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The attached document has been mod'lfied to reflect the use of
Rosemount RTDs and is identified by the use of section, table
and page numbers followed by the letter "b". A separate

document reflecting the use of RdF RTDs has been written and
is identified by the letter "a".
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Questions:

| Provide and justify the variances and distributions for input
parameters.

- Justify that the nominal conditions used in the analyses bound all
permitted modes of plant operation.

3. Provide a Dlock diagram depicting sensor, processing equipment,
computer, and readout devices for each parameter channel used in
the uncertainty anmalysis. Within each element of the biock dia-
gram identify the accuracy, drift, range, span, operating limits,
and setsoints. Identify the overall accuracy of each channel
transmitter %o f4nal output and specify the minimum acceptable
accuracy for use with the new procedure. Also fdentify the over-
all accuracy of the final output value and maximum accuracy
requirements for each irput channel for this final output device.

Response : Rosemount RTDs
INTRODUCTION

Four operating parameter uncertainties are used in the uyncertainty ana-
lysis of the Improved Thermal Design Procedure (ITDP). These operating
parameters are pressur{zer pressure, pricary coolant temperature
(T"g). reactor power, and reactor coolant system flow. These para-
meters are monitored on a regular basis and several are used for control
purposes. The reactor power is monitored by the performance of a secon-
dary side heat balance (power calorimetric measurement) at least once
every 24 hours. The RCS flow is monitored by the performance of a pre-
cision flow calorimetric measurement at the beginning of each cycle.

The RCS loop elbow taps can then be normalized against the precision
calorimetric and used for monthTy surveiTance (witir'a small increase in

total uncertainty) or a precisiom flow calorimetric can be perforuzed on

16



e |

BROFRIETARY CLASS Ul

the same surveillance schedule. Pressurizer pressure is a controlled
parameter and the uncertainty for the Improved Thermal Design Procedure
reflects the use of the control system. Tavg {s a ccntrolled para-
meter through the use of the temperature input to the Control Rod con-

trol system; the uncertainty presented here reflects the use of this
control systen.

Since 1978 Westinghouse has been deeply involved with the development of
several techniques to treat instrumentation uncertaf nties, errors, and
allowances. The earlier versions of these techniques have been docu-
mented for several plants; one approach uses the methodology outlined in
WCAP-8567 "Improved Thermal Design Procedure'“ 2:3) ynich s based on
the conservative assumption that the uncertainties can be described with
uniform probability distritutions. The other approach is based on the
more realistic assumption that the uncertainties can be described with
normal probability distributions. This assumption is also conservative
. {n that the "tails” of the normal distribution are in reality “chopped”
at the extremes of the range, {.e., the ranges for uncertainties are
finite and thus, allowing for scme probability in excess of the range
limits {s a conservative assumption. This approach has been used to
substantiate the acceptability of the protection system setpoints for
several plants with a Westinghcuse NSSS, e.g., D. C. Cook II( ) North
Anna Unit 1, Salem Unit 2, Sequoyah Unit 1, ¥. C. Summer, and Hcﬁuin
Unit 1. Westinghouse now believes that the latter approach can be used
for the determination of the instrumentation errors and allowances for
the ITDP parameters. The total instrumentation errors presentad in this
response are based on this approach.

1I.  METHODOLOGY

The methodology used to combine the error components for a channel is
basically the appropriate statistical combination of those groups of
components which are statistically {ndepandent, {.e., not intaractive.
Thoss errors which are not {ndependent are combined aritmmetically to
form {ndependent groups, which can then De systematically combined. The
statistical combination technique v ed by Westinghouse is the [

2b



N lll
L P MR -
AW e e b . -
A

JHC® op ne instrumentation yncer.
tainties. The fnstrumentation uncertaintias are two sided distriby-
tions. The sum of both ‘sides s equal to the range for that Parameter,
€.9., Rack Drift ig typically [ ]"'c, the range for this
parameter is [ ) L This technique has been utilized before
4s noted above and has been endorsed by the suff‘s's'” and variouys
Tndustry standards‘a' 9). "3

The r-elaﬁonship between the error components and the statistical
Mstmnution error allowance for 4 channel {s defined as follows:

For parameter indication {p the racks using a DVM;
+a,c
Eq. 1
N For parametsr indication utilizing the plant process computer;
+a,c
Eg. 2
. For parameters which have control Systems;
+a,¢c
Eg. 3
where:
C5A = Channe! Statistical Allowance
PMA =  pProcass Measurement Accuracy
*  Pricary Element Accuracy

Sensor Glibration Accuracy
®  Sensor Drifs

8gg
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=  Sensor Temperature Effects

= Sensor Pressure Effects

Rack. CaTibration Accuracy

= Rack Drift

= Rack Temperature Effects

OYM = Digital Yoltmeter Accuracy

ID = Computer Isolator Drift

A/D = Analog to Oigital Conversion Accuracy
CA = Controller Accuracy

R*EXRT

The parameters above are as defined in reference 4 and are based on SAMA
standard PMC-20-1 973“0). However, for ease {n understanding they are
paraphrased below:

PMA - non-instrument related measurement errors, e.gJ., tempera-
ture stratification of a fluid in a pipe,

PEA - errors due to metering devices, e.g., elbows, venturis,
orifices,

SCA - reference (calibration) accuracy for a sensor/transmitier,
S0 - change im input-output relationship over a period of time
at reference conditions for a sensor/transmitter,

STE - change in input-output reiationship due tc a change in
ambient temperature for a sensor/transmitter,

SPE - change in {nput-output relationship due to a change in
static pressure for a 49 cell,

RCA - reference (calibration) accuracy for all rack modules in
l_oop or channel assuming the loop or channel {s tuned to
this accuracy. This assumption eliminates any bias that
could be set up through calibration of individual modules
in the loop or channel.

RD - change in {nput-output relationship over a period of time
at reference conditions for the rack modules,

RTE - change in input-output relationship due to a change in
ambient temperature for the rack modules,

DYM - the measurement accuracy of a digital voltmeter or multi-
meter on {t's most accurate appiicable range for the
parameter measured,

ab



ID - change in {nput-output relationship over a period of time
at reference conditions for a control/protection signal
{solating device,

A/D - allowance for conversion accuracy of an analog signal to
a digital signal for process computer use,

CA =« allowance for the accuracy of a controller, not including
deadband.

A more detailed explanation of the Westinghouse methodology noting the
interaction of several parameters is provided in reference 4.

111. Instrumentation Uncertainties

The instrumentation uncertainties will be discussed first for the two
parameters which are controlled by automatic systems, Pressurizer pres-
sure,. and Tavg (through Rod Control). The uncertainties for both of
these parameters are listed on Table 1b, Typical Instrumentation Uncer-
tainties.

1.b. Pressurizer Pressure

Pressurizer pressure is controlled by a system that compares the mea-
sured pressure against a reference value. The pressure is measured by a
pressure cell connected to the vapor space of the pressurizer. Allow-
ances are made as indicated on Table 1b for the sensor/transmitter and
the process racks/controller. As noted, the CSA for this function is

[ 7*2:¢ ynich corresponds to a control accuracy of r

The accuracy assumed in the ITDP amalysis is [ 7*8+C, thus,
margin exists between analysis and the plant. Being a controlled para-
peter, the nominal value of 2235 psig {s reasonable and bounded by ITDP
error analysis assumptions, 1.e., assuming a normal, two sided distridbu-
sion for CSA and a 95+% probability distribution (which will be docu~-
mented later {n this response), ¢ for the noted CSA equals

]’.’c.

( ; 7%+, Assuming a normal, two sided distribution
for the ITDP assumption of [ 7*8+¢ and a 95+3 probability
distribution results ina o = [ %", Thus,

5b
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margin exists between the expected and assumed standard deviations for
Pressurizer pressure.

20b¢ TAVG

T‘vg is controlled by a system that compares the aucticneered high

Tavg from the loops with a reference derived from the First Stage
Turdbine Impulse Pressure. Tavg is derived from the average of the
narrow range Ty ang T from the bypass manifolds. The highest locp

Tavg is then used in the controller. Allowances are made as noted on
Table B for the sensor/transmitter and the process racks/controller. As

noted, the CSA for this function is [ 1*3:€ which corre-
sponds to an instrumentation accuracy of [ ]“-C. Assuming a
normal, two sided distribution for CSA and a 95+% prcbability distribu-
tion results in a standard deviation, o = Jhe.C,

However, this does not include the controller deadband of + 1.5°F. To
determine the controller accuracy the instrumentaticn accuracy must be
combined with the deacband. Westinghcuse has determined that the proba-
bility gistribution for the deadband is [

1.7%:C The variance for the deadband uncertainty is then:

[ ]*&JC

and the standard deviation, ¢ = [ JHE,

Combining statistically the standard deviations for instrumentation and
deadband results in a controller standard deviation of:

o= 012 + ozz s [

b j&.c
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Therefore, the contreller uncertainty for a 95+% normal probability
gistridbution is ~ [ 1.%2:¢ This is the uncertainty assumed

for the ITDP error analysis and reasonably bounds the nominal value
corresponding to the full power T‘vg,

3.b. Reactor Fower

Genei'ally a plant performs a primary/secondary side heat balance once
every 24 hours when power is above 15% Rated Thermal Pewer. This heat
balance is used to verify that the plant is cperating within the limits
of the Operating License and to adjust the Power Range Neutron Flux
channels when the difference between the NIS and the heat balance is
greater than that allowed by the plant Technical Specifications.

Assuming that the primary and secondary sides are in equilibr‘um; the
core power is determined by summing the thermal cutput of the steam
generators, correcting the total seccndary power for steam generator
blowdown (if not secured), subtracting the RCP heat addition, adaing the
primary side system losses, and dividing by the core rated 3tu/hr at
full power. The eguation for this calculation is:

N
RP = | T l0gg - Q] *Q \wo Eq. 4
L /

where;

= (ore power ( % R7P)

=  Number of primary side loops

6 =  Steam Generator thermal output (Btu/hr)
RCP heat adder (Btu/hr)

= Primary system net heat lcsses (Btu/hr)
= (Core rated Btu/hr &t full power.

For the purposes of this uncer<ainty analysis (and b2sed on H noted
above) it is assumed that the plant is at 'O0C: RTP when the measurement
is taken. Measurements performed at lTower power levels will result in

8d
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different uncertainty values. However, operation at lower power levels
results in increased margin to ONB far in excess of any margin losses
due %o increased measurement uncertainty.

The thermal output of the steam generator is determined by a calorime-
tric measurement definecl as:

where;
hs = Steam enthalpy (Btu/1b)
hf = Feedwater enthalpy (8tu/1b)
Ve = Feedwater flow (1b/hr).

The steam enthalpy is based on the measurement of steam generator outlet
steam pressure, assuming saturated conditions. The feedwater enthalpy
{s based on the measurement of feedwater temperature and an assumed
feedwater pressure based on steamline pressure, plus 100 psi. The feed-
water flow is determined by multiple measurements and a calcylation
based on the following:

We = (K)(F,) (Ver =) Eq. 6
where:

K = Feedwater venturi flow coefficient

F. = Feedwater venturi correction for thermal expansion

e, = Feedwater density (1b/ft%)

Ap = Feedwater venturi pressure drop (inches ”20)'

The feedwater venturi flow coefficient {s the product of a numper of
constants including as-built dimensions of the venturi and calibration
tests performed by the vendor. The thermal expansion correction is
sased on the coefficient of expansion of the ventur{ material and the
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difference between feedwater temperature and calibration temperature.
Feedwater density is dasad on the measurement of feedwater temperature
and feedwater pressure.. The venturi pressure drop is obtained from the
output of the differential pressure cell connected to the venturi.

The RCP heat adder {s determined by calculation, based on the best esti-
mates of coolant flow, pump head, and pump hydraulic efficiency.

The primary system net heat losses are determined by calculation, con-
sidering the following system heat inputs and heat losses:

Charging flow

Letdown flow

Seal injection flow

RCP thermal barrier cooler heat removal
Pressurizer spray flow

Pressurizer surge line flow

Component insulaticn heat losses
Component support heat iosses

CROM heat losses

A single calcuated sum for full power operation is used for these los-
ses/heat inputs.

The core power measurement {s based on th~ following plant measurements:

Steamline pressure (P,)

Feedwater temperature (Tf)

Feedwater pressure (P,)

Feedwater venturi differential pressure (ap)

Steam generator blowdown ({f not secured)
and on the following calculated values:

Feedwater venturi flow coefficient (K)

Feedwater venturi thermal expansion correction (F‘)
Feedwater density (a,)

100



Feedwater enthalpy (hf)
team enthalpy (hs)
Moisture carrvover (impacts hs)
Primary system net heat losses (Q, )
RCP heat adder (Op) )
These measurerents and calculations are presented schematically on
Figure 1.

Starting of f with the Equation 6 parameters, the detailed derivation of
the measurement errors {s noted below.

Feedwater Flow

Each of the feedwater venturis is calibrated by the vendor in a hydrau-
1i¢c laberatory under controlled conditions to an accuracy of

[ j"'b'c % of span. The calibration data which substantiates

this accuracy is provided for all of the plant venturis by the

respective vendors. An additional uncertainty factor of [ ]+a,: 3
is included for installation effects, resulting in an overall flow coef-
ficient (K) uncertainty of [ 1*8+€ 5. Since steam generator thermal
output is proportional to feedwater flow, the flow coefficient uncertainty
{s expressed as | 1728 ¢ sower.

The uncertainty applied to the feedwater venturi thermal expansion correc-
tion (Fa) {s based on the uncertainties of the measured feedwater tem-
perature and the coefficient of thermal expansion for the venturi

material, usually 304 stainless steel. For this saterfal, a change of + 2°F
in the feedwater tamperature range changes F, by [ ]a.b.c % and

the steam generator thermal output by the same amount. For this deriva-
tion, an uncertainty of [ 1°%+€ {n feedwater temperature was

assumed (detailed breakdown for this assumption is provided in the feed-

watar enthalpy section). This results in a total uncertainty in Fy and
steam generator output of [ I"': %.




Based on data introduced into the ASME code, the uncertainty in :a for
304 stainless steel is +5 percent. This results in an additional uncer-
tainty of [ :'°': %2-in feedwater flow. A conservative value of

( 12+€ ¢ is used in this analysis.

Using the ASME Steam Tables (1967) for compressec water, the effect of a
( 1*2+C arror in feedwater temperature on the v_?;'is

[ 1*3:C ¢ in steam generator thermal output. An error of

[ 1*8:C {n feedwater pressure {s assumed in the analysis

(detailed breakdown of this value {is provided in the steam enthalphy
section). This recults 1n an uncertainty in v':;'of [ }"'c *
in steam generator thermal output. The combined effect of the two

<«*a,C
4

results fn a total 7 o, uncertainty of [ % in steam

generator thermal output.

Table 1b provides a listing of the instrumentation errors for feedwater
ap (including an allowance for the venturi as defined above) assuming
display on the process computer. With the exception of the computer
readout error, the electronics errors arc {n percent 24P span and must
be translated intc percent feedwater flow at full power conditions.

This {s accormlished by multiplying the error {n percent &p span by

the conversion factor noted below:

100

] (suan of feedwater flow transmitter in § of nominal flow

. -*3.C "

For a feedwater flow transmitter spanof [ 8 ¢ nominal flow, the
"~ Q‘ 3

conversion factor is | J e (which is the value used for this

analysis).

As noted in Table 2b, the statistical sum of the errors for feedwater

’ ~
flow 1s [ 174+C ¢ of steam generator thermal output.
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Fesawater Enthaloy

The next major error component is the feedwater enthalpy used in Equa-
tion 5. For this parameter the major contributor to the errcr is the
uncertainty in the feedwater temperature. Table b provides the detailed
error breakdewn for this temperature measurement assuming ingication on
the process computer. Statistically summing these errors (utilizing

Eq. 2) results in a total temperature error of [ 1*C % span.
Assuming a span of [ J*2:€ results in a temperature error of
( 1.%3:C A conservative, bounding value of [ 17 C was

assumed for this analysis. Assuming smaller spans results in smaller
temperature errors.

Using the ASME steam tables (1967) for compressed water, the effect of 2
( 1*23:C error in feedwater temperature on the feedwater

enthalpy (he) is [ 1*2:C % in steam generator thermal output.
Assuming a [ 1*2:C error in feedwater pressure (detailed break-
down provided in the steam enthalpy section) results in a

( JT8C g effect in R and steam generator thermal output.

The combineg effect of the two results in a total h¢ uncertainty of

[ J*2:C g, A conservative value (based on round-off effects of
individual instrumentation errors) of [ T*3C g for he uncer-
tainty is used in this znalysis (as noted on Table 2).

Steam Enthalpy

The steam enthalpy has two contributors to the calorimetric error,
steaml ine pressure and the moisture content. For steaml ine pressure the
errors are as noted on Table b, assuming display on the process compu-
ter. This results in a total instrumentation error (utilizing Eg. 2) of
[ J*2.C ¢ span. Based on a 1200 psig span this equals

[ 1.¥8:C A conservative value of [ 1*2:€ s assumed

in this analysis. The feedwater pressure is assumed to be 100 psi
higher than the steamline pressure with a conservatively high measure-
ment error of [ ]1.*2:C Taple b provides a breakdewn of

expected errors if feedwater pressure is measured directly and aisplayed

13



on the process computer. The results fndicate an expected error of
( 1*3:%, well within the assumed value.

Using the ASME Steam Tables (1967) for saturated water and steam, the
effect of a [ 778:€ ([ 1*2+€) error in steamline pressure
on the steam enthalpy “'s) is [ ]"'CVS in steam generator
thermal output. Thus a total instrumentation error of [ _
{n steamline pressure results in an uncertainty of [ 1*3:€ ¢ in
steam generator thermal output.

]‘I.C

The major contributor to "s uncertainty is moisture content. The

nominal or best estimate performance level s assumed to de [ TheC g,
which-is the design limit to protect the high pressure turbine. The most
conservative assumption that can be made {n regards to maximi zing steam
generator thermal output is a steam moisture content of zero. This conser-
vatism is introduced by assigning an uncertainty of [ 1*:C 2 to the
moisture content, which is equivalent through enthalpy change to

C 1*8:C ¢ of thermal output. The comdined effect of the steanline
pressure and mofsture content on the total hs uncertainty is

( 7%%:C ¢ {n steam generator thermal output.

Loop Power

The loop power uncertainty {s obtained dy statistically combining all of the
error components noted foir the steam generator thermal output (QSG) in
serms of loop power. Within each loop these components are independent
effects (or formed into independent quantities) since they are independent
measurements. Technically, the feedwater temperature and pressure yncer-
tainties are common to several of the error components. However, they are
treated as independent quantities Decause of tnhe conservatism assumed and
the arithmetic summaticn of their uncertainties before squaring them has no
significant effect on the final result.

14b



The only effect which tends to be dependent, affecting all loops, is the
accumulation of crud on the feedwater venturis, which can effect the

4p for a specified flow. Although it is conceivable that the crud
accumulation could affect the static pressure distribution at the ven-
turi throat pressure tap in a manner that would result in a higher flow
for a specified ap, the reduction in throat area resulting in a lower
flow at the specified ap {s the stronger effect. All reported cases

of ventur{ fouling have been associated with a significant loss in elec-
trical output, fndicating that the actual thermal power has been below
the measured power rather than above it. Losses in net power generaticn
which have been correlated with ventur! fouling have occurred in about
half of the more than 20 Westinghouse pressurized water reactors oper-
ating in the United States. These power losses have been generally in
the range of two to three percent. Power losses have also cccurred in
at least three, and possibly five plants out of the more than ten West-
fnghouse plants operating abroad. In no case has venturi fouling been
reported which resulted in a non-conservative feedwater flow measure-
ment. Because the ventur{ crud formations have resulted in a conserva-
tive, reduced power condition, no uncertainty has been included ir the
analysis of power measurement error for this phencaencn.

The net pump heat uncertainty is derived in the following manmer. The
primary system net heat losses and pump heat adder for a four loop plant
are summarized as follows:

Systems heat losses - 2.0 MWt

Component conduction and

convection losses - 1.4
Pump heat adder +18.0
Net Heat imput %o RCS +14.6 MWt
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The uncertainties for these quantities are as follows: The uncertainty
on system heat losses, which are essentially all due to charging and
Tetdown flows, has been estimated to be [ "€ 5 of the calculated
value. Since direct measurements are not possible, the uncertainty on
component conduction and convection losses has been assumed to be

I 1'% 3 of the calculated value. Reactor coolant pump hydraulics
are known to a relatively high confidence level, supported by the system
hydraulics tests performed at Prairie Island II and by 1nput power mea-
surements from several plants, so the uncertainty for the pump heat
adder s estimated o be [ ]"'c %2 of the bes: estimata value.
Considering these parameters as one quantity which is desi gnated the net
pump heat uncertainty, the combined uncertainties are less than

e 173:C ¢ of the total, which is equivalent to [ 7€ g of
core power.

The Tetal Loop Power uncertainty (noted in Table 2 as [  facdl 5

fs the statistical sum of the Loop Power uncertainty (OSG). { ]*a.c 2,
and the Net Pump Heat Additien, [ 174 5. The Total Secondary
Power uncertainty {s the statistical combination of the Loop Power
uncertainty and the number of primary side loops in the plant. As noted
fn Table 2b, the Secondary Power uncertainty for N loops is as follows:

N = 4 uncertainty = + 1.2 % power
3 + 1.4 % power
2 + 1.7 % power

In a1l cases the total Secondary Power uncertainty s less than or equal
to the historically used value of + 2 § power. For ITDP, credit is
taken for the increased knowledge of reactor power and the values noted
above are ysed in the ITDP error analysis, f.e., the standard deviation
for reactor power, at the 35+% probability level fs:

1Gb
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TABLE 2b
SECONDARY POWER CALORIMETRIC MEASUREMENT UNCERTAINTIZS

Power
Comonent Instrument Error Uncertainty

Feedwater Flow
+a,c
Yenturi, K
Thermal Expansion Coefficient
Temperature
Material

Density
Temperature
Pressure

Electronics
ap Cell Calibration
Sensor Pressure Effects
Sensor Temperature Effects
Sensor Drift
Rack Calibration
Rack Temperature Effects
Rack Drift
Computer Isolator Drift
Computer Readout

Total Electronics Error 'f:_(e)z

Total Feedwater Flow Error V:(e)z

13t
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TABLE 2b (Cont)

SECONDARY POWER CALORIMETRIC MEASUREMENT UNCERTAINTIES

Component Instrument Error

Power

Uncertainty

Feeawater Enthalpy
Terperature (Electronics)
RTD Calibration
R/1 Converter
Rack Accuracy
Rack Temperature Effects
Rack Drift
Computer Isolator Drift
Computer Reacout

Total Electronics Error Vz:(e)2

Feedwater Temperature Error Assumed
Pressure

Total Feeawater Enthalpy Error YI(e)?
Steam Enthalpy
Steamline Pressure (Electronics)

Pressure Cell Calibraticn
Sensor Temperature Effects
Sensor Drift

Rack Caiibration

Rack Temperature Effects

19b
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TABLE 2 b Cont)
SECONDARY POWER CALCRIMETRIC MEASUREMENT UNCERTAINTIES

Power

Cormonent Instrument Error Uncertainty

Steam Enthalpy (Cont)
#Q.C

Rack Drift
Cormputer Isolator Orife
Computer Readout

Total Electronics Error Vr.(e)z

Steamline Pressure Error Assumed

Moisture Carryover

Total Steam Enthalpy Error Vt(e)z
Loop Power Uncertainty V:(e)z

Net Pump Heat Addition Uncertainty

Total Loop Power Uncertainty (8)

Total Secondary Power Uncertainty Vt:(e)ZJIN -

where N = 4 loops +1.22
3 loops +1.43
2 loops *1.7%

20b
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NOTES FOR TABLE 20

Temperatuyre effect on ThpmaI Expansion Coefficient is assumed to be
linear with an uncertainty of [ 1*3:2:€ pep 2°F change.

Conservative assumption for value, particularly if steamiine pressure
+ 100 psi is assumed value. Uncertainty for steamline pressure noted in
Steam Enthalpy.

To transform error in percent ap span tc percent of feedwater flow at
1002 of nominal feedwater flow; multiply the instrument error by:

(1/2)(5“" of feedwater flow transmitter in nercent of nominal f) ow)z
100

In %his analysis the feedwater flow transmitter span is assumed to be
[ "% ¢ of nominal flow.

]"'c and a maximum

+a,c

In this analysis assumed an error of [
swing in feedwater pressure from no load to full power of [200 psil.

]*!,C

( T*:C span of [ 1%2:€ equals [ 174 wvhich equals
C 773 power.

Conservative assumpticn for {nstrumentation error for this analysis.

Statistical sum of Loop Power Uncertainty and Net Pump Heat Addition
Uncertainty.
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45, RCS FLOW

The Improved Thermal Design Procedure (ITDP) and some plant Tech-
nical Specifications require an RCS flow measurement with a high
degree of accuracy. It is assumed for this error analysis, that
this flow measurement is performed within seven days of calibrating
the measurement instrumentation thereforc, drift effects are not
included (except where necessary due to sensor location). It is
also assumed that the calorimetric flow measurement is performed at
the beginning of a cycle, so no allowances have been made for feed-
water venturi crud buildup.

The flow measurement {s performed by determining the steam generator
thermal output, corrected for the RCP heat input and the loop's
share of primary system heat losses, and the enthalpy rise (ah) of
the primary coolant. Assuming that the primary and secondary sides
are in equilidbrium; the RCS total vessel flow is the sum of the
individual primary loop flows, {.e.,

HRCS = zHL . (Eq. 7j

The individual primary loop flows are determined by correcting the
© thermal output of the steam generator for steam generator blowdown
(1f not secured), subtracting the RCP heat addition, adding the
loop's share of the primary side system losses, dividing by the
primary side enthalpy rise, and multiplying by the specific volume

of the RCS cold leg. The equation for this calculation is:

Q
L
o =) ; Qsg = % * (T” (V.) (Eq. 8)
= -
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where; W, s Loop flow (gpm)
. . 0.1287 gpr/(£2/0r)
Qg « Steam Gemerator thermal output (Btu/hr)
09 s«  RC? heat adder (Btu/hr)
QL » Primary system net heat losses (Btu/hr)
LA « Specific volume of the cald leg at Te (ft3/1b)
N = Number of primary side loops
hy = Mot leg enthalpy (Btu/1b)
he « Cold leg enthalpy (Btu/1d).

The thermal output of the steam generator {s determined by the same
- calorimetric measurement as for reactor power, which {s defined as:

where; hg « Steam enthalpy (3tu/1b)
he « Feedwater enthaipy (Btu/1d)
We s Feedwater flow (1b/hr).

The steam enthalpy is based on nmeasurement of steam generator outlet
steam pressure, assuming saturated conditions. The feedwater enthalpy
{s based on the measurement of feedwater temperature and an assumed
feedwater pressure based on steamline pressure plus 100 psi. The feed-
water flow is determined by multiple measurements and the same calcula-
tion as used for reactor power seasurements, which {s based on the fol-
Towing:

e = (X) (F.){V s ap! (Eq. 6)
where; K e Feedwater venturi flow factor
s e Feedwater venturi correction for thermal expansion
?f = Feedwater density (1b/ft3)
ap e Feedwater venturi pressure drop (inches HZO).
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The feedwaser venturi flow coefficient {s the product of a numter of
constants including as-built dimensicns of the venturi and calibration
tests performed by the.veador. The thermal expansion correction is
based on the coefficient of expansion of the venturi material and the
di fference between feedwater temperature and calibration temperature.
Feedwater density is based on the measurement of feedwater temperature
and feedwater pressure. The venturi pressure drop is obtained from the
output of the differential pressure cell connected to the venturi.

The RCP heat adder is detarmined by calculation, based on the best esti-
pates of coolant flow, pump head, and pump hydraulic efficiency.

The primary system net heat lossas are determined Dy calculation, con-
sidering the following systam heat inputs and heat losses:

Charging flow

Letdown flow

Seal injection flow

RCP thermal barrier cocler heat removal
Pressurizer spray flow

Pressurizer surge 1ine flow

Component insulation heat losses
Component support heat losses

CRDM heat losses.

A single calculated sum for full power operation is used for these los-
ses/heat inputs.

The hot leg and cold leg enthalpies are based on the measurement of the
hot leg temperature, cold leg temperature and the pressurizer pressure.
The cold leg specific volume is based on measurement of the cold leg
temperature and pressuriier pressure.

The RCS flow measurement {s thus based con the following plant measure-
- ments:

200
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Steanline pressure (Pg)

Feedwater temperature (Tg)

Feedwater pressure (P,)

Feedwater venturi differential pressure (4p)
Hot Teg temperature (TH)

Cold leg temperature (Tc)

Pressurizer pressure (Pp)

Steam generator blowdown (1f not secured)

and on the following calculated values:

Feedwater venturi flow coefficients (K)

Feedwater ventyri thermal expansion correction (F‘)
Feedwater density ( o)

Feedwater enthalpy (hg)

Steam enthalpy (h)

Moisture carryover (impacts hs)

Primary system net heat losses (Q,)

RC? heat adder (Qp)

Hot leg enthalpy (hy)

Cold leg enthalpy ("c)'

These measurements and calculations are presented schematically on
Figure 2.

Starting off with the Equation 6§ parameters, the detailed derivation of
the measurement errors {s noted below.

Feedwater Flow

Each of the feedwater venturis {s calibrated by the vendor in a hydrau-
iics laboratory under controiled conditions to an accuracy of

[ ]n.b.c % of span. The calibration data which substantiates
this accuracy is provided for al® of the plant venturis b, the respec-
tive vendors. An additional uncertainty factor of [ J*C g s

r
w
or
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included for installation effects, resulting in an overall flow coef-
ficient (K) uncertainty of [ 1™ 3. Since RCS loop flow is
proporticnal to steam generator thermal output which is proportional to
feedwater flow, the flow coefficient uncertainty is expressed as

[ 174 5 flow.

The uncertainty applied to the feedwater venturi thermal expansion cor-
rection (F.) s based on the uncertainties of the measured feedwater
temperature and the coefficient of thermal expansion for the venturi
material, usually 304 stainless steel. For this material, a change of
+ 2°F in the feedwater temperature range changes F by

[ 1*8:2:% 5 and the stean generator thermal outaut by the same
anount. For this derivation, an uncertainty of [ 17:€ 4
feedwater temperature was assumed (detailed breakdown for this assump=
tion is proviced in the feedwater enthalpy section). This results in a
negligible impact in F. and steam generator output.

Based on data introduced into the ASME Code, the uncertainty in F for
304 stainless stzel 1s *+53%. This results .n an additional uncer'.;inty
of [ 1*3C ¢ i feedvater flow. A co servative value of

[ 1*%C 2 45 used in this analysis.

Using the ASME Steam Tables (1967) for compressed water, the effuct of a
4 1*%:C error in feedwater temperature on the v’-—is

C "% 3 {n steam generator thermal output. An error of

d T*4:C {n feedwater pressure {s assumed in this analysis
(detailed breakdown of this value is provided in the steam enthalpy
section). This results in an uncertainty in /_-of [ ’Cg

in steam generator thermal output. The combined effect of the two
results in a total /o uncertainty of [ "¢ % in stean
generator thermal output.

It s assumed that the 4p cell (usually a Barton or Rosemount) is read
Tocally and soen after the 4p cell and Tocal meter are calibrated
(within 7 days of calibration). This allows the elimination of process
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and senscr drift errors from consideration. Therefore,
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rrors noted in this analysis are [ J*3:C g for calib

% for reading error of the special high accuracy,

0 errors are in X Ap span. In order to be
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be translated into ¥ feedwater flow
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. y

"
L

the error
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"
r 3 feedwater flow transmitter
” “ada ~
142, C

J

t major error component is the feedwater enthalpy
For this parameter the major contributor to the

inty in the feecwater temperature. It is assumed

ater temperature is determined through the use of an RTD or

oupl

e whose output is read by a digital voltmeter (DWM) or

muitimeter (DMM) (at the output of the RTD or by a Wheatstone

RTD's, or at the reference junction for thermocouples).

assumed that the process components of the above are calibrat
days prior to the measurement allowing the elimination of drift
effects. Therefore, the error breakdown for feedwater temperat
noted on fable 1b. The statistical combination of these errors

- at+a r
in a total feedwater temperature error of [ B

ure is as
results
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Using the ASME Steam Table (1967) for compressed water, the eifect of a
( J*3C error in feedwater temperature on the feedater

enthalpy (he) is [ 1*2+¢€ % in steam generator thermal output.
Assuming a [ 1*3:C error in feedwater pressure (detailed break-
down provided in the steam enthalpy sectidn) results in a

( J*3:C 3 effect in he and steam generator thermal output.

The combined effect of the two results in a total he yncertainty of

[ J*3:C % steam generator thermal output, as noted on Table .

Steam Enthalpy

The steam enthalpy has two contributors to the calerimetric errcr,

steaml ine pressure and the moisture content. For steamline pressure the
error breakdown is as noted on Table b. This results in a total instru-
mentation error of [ J*3:C g, which equals [ 1*3:¢C for a
1200 psi span. For this analysis a conservative value of [

is assumed for the steamline pressure. The feedwater pressure is
assumed to be 100 psi higher than the steamline pressure with a conser-
vatively high measurement error of [ "*3,C,  If feedwater pres-
sure is measuredon the same basis as the steamline pressure (with a DVM)
the error is [ J*3:¢ % span, which equals [ T*3:C for a

1500 psi span. Thus, an assumption of an error o [ T3¢ s
very conservative,

]+a,c

Using the ASME Steam Tables (1967) for satursted water and steam, the
effect of a [ T*C ([ T'C) error in steamline pressure

on the steam enthalpy is [ J*%:C % in steam generator therma)
output. Thus, a total instrumentation error of [ 172+C results
in an uncertainty of [ ]J78:C % in steam generator thermal output,
as noted on Table 3b.

The major contributor to h. yncertainty is moisture content. The

nominal or best estimate performance level is assumed to be [  J"2:C X
which is the design limit to protect the high pressure turbine. The most
conservative assumption that can be made in regards to maximizing steam
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generator thermal ocutput {s a steam moisture content of zero. This conser-
vatism is introduced by assigning an uncertainty of 4 J"'c %2 to the
moisture content, which is equivalent thrcugh enthalpy change to

[ 1*2:C g of thermal output. The comdined effect of the steamline
pressure and moisture content on the total he uyncertainty is

[ 1*3+C 3 {n steam generator thermal output.

Secondary Side Loco Power

The loop power uncertainty is obtained by statistically combining all of
the error components noted for the steam generator thermal output (QSG)
{n terms of 8tu/hr. Within each loop these components are independent
effects since they are independent measurements. Technically, the feed-
water temperature and pressure uncertainties are common to several of the
error components. However, they are treated as {ndependent gquantities
because of the conservatism assumed and the arithmetic surmation of their
uncertainties before squaring them has no significant effect on the final
result.

The only effect which tends to be dependent, affecting all loops, would be
the accumulation of crud on the feedwater venturis, which can affect the
ap for a specified flow. Although it is concefvable that the crud accu-
sulation could affect the static pressure distribution at the venturi
throat pressure tap in a manner that would result in a higher flow for 2
specified ap, the reduction in throat area resulting in a Tower flow at
the specified ap {s the stronger effect. No uncertainty has been
{ncluded in the analysis for this effect. 1f ventur{ fouling is detected
by the plant, the venturd should be cleaned, prior to performance of the
measurement. If the venturi is not cleaned, the effect of the fouling on
the determination of the feedwater flow, and thus, the steam generator
power and RCS flow, should be measured and treated as a bias, f.e., the
error due to venturd fouling should be added t3 the statistical surmation
of the rest of the measurement errors.

2%
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The net pump heat uncertainty is derived in the following manner. The
primary system net heat losses anc pump heat acdcer for a four 1cop plant
are summarizad as follows:

System heat-lcsses «2.0 MWt
Component conduction and
convection losses «1.4
Pump heat adder +18.0
Net Heat input to RCS +14,6 MWt

The uncertainties for these quantities are as follows: The uncertainty
on systems heat lesses, which is essentially all due to charging and
letdown fluws, has been estimated to be [  J*3:C % of the calculated
value. Since direct measurements are not possible, the uncertainty on
comoonent conduction and convection losses has been assumed to be

[ 1*%% 3 of the calculated value. Reactor coclant pump hydraulics
are known to a relatively high conf idence level, supported by the system
hydraulics tests performed at Prairie Island II ang by input power mea-
surements from several plants, so the uncertainty for the pump heat
adder is estimated to be [ ]*3:C % of the best estimate value.
Considering these parameters as one quantity which is gesignated the net
pum heat uncertainty, the coembined uncertainties are less than

[ ' J*%:€ % of the total, which is [ T*0:¢ g of core power.

The Total Secondary Side Locp Power Uncertainty (moted in Table 3b as

L J*8.¢ g) is the statistical sum of the seconcary side loop
power uncertainty (Qgg), [ 1%3:¢ £, and the net pump heat addi-
tion, [ . JHe.C g,

Primary Side Enthalpy

The primary side enthalpy error contributors are TN and TC measure=-
ment errors and the uncertainty in pressyrizer pressure. The instrumen-
tation errors for Ty are as noted on Table 1b. These ®rrors are bdased

30b
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on the assumption that the DWM has been recently calibrated (within 7
days prior to the measurement) and the DWM is used to read the output of
the RTD, or a bricge, thus allowing the elimination of drift effacts in
the racks. The statistical combination of the above errors results in a

total Ty yncertainty of [ IT0e

Table b also provides the instrumentation error breakdown for Tc. The
errors are based on the same assumptions as for T, resulting in-a

total Tc uncertainty of [ J*aE,

Pressurizer pressure instrumentation errors are noted on Table 1b. A
sensor drift allowance of [ '3 % is included due to the dif-
ficulty 1n calibrating while at power. It is assumed calibdration is
performed only as required by plant Technical Specifications.

Statistically combining these errors results in the total pressurizer
pressure uncertainty equaling [ J*3.C % of span, which equals

[ T*4C for an [ J*:C span. In this analysis a
conservative value of [ J*3:C is ysed for the instrumentation
error for pressurizer pressure.

The effect of an uncertainty of [ THC 4p Ty on hy s

( J*C % of Tocp flow. Thus, an error of [ 1*2:¢ in
Ty introcuces an uncertainty of [ ]*3C percent in hy, An
error of [ T8¢ in T¢ 45 worth [ 1'% in n,,
Therefore, an error of [ J*3:€ 4n Te results in an uncer-
tainty of [ J*C % in h. and ocp flow. An uncertainty of

[ J*4C in pressurizer prossure introduces an error of

[ " TC % inhy ang [ T8 % in b, Statistically
combining the hot leg and cold leg temperature and pressure uncertain-
ties results in an hy yncertainty of [ 1'%, an b, yncer-
tainty of [ J*2.C5, and a total uncertainty in ah of

[ J*3:C X 1n Toop flow.

Statistically combining the Total Secondary Side Loop Power Uncertainty
(fn Btu/hr) with the primary side enthalpy ¢ rtainty (in BtuNb),
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TABLE 3b
CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

Component
Feeowater . low

Venturi, K

Therma! Expansion Ccefficient
Temperature
Material

Density
Temperature
Pressure

Instrumentation
Ap Cell Calibration
Ap Cell Gauge Readout

Total Instrumentaticn Erroer(c)z
Total Feeawater Flow Error V“:(e)2

Feedwater Enthalpy
Temperature (Electronics)
RTD Calibration
DVM Accuracy

Total Temperature Error Vz (e)2
VI. (e)?

Pressure

Total Feecwater Enthalpy Error

3b

Flow
Instrument Error(1) Uncertainty
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TABLE 3b (Cont)
CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

Ccmoonent

Steam Enthalpy

Steaml ine Pressure (Electronics)
Pressure Cell Calibration
Sensor Temperature Effects
Rack Calibration
Rack Temperature Effects
OWVM Accuracy

Total Electronics Error Vz(e)z

Steaml ine Pressure Error Assumed

Moisture Carryover

Total Steam Enthalpy Error YI(e)?

Secondary Side Loop Power Uncertainty Vz(e)z

Net Pump Heat Addition Uncertainty
Total Seconcary Side Locc Power
Uncertainty yI(e)?

Primary Side Enthalpy

Ty (Electronics)
RTD Calibration

DWM Accuyracy

Ty Instrumentation Error ‘lz(c}z

Ty Temperature Streaming Error
T, Temperature Error I(e)?

34b
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TABLE 3b (Cont)
CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

Flow
Component Instrument Error(1) Uncertainty
+a,c
Te (Electronics) — -
RTD Calibratien
DVM Accuracy

Te Instrumentation Error Vz(e)2
Pressurizer Pressure (Electronics)
Pressure Cell Calibration
Sensor Temperature Effects
Sensor Drift
Rack Calibration
Rack Temperature Effects
DWVM Accuracy
Total Pressurizer Pressure
Error V}:(e)z
Pressurizer Pressure Error Assumed
Ty Pressure Effec
Ty Total Error V:(e)2
Te Pressure Effec
T Total Ervor yI(e)?

Primary Side Locp F1
Uncertainty y z(e)?

b
Total RCS Flow Uncertainty V[t(e)ZJ/N

where N = 4 locps +1.5
3 locps $1.75%%
2 loops +2.0%

kLY.
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3.

6.

7.

9.

NOTES FOR TABLE 3b

Measurements performed within 7 days after calibration thus Rack Drift,
and where possible Sensor Drift, effects are not included in this analy-
sis.

Conservative assumption for value, particularly if steamline pressure
+ 100 psi is assumed value. Uncertainty for steamline pressure noted in
steam enthalpy.

To transform error in percent Ap span to percent of feecwater flow at
100X of nominal feedwater flow; multiply the instrument error by:

(1,2)<Soan of feedwater flow transmitter in percent of nominal ﬁcw) ¢
100

In this analysis the feecwater flow transmitter span is assumed toc be
[ J*%C % of nominal flow.

Reading error for multiple readings of a Barton gauge.
Conservative assumption for instrumentation error for this analysis.
Max imum allowed moisture carryover to protect HP turbine.

Calibration accuracy of [  J*2C span of [ J*2+C which equals
( '€, '

Credit taken for the 3 tap scocp RTD bypass loop in reducing uncertaine
ties due to temperature streaming.

Convoluted sum of T, Temperature Error and Ty Pressure Effect.

10. Convoluted sum of T. [nstrumentation Error ang T Pressure Effect.

1.

Convoluted sum of TH Total Errer and T Total Error.
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results in a Primary Side Loop Flow Uncertainty of [ 173 2 1000
flow. The RCS flow uncertainty 1s the statistical cembination of the
primary side loop flow error and the number ¥ primary side Toops in the
plant. As noted in Table 3b, the RCS Flow unzertainty for N loops is:

N=4 uncerzainty = +1.5% flow
3 = +1.75% flow
2 =  +2.1% flow.

For ITDP, credit {s taken for the increased knowledge of RCS flow and
the values noted above are used im the ITDP error.analysis, i.e., the
standard deviation for RCS flow, at the 95+% probability Tevel is:

+a,c
N=4 ¢ = ]z flow
3 - % flow
2 - % low

s. USE OF AN LEFM

If a plant uses a Leading Edge Flow Meter (LEFM), from the Oceanics
Division of Westinghouse, for the measurement of feedwater flow, several
changes are made in the calorimetric power and flow uncertainty analy-
ses. The following are typical LEFM uncertainties in mass flow (1bs/hr):

a. A nominal accuracy of [ 1*8+C flow. This 15 dased on a
feedwater temperature uncertainty of [ 1" and a
feedwater pressure uncertainty of [

b. For each [ 1*%+C {ncrease in Feedwater temperature uncer-
tainty, the mass flow uncertainty increases by [ The.€,

¢. For a feedwater pressure uncartainty greater than

C 1778+ byt less than [ 174:C, the mass
flow uncertainty increases by ( ) it L

7



Thus, for a typical LEFM installation with a feedwater temperature
uncertainty of [ 1*2:¢ and a pressure uncertainty less than

- -t < . - .t c
| 1%4+C, the mass flow uncertainty is | 1%4:¢ flow.

The effect of the use of an LEFM {s seen primarily in the measurement of
Reactor Power. The following table provides a comparison of the uncer-
tainties for a power calorimetric using a feedwater ventur{ and an

EFM. It {s assumed for these calculations that a measurement cevice

ither a venturi or an LEFM) {s in the feedwater 1ine to each steanm

B
generator,




COMPARISON OF VENTUR!

Reactor Power
Feedwater T
Feedwater
Feedwater Enthalpy
Steam Enthalpy
Loop Power Uncertainty
Total Loop Power Uncertainty

Tctal Secondary Power Uncertainty
loops
loops

loops

* from Table 2

** due to [

The impact of the LEFM on RCS Flow measurement {s considerably less
(rrimarily due to the [ 174:C feedwater temperature error already

being assumed and the prime error contributors being TH and TC for

primary side ah). However, the following table notes the differences
between the two measurements for an RCS Flow calorimetric measurement. For
these calculations 1t {s assumed that a measurement device (either a venturi

or an LEFM) 1s in the feedwater line to each steam generator.
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forced to read 1.0 in the process racks after performance of the full
Power flow calorimetric, thus, the elbow tap and it's &p cell are

seeing normal cperating conditions at the time of calibration/normal -
12ation and 1.0 corresponcs to the measured Toop flow at the time of the
measurement.

For monthly surveillance to assure plant operation consistent with the
ITOP assumptions, two means of determining the RCS flow are available.
One, to read the Tocp flows from the process computer, and two, to mea-
Sure the output of the elbow tap 4p cells in the process - ks with a
OVM. The uncertainties for both methods ana their convolution with the
calorimetric uncertainty are presented below.

Assuming that only one elbow tap per Toop is available to the process
computer results in the following elbow tap measurement uncertainty:

24D span % flow %p span % flow
o [ 7] e rea [ A
PEA RTE
SCA RD
SPE ID
STE A/D
SO Readout
— —— — e

80 span is converted to flow on the same basis as provided in Note 3 of
Table 3L for an instrument span of [ ) Ml Using £q. 2 results
in a loop uncertainty of [ 1 flow per loop. The total uncer-
tainty for N loops is:

N = & *C ow
3
2

The instrument/measurement uncertainties for normalized elbow taps and
the flow calorimet . . statistically independent and are 95+% prob-
ability values. .«s-.core, the statistical combination of the standard
deviations results in the following total flow uncertainty at a 93+%
probability:

41b



4 locps +1.7% flow
3 loops +2.0
2 loops + 2.3

Another method of using tormalized elbow taps is to take DWM readings in
the process racks of all three elbow taps for each locp. This results
in average flows for each loop with a lower instrumentation uncertainty
for the total RCS flow. The instrumentation uncertainties for this
measurement are:

%ap span % flow %ap span % flow
PMA B 1 +a,c 50 b T +a,c
PEA RCA
SCA RTE
SPE RD
STE DVM
L - Readout L.

Ap span is.converted to flow on the same basis as provided-i-n Note 3 of
Table 3b for an instrument span of [ ]*“C. Using Eq. 1 results
in a channel uncertainty of [ ]+a.c flow. Utilizing three elbow
taps (which are independent) results in a loop uncertainty of [ b
flow per loop. The total uncertainty for N loops is:

N = 4 *2:C flow
3
2

The calorimetric and the above noted elbow tap uncertainties can be
statistically combined as noted earlier. The 95+% probability total
flow uncertainties, using three elbow taps per loop are:

4 loops + 1.6% flow
3 loops +1.8
2 loops + 2.2

The following table summarizes RCS fiow measurement uncertainties.
25
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TABLE 6b

TOTAL FLOW MEASUREMENT UNCERTAINTIES

Locps 4 3 2
Calorimetric uncertainty* 2185 1.7 +2,
Total uncertainty 3 eibow taps/loop . 216 *1.8 * 2
Total uncertainty 1 elbow tap/locp 1.7 +2.0 * 2.3

w Calorimetric uncertainty noted assumes feedwater measurement with a
venturi, however, use of an LEFM for feedwater measurement resylts
in essentially the same value.

IV. PROBABILITY JUSTIFICATION

As noted in Section III, it is Westinghouse's belief that the total
uncertainty for Pressurizer Pressure, Tavg. Reactor Power, and RCS

Flow are normal, two sizZed, 95+% probability distributions. This sec-
tion will substantiate that position with a comparison between three
approaches, the first being that noted in Section II, the second
fnvolves determination of the variance assuming 2 uniform probabil ity
distribution for each uncertainty and then determination of the 95%
probability value assuming a one sided normal distribution, and the
third involves determinaticn of the variance assuming a normal, two
sided probability distribution for each uncertainty and then determina-
tion of the 95X probability value assuming a two sided normal distribu-
tion.

Table 7 lists the results of the three approaches. Column 1 lists the
values noted for CSA on Table 1b which are determined through the use of
equations 1, 2, or 3, whichever is applicable to that particular func-
tion. Column 2 1ists the variance for each function assuming the uncer-
tainty for each of the parameters listed in Section 2 is a uniform prob-
ability agistribution. For this assumption,



2
02- T;- I Eq. 9

where R equals the range of the parameter. The variance for the func-
tion equals the arithmetic sum of the parameter variances. From a
safety point of view deviation in the direction of non-conservatism is
important. Therefore, Column 3 11sts the one sided 353 probability
values based on the variances provided in Column 2, i.e., the one sided
952 probability value for.a near normal distributicn zan be reasonably
approximated by: 1.645'/;2‘..

Column 4 1ists the variance for each function assuming the uncertainty
for each of the parameters listed in Section 2 1s 2 near normal, two
sided probability distribution. Efforts have been made to conserva-
tively determine the probadbility value for each of the parameters, see
Table 8. For example, [

]u.c The corre-

sponding Z value 1isted on Table 8 is from the standard normal curve
where:

Zs= (x=u)/e Eq. 10

The varfance for a parameter {s then the sguare of the uncertainty
divided by its Z value:

2

2o (meepainy ) fa. 11

Afb
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The variance for the function equals the arithmetic sum of the parameter
variances. From the variance the two sided $5% orobability value for a
normal distridution can be calculated: 1.96ye2,

To summarize; bo!umn 1 1s the resylts of Equations 1, 2, and 3. Column
2 1s the total varfance assuming uniform probabilty distributions, {1.e.,

2 2 2 2
Lo Ry® e R 4 L. . (2 uney)® | (2 uncy)™
T T2

Column 3 is 1.645Va2.

Column 4 is the total variance assuming near normal probability distri-
butions, 1.e.,

— - Eq. 12

2

B ( unc, )2 y ( uﬂc2 K £q. 12
' . T ? LR -
] )

Column S s 1.56 az.

A comparison of Calumns 1, 3, and 5 will show that the approach used in
Section 2 results in values more conservative than those of Columns 3
and 5. Thus, 1t can be concluded that the results presentad in Section
3 are total uncertainties with probabilities fn excess of 9%3.

Confidence 1imits are applicable only to a particular data set, which in
this case not available. Therefore, based on the relatively small nume
ber of reports indicating large values of deviation, {.e., the number of
{nstances where 2 channel fails a functional test {s very small as com-
pared to the many thousands of functicnal tests performed, Westinghouse
be!ieves that the total uncertainties presented on Table 1b are 25% prob-
ab{i11ty values at a high confidence level.
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Y. CONCLUSICNS

The preceding secticns provide what is belfeved to de a reasonabls means
of accounting for instrument and measurement errors for four parameters
used in the ITDP analysis. The assumptions used in this response are
generic and conservative. It {s the intent of this response to generi-
cally resclve any concerns with the measurement and control of Reactor
Power, RCS Flow, Pressurizer Pressure and T“g as they are applied to
ITOP. As such, plant specific responses will provide only that informa-
tion which indicates that, 1) the instrument and measurement uncertain-
ties for that plant are consistent with or conservative with respect to
those presented here, or 2) specific {nstrument and/or measurement
uncertainties for that plant are not consistent with those presented.

In the second case the impact of the inconsistency on the four param-
eters will be provided with corresponding new total uncertainties {f the
{mpact is sufficiently large.
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Pressurizer Pressure - Control
I“g - Control

Steamline Pressure - Computer
Feedwater Temperature - Computer
Feedwater Pressure - Computer
Feedwater ap - Computer
Pressurizer Pressure - DVM
Steaml ine Pressure - DVM
Feedwater Temperature - DVM
T" - DVM

To - DW

Notes for Table 7b

TABLE 7b
COMPARISON OF STATISTICAL METHODS

1 2 1
Yariance 95% Probability
Method | Method 2 Method 2

1. Uncertainties presented in columns 1, 3, and 5 are in % span.

2. While values noted are listed to the second decimal place, values are accurate onl

decimal place. Second place is noted for round-of f purposes only.

4

Yariance
!gghod 3

5

95% Probability

Method 3

.

ta.c

y to the first
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TABLE 8

. UNCERTAINTY PROBABILITIES

Two Sided Two Sided
Normal Probability (%) Normal, Z Value
\_

1 ’..C
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Parameter

Power
Inlet Temperature
Pressure

Vessel Flow

Effective Flow
Fraction (Bypass)

Fan

E
Fall’l
THINC 1V

Trans ient Code

Nominal Value

100% Power
559.6°F
2280 psia

393600

0.94

1.49

1.0

TABLE 1

MCGUIRE ITDP

Uncertainty Equivalent

Range Standard Deviation
90-120% .60% Power
529.6-610°F 1.95°F
1805-2430 psia 15.2 psia
275520 - 0.85% Flow
402000 GPM
| .B66% Flow
1.49 - 1.72 2.43 F M
. . . aH
1.0 - 1.021 .0182
- 2% DNBR
1 .5% DNBR

Sensitivity
(X DNBR/Z Parameter)

Typical Thimble
_Cell Lell
-2.13 -1.98
-8.10 -7.10
2.07 1.71
1.41 1.26
1.4 1.26
-2.42 -2.16
-0.96 -0.89
1.0 1.0
1.0 1.0

+(a,c)
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YESTINGHOUSE PROPRIETARY CLASS 2

TABLE 2
CALCULATION OF DESIGN ONBR LIMIT FOR TYPICAL CELL

Design DONER Limit =

Design DNBR Limit

Corralaticon Limis

(;-"-) = /2 snz(-:'—‘-)z = 075175
n

Y

i-{Comoined ¢)(1.045) y

1.338

30

L

°, Ny, e 2 22 2 (en,?
_L 2 ¢ 2 _-l. = 3 on
(u ) . "] (u ) + sz (u ) + . v e sn ('.?-')
vy 4 "2 n-
where ¢ = standard deviation
' ¥ = mear
S = sensitivity
Parameter Mean (y) . ¢ e/u S SZG%)Z
S o *(‘ vc)
Powsr 1.0 .0060 .006000 -2.13 .0001633
Tin 559.6 1.95 .003485 -8.10 .0007363
Pressurs 2280 15.2 .006667 2.07 .0001?05
Flow 1.0 .0085 .008500 1.4 .0001438
F _: 1.49 .0362 024300 2,42 0034581
; AE : 1.0 .0182 .018200 -0.96 .0002053
CTHING 4 1.0 .02 .020000 - 1.0 .0004000
Transient Code 1.0 | .008 005000 1.0 .0000250
= 0056513
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TABLE 3
CALCULATION OF DESIGN ONZR LIMIT FOR THIMBLE CgLL

g
(;f)

Design ONBR Limit =

/. 2/0n.-2
= Jr Sn (;*) = 067539

n

Correlation Limis

1={Comoined o)

Design ONBR Limit = 1.316

.945)

.645)

¢ ¢ - @ 2
(l)z.-sz(-l)zd-sz(—z) + . ..sz(%'"réz
) 1'u 2 'y . n 'y
Ly «1 2 n-
where ¢ = standard daviation
 w = mean
S = sensitivity
: 2/¢,2
Parameter Mean (u) - e/u S $°(3)
— f—p ’(atc)
-~ J -
Power 1.0 .0060 .006000 -1.98 .000141
Tin §59.6 1.85 .003485 =7.10 .0006122
Pressurs 2280 15.2 .006667 1.1 .0001.300
Flow 1.0 .G0gS 008500 1.26 .0001147
. Bypass .94 . 00866 .008213 1.26 .0001347
F 1.49 .0362 024300 -2.16  .0027550
Féﬁ ; 1.0 .0182 .018200 -0.89 .0002524
THINC 4 1.0 .02 .020000 - 1.0 .0004000
Transient Code 1.0 .00s 005000 1.0 .0000250
R -
.0045751
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Parameter

——— . a———.

Inlet Tewp-rature
Pressure

Vessel Flow

Effective Flow
Fraction (Bypass)

Fa

E
FAu'l
THINC 1V

Transient Code

inal Value

100X Power
§59.6°F
2289 psia

393600

0.9

1.49

1.0

TABLE 1

MCGUIRE ITDP

Range

Uncertainty Equivalent
Standard Deviatfon

Sensitivity
(% DNBR/% Parameter)
Typical Thimble

Lell Lell

ta,c)
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Parameter

Power
Tin
Pressure
Flew

Bypass
- N
P-LH

E
Fai

THINC 4

Transient Code

-~

EASERISTRY CLass 1l

TA8LE 3

CALCULATICN OF DESIGN ONZR LIMIT 70R THIMBLZ CELL

¢ Ty e
G2 = sl e 52 2.
wy 1 2
wherg o = standard daviation
¥ = mean
S = sensitivity
Mean (y) c e/u
r
1.0
533.5
2280
1.0
.84
1.4%9
1.0
1.0
1.0

; =
(;1) = /T s"z(:;’!‘-)z = .067539

y n

Lorrelasion Limis

Oesign CHER Limit = i=(Comoinee ¢)(1.34%)

Design ONBR Limit = 1,316
3

>

1,17

e

——

0045731

=(.vb7839)(1,845)



