the transmitters are calibrated
with an ambient temperature of 70°F or greater.

ANALYSIS

Computations are performed to an accuracy of several significant digits, but
presented in this calculation rounded to four decimal places in most cases.
Hand verification of this calculation utilizing the rounded values yields slightly
different results, due to round off errors. The final result is rounded to three
decimal places for use as input to the Secondary Calorimetric uncertainty
calculation. '

This analysis is performed in two segments. The first segment assesses the
potential error of the Feedwater Temperature, as measured in the PPC, and
determines the affect of this error on the flow reading. The second segment then
combines the errors of the Feedwater Flow measurement with any required
errors from the Feedwater Temperature and UFM Correction, to determine a
final uncertainty of the Feedwater Flow value in the PPC, with UFM correction
applied.
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5.1

FEEDWATER TEMPERATURE UNCERTAINTY ANALYSIS

Per Analysis Input Sections 3.4, 3.5, and 3.6, the following non-zero values are
derived, which require uncertainty consideration for the Feedwater Temperature
measurement within the PPC.

RA =  +0.1000°F [3.4.1]
INTe=  +2.1925°F [3.4.3]
RA; =  +0.7071°F | [3.5.1]
ST, =  +0.7500°F [3.5.2)
MTE; =  +0.7500°F [3.5.3]
PSE;=  +0.3750°F [3.5.5)
TE, =  +2.5224°F [3.5.6]
TEwpc;=  +0.4428°F [3.6.4]

All of the above errors are random and independent, and expressed in common
units. Therefore, in order to determine the uncertainties of the plant computer
indication of Feedwater Temperature, with respect to the computation of UFM
Corrected Feedwater Flow, the terms are combined by SRSS.

TLUmr = 2 [RAZ + INT 2+ RAG2 + ST + MTEL? + PSET,2 + TEL?
+ TEpper 1™
TLUpr =  +£3.6251°F

In order to evaluate these errors in terms of their affect on the flow
measurement, a case study is performed at the anticipated flow rates during
normal operation after the power up-rate. Given ideal inputs, the flow equation
in the Plant Computer is implemented. Then, errors are applied to the
temperature inputs, and a difference in flow measurements is observed, holding
all other values constant.

Per Section 3.1, the following is the PPC equation used to perform the
temperature compensation for the Feedwater Flow instrumentation:

0.043

F= G[l (T 430)]——8x 60xD

Per Reference 9.5, the Main Feedwater Flow anticipated at 101.4% power, after
power up-rate, is 11.357 Mib,/hr. Splitting this between the two steam
generators equally, we obtain Feedwater Flows for each steam generator of:

Far =Frotau/ 2 =11.357/2 =5.6785 Mib_/hr
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Also per Reference 9.5, the main Feedwater Temperature anticipated at 101.4%
power, after power up-rate, is 438.5°F.

Tar = 440.7°F

Per Reference 9.13, a pressure of 700 psia was used in obtaining the densities
since this pressure is close to the 100% power value and density is not highly
dependent on pressure. Density is calculated using the following equation per
Reference 9.13:

D= 61.2257 - (0.0000585417)(T2)) + (0.00489334)XT)  Thus,

Dar = 52.01243 Ib /it
Therefore, the equations are worked as follows to determine the ideal measured
flow rate. :

Gnr = Furr / {[1+(0.043/130)(Tir-430)] x [60D,1/7.48]}

Gnr = 13,562.59 GPM

The only parameters in the Flow equation that change are T, the measured
Feedwater Temperature, and D, the density from the PPC computation, based
on the measured Feedwater Temperature. The total loop uncertainty for the
temperature reading on the PPC is established as +3.6251°F for the evaluation.

In order to account for any errors in the density algorithm of the PPC, the
densities from the erroneous temperatures are computed with the PPC
algorithm, to specifically acquire what the PPC would compute for these items.
Per Reference 9.13, the density equation in the PPC is as follows:

D= 61.2257 - (0.0000585417)(T?)) + (0.00489334)(T)

Where: T = PPC input temperature of TT-0706A or TT-0708A
D = Feedwater Density

The temperature and density figures (as would be derived in the PPC) for this
assessment are as follows:

Case 1:
T, = 437.0749 °F
D, = 61.2257 - (0.0000585417)(T,?)) + (0.00489334)(T,)
D, = 52.1810 Ib/ft®
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Case 2:
T, = 444 3251 °F _
D, = 61.2257 - (0.0000585417)(T,2)) + (0.00489334)(T,)
D, = 51.8424 Ib/ft

From Section 3.1,

Fo G[l . 0.043

——-—(T—430)]—1—x60xD
130 7.48

Substituting the values for Case 1 into the flow equation yields the following
erroneous flow reading (F,).
F, = 5.6902 Mibm/hr

Thus, the temperature induced flow error (FE;,) is shown for Case 1 as follows:

FEr,
FEr,

F1 - |:INIT
+11.7000 Kibm/hr

Substituting the values for Case 2 into the flow equation yields the following
erroneous flow reading (F,).

F, = 5.6667 MIbm/hr
Thus, the temperature induced flow error (FE;.) is shown for Case 2 as follows:

FE,.
FEr.

.Fz— Finar
-11.8000 Kibm/hr

Although the error is slightly skewed in the negative direction, the errors did
originate from random errors with equal positive and negative magnitudes. For
conservatism, the errors are treated as equal in each direction, with the largest
magnitude in both directions.

FErewp= £ 11.8000 Kibm/hr
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5.2

FLOW INSTRUMENTATION UNCERTAINTY ANALYSIS

Per Analysis Input Sections 3.2, 3.3, and 3.6, the following non-zero values are
derived, which require uncertainty consideration for the Feedwater Flow
differential pressure measurement within the PPC.

" RAq = 10.0750% AP Span [3.3.1]
DRy =  +0.1461% AP Span [3.3.4)
TE; =  +0.0925% AP Span [3.3.7]
TEpes =  +0.0886% AP Span [3.6.4)

All of the above errors are random and independent, and expressed in common
units. Therefore, in order to determine the uncertainties of the plant computer
indication of Feedwater Flow (in percent of AP Span), with respect to the
computation of UFM Corrected Feedwater Flow, the terms are combined by
SRSS.

+ [RAe" + DR5? + TE? + TEppe"
+ 0.2083% AP Span
+ 0.002083 of AP Span

LUewor

Per Reference 9.1, these errors are converted to units of flow as follows:
C = A", and
€c(srss) = T epR 12(A)"?
Where: A is the normalized input differential pressure value, expressed as
a fraction of the input span.
C is the normalized output signal in terms of fraction of Flow Span.

ec is the error of the flow signal (% Flow Span)
e, is the error of the differential pressure signal (% AP Span)

Wey = £ LUewop/ 2(A)2

This analysis is performed only at full power conditions after power up-rate. Per
Section 5.1 above, the Feedwater Flow rate of concern is:

Gur =  +13,562.59 GPM [5.1)
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Per Section 3.1,

53

%INPUT

G =14.237 x10°GPM

In this equation, A is equal to the %INPUT term expressed as a fraction.

%INPUT/100 =[G/ (14.237x10%P
0.9075

A
A

The resulting equation from Reference 9.1 expresses the result in terms of

% Flow Span. In order to express the error in process units, the equation is
adjusted. The equation is divided by the normalized flow rate, C (which equals
A'?), to obtain units of % Actual Flow, and then multiplied by the actual flow to
obtain process units.

LUpw = £ [(LYewor / 2 (A)) 1 (A)"] X (Fiar)

LUpy = t (LUrwor / 2A) X (Finm)

W =  +[0.002083 /(2 x (0.9075))] x (5,678,500)
W, = +6.5170 Kibm/hr

This is the total loop uncertainty of the differential pressure loop input to the
corrected Feedwater Flow computation, expressed in terms of process units.

TOTAL UNCERTAINTY COMPUTATION FOR UFM CORRECTED
FEEDWATER FLOW MEASUREMENT

In order to develop the uncertainty of the total measurement of Feedwater Flow,
using the UFM correction, one must combine the errors of the different inputs.
The errors for each of the components are combined for each flow loop, and
then combined to obtain a total Feedwater Flow measurement uncertainty.

There is a separate UFM correction factor applied to each flow loop, with an
associated uncertainty as shown in Analysis Input 3.7.1.

+ 0.4445% Actual Flow [3.7.1]
+ 0.004445 Actual Flow

eﬂ
€0

This is converted to process units as follows:

te,* Frur
+ 0.004445 * 5678500 Klb /hr
+25.2409 Klb, /hr

Eup
€up

€up

T nn
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Each of the three errors below can now be combined in process units to
determine the error for the Feedwater Flow measurement for each steam

generator.

+ 25.2409 Kib,/hr
+ 6.5170 Klb, /hr
+11.8000 Kib,/hr

Sop
LUpy
FETEMP

t [g,5° + LUpy® + FEreip]'?
+ [(25.2409)2 + (6.5170)2+ ( 11.8000)3"
+ 28.6149 Klb /hr

TLUFW(Each SG)
TLUFW(Each SG)
TLUFW(Each sG)

Total uncertainty of the Feedwater Flow measurement with UFM correction is
figured by combining the flow errors from each SG in SRSS fashion. This is
shown as follows:

TLUpy = + [TLUrweanser’ + TLUpwigacnser 1~
TLUpy = 1[(28.6149)+ (28.6149)]">
TLUpw = + 40.468 Kibm/hr

6.0 SETPOINT EVALUATION

No setpoints are addressed by this calculation.

7.0 SUMMARY OF RESULTS

The instrument uncertainty of the total Feedwater Flow measurement within the
PPC, with temperature compensation based on Feedwater Temperature, and
Ultrasonic Flow Meter Correction every 31 days, is determined to be:

TLUgy = 1 40.468 Kibm/hr
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8.0

CONCLUSION

The total loop uncertainty shown in Section 7.0 above can be used in the
determination of uncertainties for the Secondary Calorimetric computation.

The intermediate values within the calculation are NOT valid for use
independently for other applications, as these are developed only as they apply
to a corrected FW flow measurement in the PPC. Therefore, many terms that
are compensated for in the FW flow measurement (and are therefore eliminated
from this calculation) actually exist in the measurement when used for other
purposes. . '

This calculation is only valid at full power operation after the associated power
up-rate. Itis not valid at significantly lesser flow rates or power levels. These
uncertainty values only apply to the PPC Feedwater Flow measurement in the
PPC. They do not apply to situations where other indicating devices are used to
determine temperature and fiow rate.



PALISADES NUCLEAR PLANT EA-ELEC08-0004
ANALYSIS CONTINUATION SHEET Sheet 21 of 30 Revision 1

9.0

9.1
9.2
83

9.4

9.5
9.6
9.7
9.8

9.9

9.10

REFERENCES

ISA-RP67.04, Part Il - 1994, “Methodologies for the Determination of Setpoints
for Nuclear Safety Related Instrumentation,” May 1995.

RI-24, “Steam Generator Feedwater Flow and Temperature Instrument Loop
Calibration,” Basis Document Revision 9.

RI-24B. "Steam Generator Feedwater Flow Instrument Loop Calibration,”
Procedure, Revision 0. .

Vendor Manuals

a. Flow Transmitter: Rosemount Product Data Sheet 00813-0100-4001 .
“Model 3051 Transmitter,” (Excerpts Included as Attachment B).

b. Temperature Elements: M206 Sheet 115, “Bumns Engineering Inc. Product
Specification Bulletin for Resistance Thermometers for All
Environments,” VTD-0622-006, Revision 3.

c. Temperature Transmitters: RIS / Ametek Sighal Conditioning Spec Sheet
(Excerpts Included as Attachment A). '

d. PPC Analog Input Cards: MO0O01PA Sheet 1557, “Computer Products
Technical Manual for RTP7436 Series Universal Analog Input Card
Set,” VTD-2016-0008.

e. Flow Element: M252 Sheet 0032, “Alden Research Laboratories
Calibration of Two 16.500" Lo-Loss Tubes,” VTD-1154-0002.

EA-RCH-01-05, “Calculation of Chapter 14 Safety Analysis Parameter Changes

Due to FC-977 Power Uprate,” Revision 0.

EGAD-ELEC-08, “Instrument Loop Uncertainty and Setpoint Methodology,”
Revision 0.

EA-UFM-97-01, “Feedwater Flow Uncertainty with UFM Correction Factor,”
Revision 1.

Drawing E-76, Sheet 7, “Schematic Diagram, Feedwater and Turbine Driver
Instrumentation,” Revision 17.

ASME Steam Tables, 1967, 5" Edition.

Drawing E-69, Sheet 1, “Schematic Diagram, Feedwater Flow Control
Instrumentation,” Revision 31.



PALISADES NUCLEAR PLANT EA-ELECOB-OO(M
ANALYSIS CONTINUATION SHEET Sheet 22 of 30 Revision 1

9.11

9.12
9.13
9.14
9.15

9.16

9.17

Drawing E-69, Sheet 1A, “Schematic Diagram, Feedwater Flow Control
Instrumentation,” Revision 5.

MT-15, “UFM Data Collection, Analysis, and Implementation,” Revision 1.
EA-FC-933-05-01, "SPI System Replacement," Revision 1.

Deleted

Instrument Calibration Sheets for TT-0706A and TT-0708A, dated 12/13/01

Palisades Nuclear Plant Final Safety Analysis Report Chapter 9, Table 9-13
Revision 23, "Design Basis Ambient Conditions".

RI-24A,_“Steam Generator Feedwater Temperature Instrument Loop |
Calibration,”_ Procedure, Revision 0.



PALISADES NUCLEAR PLANT
ANALYSIS CONTINUATION SHEET — ATTACHMENT A

EA-ELECUS-0004
Sheet 23 of 30 Revision 1

RTD and Slidewire
Transmitters

$C-1300R
* Slidewlire inputs
+ High output load option

$C-1372, §C-1374

* RTD inputs
* Optional Input/output
isolation
 Differential RTD inputs
* High output load option
§C-1300R, §C-1372, S$C-1372 and §C-1374 SC-1300R Specifications
o I ros
> n| : 1000 platinum, 10Q from 1062 10 20,0000 spans. Totat
potefmo:’\etu Input and converts it o a mzm niclnsp‘al. standard Ocmmn sikdewire resistance must be specified
current or voltage signal. factory for Other evailable ranges. 3t When onderng. _
%ﬁmzm:\mlt:nm 12600ysnﬂrdﬂeramia|m Stdewire Power
voltage signal. The SC-1372 accepts less then 175 microwets
two or three-wire RTD's with lead wire p;'z‘;‘g L‘;"zg‘_a‘:?cﬂ"‘s% Stidewire Constant Cumrent Bource:
compe thMarmg'Ew N Zero g Slidewire Range®  Slidewire Current
m“m:'_wm BT min i) x 0.002% + 0.008%F max. oﬁl&‘ Max. Ma:%«::n
Power for AC or ledated DC powered Spér: 0.008%~F maximum 050 01000 10mA
The SC-1374 Is simiar to the SC-1372 W&ﬁ?‘" wng;‘omm o8  owea S
! 2010
but is not isolated between the input — 0.006%/°F span drift meximum ey gy Ima
and power for AC powered uns. Response Time: 015000  0-20900 nggm
SC-1372: less than 400 mS {10-80%) 0-3000Q  0-5606Q
SC-1374: less then SOMS (10-90%) 059630 000000~ 015 .mA
Isolation: whon ordering.
SC-1372: 600 VAG or 1000 VOC Response Time:
puLoMPUIpOWr I 4'C  less then 50 mikceconds (10-00%)
5 isolation:
SC +1374:600 VAC or 1000 VOC 600 VAC or 1000 VDC input/power
for AG or lsolation for AC or iscietedt DC powered
isolated DC powerad units, units
Amblent Temperature Effect:

for 25° to 125°F (-4* to 82°C):
20.01%/°F (£0.018%/°C) maxknurm,
30.004%/°F (£0.007%/*C) typical

743
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AMETEK
Signal Conditioning

SC-1300R, 8C-1372, end
SC-1374 Specifications
Linearity: 10.1% of spen, maximum
wror; 31°C mex. tor Ni and Pt RTDs,
0.3°C typicel

Repeatadility: £0.1% of spen,
maimum error

Ambient Temperature Range:
0° to 140°F {-18° 10 60°C)

Common Mode Rejection (8C-1372):
13008 © 60 Kz

Power Supply Effect: $0.15% fora
120% power variation meximum with
800 ohm ked end 4-20 mA autput
{H3, H&, H5 options £10%)

Power Supplias:

a. 115 VAC 220%, SV/80 Hz, S wetts

. 24 VOC £20%, 3.5 watis {H suffix;
non:
G 230 VAC £20%, 50/60 Hz, 5 watts

]

d. 115 VAC 210%, 60 Hz, 5 wetts, (H3
suffic; P-11 or A-12

& 115VAC £10%, 50/80 Hz, 5 watts
{H4 suttc; P11 or A-12 option)

1. 230 VAC $10%, 50/80 Hz, 5 wafts
(HS sutfix; P-1 or A-12 option)

0- 24 VDC 120%, 4.5 watts ) suffbc

isolatec)
h. 48 VDC £20%, 5 watts, (1 suffix;
isolated))
Net Weight (Approximate):

OQutput Signals:
mA Output Drive Capabiiity
10-50 mA 3200
4-20mA 800G
2-10mA 1600Q
1-5mA 32000
02-1mA 168.0000
Outpat impedance
2-10VDC 5000
15VDC 2500
0.211VDC S0
0-100 MVDC sQ
0-10 mVOC 0.5a
Any ol the sbove ranges can be 2er0 besed.
Lead Compensation Ervor: .
Lead Resisiance (0) x 1% mum
This error may be nulled by zero
adustment.
Controls: multiturn zero and span
potentiometers
Ordering Information:
See page 7.56, 7.67
Dimenslona:
Sue page 7.58

SC-1300R Connections

3.4 bs. (1.54 kg)

Encl

8. single unit surface mount [standard)
b. P-11, high density, 18* rack mount

access terminal

(with rear blocks}
L6 A2, deorsﬂy 16" rack and

suhcanwu(wihtanmeoss
terminal blocks)

d. NEMA 4 and 12 ffrom one 10 24
units)

)
explosion-proof single unk, FM
‘Wwaa:‘qut.

Groups C and D
High Load Drive Option (HO):
mA Output Drive
10-50 mA 8000
4-20mA 18000
2-10mA 3200Q
15mA 64000
0.2-Y mA 32,0000

Note: any analog output mey siso be
2ero basect

True Voltage Output Option (VO):
Minimum Orive

1500

2.Cless 1,

Grupscal}aasu GoupsE.F&G.
ek explosion-proof fecyired

umm

CSA spproved for ordinary locations, alt
Uik types with either 117 VAC, 24 VOC
Isolgted or 24 VDG non-isolatad power
versions.

8C-1372 andk(’:-ia" Connections

7.44
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Product Data Sheet

For Flow, Level, and Pressure
Measurement

PERFORMANCE

Industry's best total performance of 0. 15%
maximizes loop performance

Five year stabilily of 0.125% dramatically
reduces calibration and maintenance costs

Faster dynamic response performance
reduces process variability

100:1 Rangeability reduces inventory costs

COMPLETE POINT SOLUTIONS™

Compact, lightweight Coplanar™ design
optimizes performance and minimizes on-
site inventory requirements.

integral mount manifold Model 305/306 can
save over 20% on installation costs by
allowing Rosemount Inc. lo install, leak
check, and calibrate the transmitter/
manifold system. ’

Model 1199 “tuned” direct mount diaphragm
seals can save over 20% on procurement
and installation costs, while improving
performance and response time over 10%.

Integral mount Annubar”™ flow element can
save over 50% on installation costs by
sallowing Rosemount Inc. to assemble, leak
check, and calibrate the flow meter system,
and by reducing pipe penetration.

Direct mount Hookups™ system for flow and
fevel installation can reduce purchasing
specification and installation cost 30%, and
reduce maintenance over 20%.

PATHWAY TO THE FUTURE

* Plantweb™ architecture, enabled with
HART® or Founpation ' fieldbus,
increases access to field information to
improve plant performance

» Asset Management Solutions (AMS) plant
management sofiware cuts costs by
streamlining maintenance tasks

» Provides & platform for advanced
diagnostics and “control anywhere”

 Continuous design improvement assures
superior performance and savings

The World's Best Transmitter Keeps Getting Better...

o Total Performance mproved 2X
o Stabllity Improved 1.5X

ROSEMOUNT

<l

FISHER-RDSEMOUNT Managhng The Process Bettec
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Mode! 3051 Transmitter for Flow, Level, and Pressure Measurement

The Model 3051: Superior Performance

A TRADITION OF EXCELLENCE

With the introduction of the Model 1151 Pressure
Transmitter in 1969, Rosemount Inc. established
itself as the industry leader in transmitter
technology. The Model 1151 transmitter introduced
revolutionary process control technology with the
capacitance sensor, a new and highly accurate
method of measuring pressure.

Rosemount Inc. invented HART communication
protocol, which is used in over 70% of smart field
devices. Carrying this tradition into the 1990s and
beyond, Rosemount Ine. continues to offer improved
performance, economical upgrades, and advanced
diagnostic systems (such as AMS Performance”™
software), and Rosemount Inc. is the first in the
process control industry to install FOUNDATION
fieldbus networks.

THE MODEL 3051 TRANSMITTER:
CARRYING ON THE TRADITION

With the introduction of the Model 3051 transmitter
in 1988, Rosemount Inc. continued its tradition of
exccllence. The Model 3051 transmitt establishod
& new atandard of perfor With its p

Coplanar platform and Rosemount Complete Point
Solutions™ package, the Model 8051 transmitter
offers the most advanced measurement capabilities
available. Today, the Model 3051 transmitter is the
world’s most popular flow, level, and pressure
transmitter with over one million sold. The key to its
unparalleled success Les in the ability of
Rosemount Inc. to consistently meet and exceed
customer needs in performance, value, and
continuous improvement.

Value

The Model 3051 transmitter yields a high return on

investment in several ways:

Five year stabllity without calibration

reduces maintenance costs by approximately

$140.00 per point per year.

Tota! Performance of 0.15%

reduces process variability and manufacturing eosts

and can increase profitability up to 30%.

Rosemount Complete Point Solutions

provides complete factory-calibrated, pressure-

tested, configured measurement systems right out of

the box. Just install, and the Model 3051 transmitter

i8 ready to go to work for you.

The Coplanar Platform

reduces parts costs and spares inventory by reducing

the total number of parts needed for installation and

operations. Versatility is inherent in the Model 3061

Coplanar platform design. Customers choose ths

sensor module, process connection, remote seal, and
primary element that best fits their need, assuring

Complete Point Solutions every time.

Compatibility

with advanced diagnostic tools such as Plantweb

field architecture, AMS software, and FOUNDATION -

fieldbus provide additional paths to process control,

increased uptime, and increased profitability.

Continuous Improvement: An Investment
in the Future

Upgradeable technology and continuous design
improvement assures that the Model 3051
transmitter is ready to work for you now and

in the future.

Save Money with Better Performance!
The industry-leading performance of the Mode! 3051 transmitter helps reduce process variability,
allowing you lo shift your set point closer to where you really want . This can reduce scrap cost,
improve quality and productivity, and in the end, save you money

3051-3081_15A
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Rosemount Inc.

Specifications

PERFORMANCE SPECIFICATIONS

Tola! Performance Is based on emors of
temperalure effect, and static prossure effact.

For detailed performance specifications, see page 14,

ambient

R M.odel 3051C (Ranges 2—‘5]! Mode! 3QS1§' P

Reforence Accuracy
+0.076% of span.

ed!
Total Performance ™"

+0.15% of span for x50 °F (28 °C) temperature
changes, up to 1000 psi (6,9 MPa) line pressure (CD
only), from 1:1 to 5:1 rangedown.

stabilty 0%

+0.125% of URL for 5 years for =50 °F (28 °C)
temperature changes, and up to 1000 psi (6,3 MPa)
line pressure.

Dynamic Performance
Total Response Time (Ty + T,)
100 ms

i Model 3051CD, LowiDraft Range (Ranges D-1)*

Reference Accuracy
+0.10% of span.

Stability
+0.2% of URL for 1 year.

.~ Model 3051P—Referénce Class

Reference Accuracy
+0.05% of span.

wedt
Total Performance W0P™

0.1% of span for 50 °F (28 °C) temperature
changes, up to 1000 psi (6,9 MPa) line pressure, from
1:1 to 5:1 rangedown.

Stability wnproved!

+0.125% of URL for 5 years for +50 °F (28 °C)
temperature changes, and up to 1000 psi (6,9 MPa)
line pressure.

Dynaric Performance
Total Response Time (Tyq + Te)
100 ms

. Model 3081 L—Liquid Level | - 1

Reference Accuracy
£0,075% of span.

Modél 3051H-High Prbc_e,s?‘fe'tqpera.tu‘ré:x,l :

Reference Accuracy
+0.075% of span.

Stability
+0.1% of URL for 12 months for Ranges 2 and 3.
x0.2% of URL for 12 months for Ranges 4 and 5.

Rosemount Conformance
to Specifications

‘When you buy 8 it u can be
uansmmm that nol only meels, but mosl hkely gmaﬂy excaeds me pumshed

s(a(vsncal ptocsss control providas specif fcation oonlom!ance 1o at least 311,
ensures that product design,

process, we sre able to reduce product vaniability, and our speuﬁcahons have
ha

you are gelting &

relnabihty and pedo'mance get bensx every year. By focusing on our manufacturing

improved eccardmgry The Model 3051 P ve impy
every year since introduction in 1888,

While most of these changes do not affect ils outward sppearance, all of the
changes lncrease the value of each Modet 3051 transmitter shippod. The

mean value of 8 normai distndution.

that nc. ships will be even betler then units
shipped today. The result: you always get the best passible transmitter lrom
Rosemount Inc.
(1) Sigma(o)isa symbol to the d trom the

Lower Upfr-r
Specification Specification
mi — Limit

3051-03788
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Mode! 3051 Transmitter for Flow, Level, and Pressure Measurement

DETAILED PERFORMANCE
SPECIFICATIONS

Zero-besed spans, reference condions, slicone ol &, 318 3ST lecleting
diaphragms, 420 mA 8nalog Oulput, and digaal rim velues squel 1 the
apen selpoints,

Reference Accuracy

Stated reference sccuracy includes hysteresie, lerminal-based lnearky,
setabiiily; and repestebiky.

3051CD Ranges 2-5 and 3051CG

20.075% of span.
For spans less than 10:1, accuracy =

s{om + o.oos(g.:% % of Span

3051CD Range 1

£0.10% of span.
For spans less than 15:1, accuracy =

:[o.ozs + o.oos(%‘)]% of Span

3051CD Range 0

£0.10% of span.
For spans less than 2:1, accuracy =
20.05% of URL.

3051T/CA Ranges 1-6

20.075% of span.
For spans Jess than 10:1, accuracy =

{o.wvs(s‘-”;‘:-ll:\) % of Span

3051CA Range 0

20.075% of span.
For spans less than 5:1, accuracy =

z[oms + o.ox(s‘;’—::—ﬁ)]% of Span

3051H/3051L

20.075% of span. For spans less than 10:1,
accuracy =

:{o.ozs + o.oos(%:—';) % of Span

3051P
+0.05% of span.

Amblent Temperature Effect
per 50 °F {28 *C)

3051CDICG
2(0.0125% URL + 0.0625% span) from 1:1 to 5:1
£(0.025% URL + 0.125% span) from B:1 o0 100:1

14

Range 0: £(0.25% URL + 0.05% span)
Range §: 2(0.1% URL + 0.25% span)

3051P
+(0.006% URL + 0.03% span)

3051H
£(0.025% URL + 0.125% span + 0.35 inHz0)

For spans below 80:1 rangedown:
2(0.035% URL + 0.125% span + 0.35 inH20)

3051L ~
See the Rosemount Instrument Toolkit ™ or
SOAP 2000 software.

30547 and 3051CA
2(0.025% URL + 0.125% span) from 1:1 to 30:1
2(0.035% URL + 0,125% span) from 80:1 to 100:1

Range 0: 2(0.1% URL + 0.25% span)
Range 5: £(0.1% URL + 0.16% span)
Mode] 3051T Range 1:

+(0.025% URL + 0.125% span) from 1:1 to 10:1
+(0.05% URL + 0.125% span) from 10:1 to 100:1

Static Pressure Effect
per 1000 pst (6,9 MPa)

3051CD

Zero Error (can be calibrated out at

fine pressure) .

20.05% of URL for line pressures from 0 to 2000
psi (0 to 13,7 MPa)

Fuor static pressures above 2000 pei (13,7 MPs),
see user manual (Rosemount publication number
00809-0100-4001)

Range 0: £0.125% of span/100 pai (689 kPa)
Range 1: £0.25% of URL

Span Error
20.1% of reading

Range 0: £0.125% of span/100 psi (689 kPx)
Range 1: 20.4% of reading

3051P

Zero Error {can be calibrated out at
fine pressure)
£0.04% of URL

Span Emor
20.10% of reading
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Rosemount Inc.

3051HD

Zero Error {(can be calibrated out at

line pressure)

20.1% of URL for line pressures from 0 to 2000
psi (0 to 18,7 MPg)

For static pressures above 2000 pei (13,7 MPa),
see user manual (Rogemount publication number
00809-0100-4001)

Span Error
20.1% of reading

Dynamic Performance

Dead Time and Update Rate applies to all models
and ranges, analog output only.

Dead Time (Ty): 45 milliseconds (nominal)
Update Rate: 22 times per second
Total Response Time (Tg+ T):
so051C/P
100 milliseconds for ranges 2-5
255 milliseconds for range 1
700 milliseconds for range 0
30517
100 milliseconds for ranges 1-6
3051H/3051L
Consult factory

Transmitter 4-20 mA Output va, Time

Pressure Relsased

LJ?"--T'- 'o® Dead Time
<™ Time Constant]

Response Time = T2 T,

20mA

Step Change

AmA

B Time
FIGURE 3. Typical Smart Transmitter Response Time

Mounting Position Effects

3051C/P .
Zero shifts up to 21.25 inH,0 (0,31 kPa), which
can be calibrated out. No span effect.

3051H

Zero shifts up to 25 inHy0 (127 mmH30), which
can be calibrated out. No span effect.

63.2% of Total ]

3051 .

With liquid level diaphragm in vertical plane,
zero shift of up to 1 inHg0 (25,4 mmH30).

With diaphragm in horizontal plane, zero shift of
up to 5§ inH,0 (127 mmH;0) plus extension
length on extended units. All zero shifts can be
calibrated out. No span effect.

3051T/.CA
Zero shifts up to 2.5 inH 0 (63,6 mmH,0), which
can be calibrated out. No span effect.

Vibratlon Effect

All Models

Measurement effect due to vibrations is nepligible
except at resonance frequencies. When at resonance
frequencies, vibration effect is less than 20.3% of
URL per g when tested between 15 and 2000 Hz in
any axis relative to pipe-mounted process conditions.

Power Supply Effect

All Models
Less than 20.005% of calibrated span per volt.

RFI Effects

All Models

10.1% of span from 20 to 1000 MHz and for field
strenth up to 30 V/im.

Transient Protection (Option Code T1)

All Models
Meets IEEE Standard 587, Category B

1 kV crest (10 x 1 000 microseconds)
8 kV crest (8 x 20 microseconds)
6 kV crest (1,2 x 50 microseconds)

Meets IEEE Standard 472,
Surge Withstand Capability

SWC 2,5 kV crest, 1 MHz wave form

General Specifications:

< 1 nanosecond

£000 ampe to housing
Peak Transient Voltage 100 Vdc

Loop Impedance < 25 chms

Applicable Standards IEC 801-4, IEC 801-6

Note:
Calibrations at 68 °F (20 *C) per
ASME 2210.1 (ANSD.
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Mode! 3051 Transmitter for Flow, Level, and Pressure Measurement

FUNCTIONAL SPECIFICATIONS
Range and Sensor Limits

TABLE 1. Mode! 3051CD, 3051CG, 3051F, 3051L, and 3051H,Range and Sensor Limits
Minlmum Span g Rangs and Sonsor Lim |

Ppe! i
[ 1P| L URL) ;-
0.1 K0 o |30

—S0inh0 ) R A "

o “esea sor | omor | M A Mol m '“ "‘
08 0 2500 | 250 ’
Voo | ™ | eoe || w "y [ ™ [ nA

25InH0 | 26inH 0 | 250 nH0 | -260inH,0 | ~250InH;0 | -250 -250 =260 ~250 InHz0 1 -2%0
2 (0.62kPs) { (6.22kPa) { (62.2kPs) | (~-82.2 kPu) [ (~82.2kPs) (—62.:;23 (-612.:23 (-cz.;:h“)’ {-62.2 kPu) Hu%

10InH0 | 100 IH,0 | 1000inH,0 [ ~1000inH0| OSpsla [-1000 -1000 05pels | -1000 0%
(248 kPs) | (2484Pa) | (248kPs) | (-2084Pu) |(2.5KPn abs) (-mw q-mw (2.5 kPa sby) [-z«.::‘), n.sw'::u)

gl 30 pst 300 ps! -300 psl 05psla =300 pet ~300 psi 0S5 peia 00 pei 08 psia
{20,7 kPs) | (207 &Pu) | (2 070 kPu) | (~2 070 kPs} | (3.5 kP» abe) | -2 070 kPa) | (~2 070 kPs) | (3.5 kPa sba}| (-2 070 kPs) | (3.5 kPa sba)

s 20 psi 200 pad 2000pst | - 2000 psi 0.5psia - 2000 ps} A N - 2000 p3j 08 psia
(138 kPu) | {1 380 kPu) [{13 800 kPa)} {-13 800 kPa)|{3,5 kPs abs) |{~13 800 kPa)] {~13 800%Pg)| (3.5 kPa abs)

Zsro and Span Adjustment Requirements
TABLE 2, Model 3051CA Range and Sensor Limits  Zero and span values can be set anywhere
K -.. Rangt and Séasor Limits 3 within the range limits stated in Tables 1-3.

® Span must be greater than or equal to the

Minimum 5 .
S Span RE) minimum span stated in Tables 1-3.
H 0.167 ptia 8 psin 0 peia Servic
(] e
{8,8 mmHga) {260 memige) {0 mmHga) < .
; o3 o % pea Opits Liquid, gas, and vapor applications.
@07 kPy) (205.8kPs) {0 kPe) 4-20 mA (Output Code A)
2 1.5 pela 150 psis 0peia
(10,34 kPy} {1 034.2kPs} (0 kPa) Output
Y™™ 800 peia Open Two-wire 4-20 mA, user-selectable for linear or
3 (55.16 kPy) {5 5158 kPu) (04Pa) square root output. Digital process variable
wpea | 4000 Opeie superimposed on 4-20 mA signal, available to
4 (2758 XPw) (27 580 kPw) 0 kPe) any host that conforms to the HART protocol.
Power Supply
TABLE 3, Mode).3051T Range and Sensor Limits External power supply required. Standard
K g on - B transmitter (4-20 mA) operates an 10.5 to 55 Vdc
with ne load.
Load Limitations
Maximum loop resistance is determined by the
™) vaoltage level of the external power supply, as
2 kPs) 101 kPa) described by:
2 1508 150 pal Opsis —14.7 poig MRxx. Loep Reslsiance = 43 (Power Supply Volage -~ 90.6)
(10%Ps) (1 034 kPa) (0%Ps) (=101 kPs) Pl L
8psi 800 pai Opeia ~14.7 poig 19001 supply st not
31 @sxee) (5 516 iPs} (0 kPs) 101 Pu) o] M/mm'
A 40 pal 4000 psi O pela ~14.7 palg o:. ting
RI6KPa) | (27 679 kP) (0 kPo) 101 kPa) ! 900 egfon
s| 20000ps 10000 pst 0 paia 147 peig .
(13700 kPa) | (68948 kPu) (0 kPs) 101 kPa) 3 ¢ 20 «& =
(1) Assumes pémospheric pressure of 14.7 pelg. Voltage ‘vﬁé‘ '
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NUCLEAR MANAGEMENT COMPANY
PALISADES NUCLEAR PLANT
DOCKET 50-255

October 6, 2003

LICENSE AMENDMENT REQUEST: INCREASE RATED THERMAL POWER -
REFERENCE 9.10: EA-RCH-01-05, “Calculation of Chapter 14 Safety Analysis
Parameter Changes Due to FC-977 Power Uprate,” Revision 1

36 Pages Follow
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EA-RCH-01-05
PALISADES NUCLEAR PLANT
ENGINEERING ANALYSIS COVER SHEET
Total Pages 38 |

Title:CALCULATION OF CHAPTER 14 SAFETY ANALYSIS PARAMETER CHANGES DUE TO FC-877 POWER
UPRATE

ITi; TION AND REVIEW

Calcufation Prefiminary Pending Finat Superseded
Status X
Technically
Initlated Review Method Reviewed ﬂf_’y
Init, Detalle Rewr. | SDR
Appd. | Altemate ¢ Qual Appd. | Appd.
Rev. Description By Date By Calc Review | Test By Date By By
R.C. Harvill 82772001 | RSH X A $/27/2001
0 Original lssue Meincke
New MFW R 7
I L 2 A il i -~ gt | e | P2
PURPOSE:
1) To identify and quantify all safety analysis inputs that are affected by the 1.4% power uprate associated with
FC-977
PROCEDURE UTILIZED:
Admin 9.11
SUMMARY OF RESULTS:

The proposed power uprate impacts several plant parameters that are inpuis into safety analysis. The
gffected parameters are listed below with their values at 100% power and at 101.4% power.

100% 101.4%
Reactor Power 2530 MW, 2,665.4 MW,
Cold Leg Temperature §37.3°F 537.0°F
Hot Leg Temperature 582.7°F §83.0°F
Steam Generator Pressure 770 psia 765.8 psia
Main Feedwater Temperature 439.5°F 440.7°F
Main Steam Flow 11.114 MbMr 11.297 Mib/hr
Main Feed Flow 11.174 Miby/tr 11.357 Mib/hr
Steam Generator Liquid Inventory 133,593 Iby, 132,631 b,
Steam Generator Vapor Inventory 8,545 iby, 8,534 b,

This calculation is to be considereg Pending untll the predicted parameters can be validated followin
implementation of the power uprate.

SPECIAL MEDIA ATTACHED (DRAWINGS, MICROFICE, MAGNETIC TAPE, ETC...)

A _NO___ Yes- 0 ments inciudead. PR@@gng

AUG 1 & 2002
ERC-PAL
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10 OBJECTIVE

" As a resut of uncertainty in thermal power measurement, the NRC established a 2% margin in Appendix K. The
thermal power measurement equipment currenlly installed in nuclear plants is far more accurate than 2%. The
NRC s permitting plants fo execute small power uprates based on the difference between the 2% marginand the |
justifiable accuracy of the instrumentation (Reference 1). It s Palisades’ intention to perform a 1.4% power uprate
(FC-877). The objective of this analysis Is to identify and quantify all safety analysis inputs that are affected by
this modification.

re, dul 001 Refueling Outage, the Palisades ressure turbine was replaced. After start
th sulted in nsistently elevated Main Feadwater temperature in excess lemperature predicted
te itions. The prima ose vision 1 is to calcufate 8 new Main Feedwater rature for

uprate conditions. A secondary purpose is to correct an incorrect assumption. In Revision O of fhis analyisis,
sumption 3. ted that ressurizer proportional heaters gre assumed to ) i

Assumption 3.10 stated that “The pressurizer proportional heaters gre assumed to be 50% energized.
Discussions with an SRO indicated that while the proportional heaters gre almost always energized, at 2060 psia

I of the proportional heaters gre energized.” This assumption in that all of the heaters
imost always energized and th means sure Is urizer § A

20 REFERENCES

Small Power Uprates Under Appendix K - Benefits and Considerations, EPRI Technical Report, November 2000.
Palisades Updated Final Safety Analysis Report, Revision 22.
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2
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-4, ASME Steam Tables, Fourth Edition, 1879, The American Soclety of Mechanical Engineers, New York.
5 Marks' Standard Handbook for Mechanical Engineers, 10™ Edition, McGraw Hill, Boston, 1896.
6

Letter from J.C. Lowry to P.W. Wellhouer, Palisades Repiacement Steam Generator Parameters, ATH-89-238,
November 1, 1989.

7. Letter from G.E. Jarka (Palisades) to R. Wescott (Siemens Power Corporation), New PCS and Core Flow
Assumptions, GEJ97*17, October 24, 1897.

EA-PPD-00-01, Revision 1, Palisades Cycle 16 Principal Plant Paramaters.
Letter from T.A. Garvin to Burt Stacks, HP Turbine Replacement - Thermal Kit, February 21, 2001.
10.  Letter from T.A. Garvin to Burt Stacks, HP Turbine Replacement — Correct 100% HB and Carrection Curves, May

1, 2001.
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Flowrate due to Secondary System Chan Resuttin High Pressure Turbine Replacement.

3.0 ASSUMPTIONS
3.1 Maijor Assumptions

3.1.1 The PCS temperature differential across the core is assumed to be the difference between hot leg temperature
and >old leg temperature.
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.

313
314

3.15

3.1.6
317

319

3.2 Minor Assumptions

.2
.2

4.0
4.1
4.2
43
44
4.5

4.6

4.7

Primary coolant leaving the reactor is assumed not to cool down on its way to the steam generator. Hence, the |
PCS temperature entering the steam generator Is the same as hot leg temperature.

PCS mass flow is assumed to be equally divided among the PCS loops. |

Whille the overall steam generator u-tube heat transfer coefficient may vary slightly with a change in power, |
Palisades does not have the capability to model the change. Because a 1.4% increase in power is small, the
change In heat transfer coefficient is small. For the purpose of this analysis, the overall heat transfer coefficient is
assumed to be a constant.

Steam generator pressure at 100% power Is assumed o be 770 psia. It s listed as 770 psia in Table 4-4 of |
Reference 2 and in Reference 3. However, a review of plant operating records indicates that steam generator
pressure typically is between 780 and 780 psia._This considered to be a proble use the current

steam generator tube plugging is between 4% and §%. Safety analysis credits 15% tube plugqing. The
saturation temperature assoclated with 770 psia is 513.8°F (Reference 4).

Primary Coolant Pump power Is assumed to be unchanged by the power uprate.

Steam Generator Blowdown flow Is assumed to be at is maximum allowed value and at saturated conditions.

The pressurizer proportional heaters are assumed to be 100% energized. Discussions with the Primary Coolant
system enaineer indicated that the proportional heaters are almost always energized.

In the heat balance used to calculate the new Main Steam and Main Feedwater flows, amblent heat losses and |
losses to tie Non-Regenerative Heat Exchanger in the CVCS system are not modeled because they are not
modeled in Reload safety analyses.

i edwater {s assumed eam Generator pressure.
le the ific heat capaci of primary coolant is modarately tempera dependent ssumed fo be
tant for the e s calculation.

INPUTS
100% reactor power is 2530 MW, (Reference 2, Table 4-1).

At 100% power, Tave, Tcoe 8nd Ty &re 560.0°F, 637.3°F and §82.7°F, respectively (Reference 2, Figure 4-8).

At 100% power, the programmed pressurizer level Is 57% (Reference 2, Figure 4-10).
The power associated with all four primary coolant pumps is 15 MW, (Reference 2, Table 4-1).

The power associated with the pressurizer back-up heaters is 1,350 kW. The power assoclated with the
pressurizer proportional heaters is 150 kW (Reference 2, Section 4.3.7).

Steam Generator maximum blowdown flow at 100% power is 30,000 tb/hr per steam generator (Reference 2,
Section 10.2.1.5).

The conversion factor from MW, to BTU/Mr is 1 BTUMr = 0.293 W (Reference 5).
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48 The enthalpy of Main Steam at the pressure calculated in Section 5.4 is 1200.3 BTU/b,, (Reference 4).
49 The enthalpy of Blowdown at the pressure calculated in Section 6.4 Is 503.7 BTUNb,, (Reference 4).

410 The enthalpy of Main Feedwater at the pressure calculated in Section §.5 (Minor Assumption 3.2.1) and at the
temperature determined in Section 5.6 Is 420.1 BTUMb,, (Reference 4).

4.11 The liquid mass of each steam generator is 203,783 Ib,, at 0% power and 133,593 b, at 100% power. The fotal
mass inventory of each steam generator Is (Reference 6)

% Power Total Mass (ib)
0 210,759
25 188,925
50 168,583
75 163,910
100 142,138
4.12  The Main Feedwater temperzture at 1 r, 2030 MW._ is 439.5° eference 12).
4.13 Attachments 1 through 7 show the behavior of Main er temperature during Uitrasonic Flowmeter
ction factor implementation for following dates: July 14, 2000; ust 10, 2000; te 22, 2000;
November 1 . February 6 1; Ma 001;_and February 20, 2002. These dates represent the times
i - past ars_in which UFM correction factors were implemented from an rected state. The
sis for th st t that vallable data on the Plant P puter.

50  ANALYSIS
51 Calculation of Reactor Power

As discussed in Input 4.1, reactor power is 2530 MW, at 100% power. The power uprate calls for a 1.4% increase
in reactor power. The resulting power Is 2565.4 MW,.

52 Calculation of PCS Temperatures

One option to address the impact of the power uprate on PCS temperature is to finearly extrapolate the PCS
temperature curves of Reference 2, Figure 4-0, from 100% power to 101.4% power. Because this would require
changing the plant’'s PCS temperature program as a function of power and could impact the rigk level of Alloy 600
nozzle cracking by increasing hot leg temperature, the decision was made to leave the temperature programming
s it currently is. However, Teus 8nd Tie Will change as a result of the increase in core differential temperature
associated with an increase in core power without an increase In core flow.At 100% power, Teay and Ty are
537.3°F and §82.7°F, respectively (Input 4.2). The core differential temperature at 101.4% power is

101.4% (1
(ATcore horax = TOTG(T""‘ = Toois Joo -
Cold Leg Temperature at 101.4% power is
2

(ATco horax = %ATCwe +Tave-

Hot Ley Temperature at 101.4% power is

LRGP LA S WA WP AR DA OF 10 L PR

L abadits wbibial
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1
(ATt horex = Tave —EATC,,,,.

Use of [1), [2] and [3] yields Tews @nd Ty of 537.0°F and 583.0°F, respectively, at 101.4% power.
53 Determination of Maximum Core Inlet Temperature

Per Reference 7, the maximum core inlet temperature allowed by the Ty LCO equation is 543.64°F. Palisades
Safety Analysis assumes a8 maximum core inlet temperature of 544°F (Reference 8). From Section 5.2, the
power uprate decreases Teyg from 537.3°F to 637.0°F. The maximum inlet temperature assumption remains
bounding.

54 Determination of Pressurizer Leve!

Because of the decision not to modify the PCS temperature curves as a result of the power uprate, It is
appropriate fo maintain Pressurizer level programming as is. Hence, Pressurizer leve! at 101.4% power ks
unchanged from the 57% level at the current 100% power (Input 4.3).

55 Calculétion of Steam Generator Pressure and Temperature

Heat transfer from the primary coolant to the steam generator is

Qs =UA(Tec - Tsg). M
where Qsg is the heat transfer rate from the primary coolant to the steam generator, U is a heat transfer
coefficient, A is the heat transfer area, Tpc Is average temperature of the primary coolant passing through the
steam generator and Ts; Is the temperature of the steam generator water. The average primary coolant
temperature used in this calculation, as opposed tc the industry standard Tag, is

7. = Tsan *Tscou : : (5]
FC 3 .

where Tsqr, Is the temperature of the primary coolant entering the steam generator and Tggox Is the temperature
of the primary coolant leaving the steam generator. As discussed in Malor Assumption 3.1.2, Tsqn Is the same as |
Tux- Tscou, however, is not identical to Teus because there is heat addition from the primary coolant pumps. Itis

Tsgout = Tcaw = ATpcps Bl

where ATgce Is the change in PCS temperature due to heat addition from the primary coolant pumps. The
relationship between reactor power and core differential temperature Is

Qry = M, (Thot ~ Toour ) Ul
where Qg is the 100% reactor power of 2530 MW (Input 4.1), m1 Is the flow rate of PCS water through the

reactor and ¢, is the specific heat capacity of the PCS water (Minor Assumption 3.2.2). Likewise, the relationship |
between coolant pump power and pump differential temperature k

Qecp = M, (Tocron — Trcpin)s 1]

where Qgcr Is the primary coolant pump power of 15 MW (Input 4.4), m is the flow rate of PCS water through the
reactor coolant pumps (Major Assumption 3.1,3). Trcrax Is identical t0 Ty, @nd Tecen Is identical to Tecow. |
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5.6

Because the collective flow rate through the coolant pumps is identical to the flow rate through the reactor and
because heat capacity is assumed to be & constant,

(mcp )R,, = (ﬁTC,, )pcp =k, 9]
where k is a constant. [7] and [8] can be ratioed to become

Qe _ (Tt = Teoie) ' [10]
Qpcr  k(Trcpout - Trcrin)

With substitution and simplification, {10] becomes

(11)

Q
Tsoau = Teas =g~ (Thoe ~Toou)-

Application of a ratio of 101.4% power and 16J% power to [4] vields

[Qss ]1;11.49_5_ - [UA(Tec - TseJhorax ' 12}
Pscloox  WATec - Tsa oo

A is a constant because heat transfe: area is not affected. As discussed In Major Assumption 3.1.4, Uis |
assumed to be a constant. [12] simplifies to

[Tse horax = [Techiorax = 1014 * [Tec = Tsg bioox - [13]

Application of Inputs 4.1, 4.2 and 4.4 to [11] yields a Tsgae Of 537.0°F at 100% power. As discussed in Major
Assumption 3.1.2, Tsan, is the same as Ty, 582.7°F at 100% power. From [5], Tec Is 559.9°F at 100% power. As
discussed in Major Assumption 3.1.5, Tsc Is 513.8°F at 100% power. Application of Major Assumption 3.1.6 and
the results of Section 5.2 to [11] yields & Tsgar Of 536.7°F. From Major Assumption 3.1.2_and the results of
Section 5.2, Tsey, Is 583.0°F. From [5], Tec is §59.8°F. Application of [13] yields a Tss of 513.2°F. From
Reference 4, the corresponding saturation pressure is 765.8 psia.

Determination of Main Feedwater Temperature

As discussed in Input £.12, the Main Feedwater temperature is 439.5°F at 100% power, 2530 MW. Revision 0 of
this_analysis had predicted mperature of 438.5°F, which Is an obsolete value. The means of ictin

increase in Main Feedwater temperature as a result of the 1.4% uprate relles on Main Feedwater temperature
havior n Ultrasonic Flowmeter (UF ion factors are implemented. At plant start FMs
uncorrected that th ion factor is 1.00. lication of ction factor of 0.986 reduces indicated
Main Feedwater flow by 1.4% and results in calculated calorimetric power being reduced by 1.4%, permitting &
1.4% (1. 086 = 1.014 ase in ctor power, Comparison of Main Feedwater temperature before end
fter implementation of the UFM correction factor allows for icti ain Feedwater temperatu havior
s & result of a 1.4 er uprate. As discussed in Input 4.13, data is_available arding Main Feedwater
tem ture before and afier a UFM correction factor implementation. The data are sho ble below.
ach date has sets of data. Th r set is for the “A” Steam Generator, he r s6 or the "B

Steam Generator. Note that only once in this data set has 8 UFM been corrected to 0.886.

Dato MFW Temperature (Before) | MEW Temperature (After) | Difference | Cormrection Factor

| .luly 14, 2000 432.3 434.1 0.984
4324 434.5 981

BEl

August 10, 2000 431.8 433.6 0.984
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4319 4336 1.7 0.681

September 22, 2000 | 432.3 433.9 16 085

4324 434.0 16 0.982

November 1, 2000 4323 432.5 02 0.985

4325 4327 0.2 0.982

February 6, 2001 429.2 434.0 48 884

429.5 434.3 48 0.882

May 25, 2001 437.5 438.7 12 0.989

437.9 4392 12 0.983

February 20, 2002 438.0 439.2 12 0.986

438.2 439.4 12 0.983
The data from November 1, 2001, represent & situation in which reactor power was not increased to the new
100 following _implementation of UFM comection facto ata from Febnusa 001 represent a

ituation _in ower was 96. 3 lementation of ction factors and 99.6% foll

implementation. The rise in S in xcess ulti ignificant difference ain er
rature before and r im Iementatnon UF ion factors. one time, February 20 2, that
the correction factor was 0.986, the change in Main Feedwater temperature was 1.2°F, tho same change seen
when g comection factor of 0.989 was mglemented on May 25, 2001 mne the analyst would mect mg change

in te arature °F for g e ct D.88 3 0 3 0
9 s 1.8°F, and the change ion factor 885 was 6° he nl int ava‘!able shows
e 2°F. For wis reaso redicted increase in Main Feedwater temperature dus to 8

1 r e F, resulti ain Feedwater temperature 0.7°F

Caiculation of Main Feedwater and Main Steam Fiow Rate

To obtain the Main Steam and Main Feedwater flows at 101.4% power, a mass balance and an energy balance
must be performed. The fundamental equation for elther balance is

Input - Output = Storage . [14]

For a steady state system, the storage term Is zero. For the mass balance, the input is Main Feedwater flow,
m 4 The output terms ere Main Steam flow, m,,, , and Blowdown flow, #,,, (Major Assumption 3.1.7). Hence,
the mass balance Is

n.’m-mm —mw =0. (15]

For the energy balance, the inputs are Reactor power, Pry, the Primary Coolant Pump power, Ppce, the
Pressurizer proportional heaters’ power, Ppzz, and the energy associated with the incoming feedwater. The
outputs are the energy assoclated with the outgoing steam and blowdown flow. The energy balance Is

PRX +Ppcp +Pm +'hmhfw —mmhm —’hwhw =0. “61

From [15] and [16], the reactor power calculated in Section 5.1, the pump power of Input 4.4, the pressurizer
heater power of Input 4.5 and Major Assumption 3.1.8, the Blowdown flow of Input 4.6 and Major Assumption
3.1.7, and the enthalples of Inputs 4.8, 4.8 and 4.10, the Main Steam and Main Feedwater flows are calculatedas
follows:
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(60,000 tbm/ hr)(503.7 BTU/ tbm - 420.7 BTU / bm) - un
e = (2530 MW + 15 MW +1.5 MW )1 BTU/6m /0.293 wio® wimw)
sm = 420.7 BTU/ 1bm - 1200.3 BTU/ bbm *
=11297,000 ibm / hr
and
1y, =11297,000 lom ! hr + 60,000 Ibm / hr = 14375000 bom/ hr, [st

Determination of Steam Generator Mass Inventory

The vapor mass inventory of each steam generator is the difference between the fotal mass inventory and the
liquid mass inventory. From Input 4.11, the vapor mass inventory is 6,876 b, for 0% power and 8,545 b,, for |
100% power, and the fiquid mass inventory is 210,769 tb,,, for 0% power and 142,138 bb,, for 100% power. The
steam generator mass Inventory Is 6.01% vapor at 100% power and 3.31% vapor at 0% power, with the vapor |
percentage increasing af a rate of 0.027% per percent power. As discussed in Section 6.5, steam generator
pressure decreases from 770 psia to 765.8 psia and temperature decreases from 513.8°F to 513.2°F. At 770
psia and 513.8°F, liquid denstty is 48.17 ib/ft® and vapor density is 1.69 b/it*. At 765.8 psia and 513.2°F, liquid
density is 48.20 Ib/ft® and vapor denstty is 1.68 | . At 100% power, the vapor volume iIs 5,056.2 fi, and the
liquid volume is 2,773.4 ft*. The total volume is 7829.6 fi*. At 101.4% power, the steam generator mass is 6.05% I

{6.01% + 1.4 * 0.027%) vapor and 93.95% liquid._The tota! steam generator mass is

My = Mg + Mygpor = Paquia * Vigquis + Peapor * Viapor o [§1:]]
SS nsity and Vis volume. iscussed a

Mgy = 0.9395 * my,, 201

and

Myapor =0.0605 * Myyy . [211

It Is giso known that

Vitar = quw "'Vvapor s [22]
19], {20]. [21] en can mbi nto the simultaneous equations
0.8395"* My = Pirquid .quuld @

0.0605 'mm, = Pyvapor '(VW -VW))L

Using & liquid density of 48.20 n_;,,m’! a vapor density of 1.68 Ib./ft® and a total volume of 7829.6 f°, the liquid
i termined to be 2749.6 e or volume ubsequently determined e 5080

abuve volumes and densitis: liquid mass_is 132,531 Ib d the or mass is 8 bn. These steam

generator masses are expected to be the correct values at 101.4% power.
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9 isposition team Generator lation Ratio
team generator lation ratios fisted oference ere_calculated IB a.
atome_safe' lysis uses el the ary and seconda ems. T arer is
lculation has erience odeling steam rators ELAP fledtis ie for REL
uid nto r ] IBE resuits ich nt for th of Normmal
edwater_analysis sible tch rculation ratio. In addition lhe ‘ :
nim rtant rameter and, at best ht lo are lhe RELAP odel with
: i the recircutation ratio at 101.4% al

6.0  CONCLUSIONS

The proposed power uprate impacts several plant parameters that are inputs into safety analysis.
parameters are listed below with their values at 100% power and at 104.4% power.

The

ERFICTS S S

‘
[N NUE S e S TP ST S

Hachment 8 ~

i uired ments

100% 101.4%
Reactor Power 2530 MW, 2.565.4 MW,
Cold Leg Temperature 637.3°F §37.0°F
Hot Leg Temperature §82.7°F 683.0°F
Steam Generator Pressure 770 psia 765.8 psia
Main Feedwater Temperature 439.5°F 440.7°F
Main Steam Fiow 11.114 Mib/hr 11.297 Mib/hr
Main Feed Flow 11.174 Mib/hr 14.357M
Steam Generator Liquid inventory 133,593 b, 132,631 by,
Steam Generator Vapor Inventory 8,545 by, 8,534 by,
7.0 LIST OF ATTACHMENTS
Attachment 1 - P 5SS uter Pata for 000, UFM ion Factor Implementati
chment 2 - Plant P SS er Pata for st FM Cormrection m niation
ent 3 — Plant SS uter Data for September 0, UFM Correction Factor ion
Atta -P SS uter Data for mber mection r implementation
Attachment § ~ Plant Process Computer Data for February 6, 2001, UFEM Correction Factor implementation
Attac t6 — SS er Data for May 25, 200 Correction Factor implementation
ttach t 7 — Plant ss Computer Data for 20, 2 ion Factor mentatio
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Attachment 2
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