Westinghouse Water Reactor S
Electric Corporation Divisions B0x 3812

Pimsourgn Pernsyivania 15230

CAW-84-78
August 7, 1984

Mr. Harcld R. Denton Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Phillips Building

7920 Norfolk Avenue

Bethesda, Maryland 20014

Dear Mr. Denton:
APPLICATION FOR WITHHOLDING PROPRIETARY
" INFORMATION FROM PUBLIC DISCLOSURE

Reference: Wisconsin Electric Power Company letters, Fay to Denton,
dated March 14, 19583 and September 6, 1983

The proprietary material for which withholding is being requested by the
Wisconsin Electric Power Company is proprietary to Westinghouse and
withholding is requested pursuant to the provisions of Paragraph (b)(1)
of Section 2.790 of the Commission's regulations. Withholding from
public disclosure is requested with respect to the subject information
which is further identified in the affidavit accompanying this
application.

The proprietary material transmitted by the referenced letter
supplements the proprietary material previously submitted. Further, the
affidavit submitted to justify the previous material was approved by the
Comniss{on on April 17, 1978, and is equally applicable to the subject
material,

Accordingly, withholding the subject information from public disclosure
is requested in accordance with the previously submitted affidavit,
AW-76-60, a copy of which is attached.

Accordingly, this letter authorized the use of the proprietary
information and affidavit AW-76-60 by the Wisconsin Electric Power
Company for the Point Beach Nuclear Plant.
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Mr. Harold R. Denton -2 - August 7, 1984

Correspondence with respect to this application for withholding or the
accompanying affidavit should reference CAW-84-78 and be addressed to
the undersigned.

Very truly yours,

Robert A. Wiesemann, ﬁanager

Regulatory and Legislative Affairs

Enclosures(s)
cc: E. C. Shomaker, Eso
0ffice of the Executive Legal Director, NRC
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AW-76-80

AFFIDAYIT

COMMONWEALTH OF PENNSYLVANIA:
: s
COUNTY OF ALLEGHENY:

Before me, the undersigned authority, perscnally appeared
Robert A. Wiesemann, who, being by me duly sworn accarding to law, de-
poses and says that he is authorized to execute this Affidavit on behalf
of H'ostinqhousc Electric Corporation ("\estinghcuse") and that the aver-
ments of fact set forth in this Affidavit are true and correct to the
best of his kncwledg2, information, and belief:

- / /‘ I .2
@ ‘t_{& ! /-:L/.JJV..Q. !f.:()

Ropert A. 4iesamann, 1anager
Licensing Programs

Sworn to and subscribed
before, me tms/ day
of _Liixlut 1976,

’{é,{{/.’— .{'l [/ &8l e
/ Netary Puplic
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(1) 1 am Manager, Licensing Programs, in the Pressurized Water Reactor
Systems Division, of Kastinghouse flectric Corporation and as such,
I have been specificilly delegated the function of reviewing the
proprietary information sought %0 be withheld freom sublic dis-
closure in connaction with nuclear power plant licensing or rule-
making proceedings, and am authorizad to agply for its withholding
or behalf of the Westinghouse Watar Reactor Divisicns.

(2) 1 am making this Affidavit in conformance with the pravisions of
10 CFR Secticn 2.790 of the Commissicn's regulaticns and in con-
junction with the Westinghouse application for withholding ac-
companying this Affidavit. i

(3) I have personal knewladga of the critaria and procedures uytilized
by Westinghouse Nuclear Energy Systems in designating informaticn
as a trade secret, privileged or 3s conficantial commercial or
financial information. '

(4) Pursuant to the provisions of paragraph (b)(4) of Secticn 2.790
of the Commission's regulations, the following is furnished for
considaration by the Commissicn in determining whether the in-
formation scught to de withneld from public disclosure should e
wi:.‘xnc]p:

(i) The information sought to be withneld frem public disclosure
is owned and has been Held in configence iy ‘estinghouse.



(1)
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The information is of a type customarily held in confidence by
Westinghouse and not customarily disclesad to the public.
Westinghouse has a raticnal basis for determining the types of
information customarily held in confidence by it and, in that
connection, utilizes a system to determine when and whether %0
hold certain types of information in confidence. The ap-
plication of that systam and the substance of that systam
constitytes Westinghouse policy and provides the raticnal
basis required.

Under that system, information is held in confidenca if it
falls in one or more of several types, the release of which
might result in the less of an existing or potentia. com-
petitive advantage, as follows:

(a) The information reveals the distinguishing aspects of a
‘process (or component, structure, tool, methed, etc.)
where prevention of its uce by any ¢f Westinghousa's
competitors without license from Westinghouse constitutes
3 competitive economic advantage over other companies.

(b) It consists of supporting data, including test data,
relative to a process (or ccmpcnent, structure, tool,
method, etc.), the application of which data secures 2
competitive economic advantage, e.3., by optimizaticn or
{mproved marketadbility.
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(¢) 1Its use by a competitor would reduce his expenditure

" of resources or improve his competitive position in the
design, manufacture, shipment, installation, assurance
of quality, or licensing a similar product.

(d) It reveals cost or price information, production cap-
acities, budget levels, or commercial strategies of
Westinghouse, its customers or suppliers.

(e) It reveals aspects of past, present, or future hest-
fnghouse or customer funded davelopment plans and pro-
grams of potantial commercial value to Hestinchousa.

(f) It contains patantable {deas, for which patent pro-
taction may be desirabie.

(g) It is not the property of Westinghouse, but must be
treatad as proprietary by Wastinghousz according to
agreements with the owner. ;

There are scund policy reascons behind the Westinghouse
system which include the following:

(a) The use of such information By Yestingnsuse 3ives
Westinghouse a competitive acvantage over its come
petitors. It is, therefore, withheld from disclesure
to protec: the Yestinghouse comsetitive positien.



(d)

(e)

(d)

(e)

()
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It is information which is marketabie in many ways.
The extent %0 which such information is available to
competitors diminishes the estinghouse ability to
sell products and services invelving the use of the
information.

Use by our competitsr would put Westinghouse at a
competitive disadvantage by reducing his expencditure
of resourcas at our expense.

Each component of proprietary informatiun pertinent

to a particular competitive advantace is pctantially

as valuable as the total competitive advantage. If
competitors acquire compenents of proprietary infor-
mation, any one compcnent may be the key to the entire
puzzle, thereby depriving Westinghcuse of a competitive
advantage.

Unrestricted disclosure would jeopardize the position

" of prominence of Westinghousae in: the world market,

and thercby give a market advantage to the competition
in those countries.

The Westinghouse capacity to invest corporate issets
in research and develiopment cepends upon the success
in obtaining and maintaining 3 competitive advantage.
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(i11)

(iv)

(v)

-6~ AN-T76-5C

The information is being transmitiod to the Commission in
confidence and, uncer the previsions of 10 CFR Sectien 2.7%0,
it is to be recaived in confidence by the Commission.

THe information is not available in public sources to the
best of our knowledge and belief.

The proprietary information sought to be withheld in this sub-
mittal is that which is appropriately marked in the attach-
ment to Westinghouse letter number NS-{Z-1298, Eicheldinger to
Stolz, dated Decamber 1, 1978, concerning infarmaticn relating
to NRC review of WCAP-£3G67-P and \CAP-8563 cntitled, “Improved
Thermal Design Procecdure,” defining the sensitivity of ONB
ratio to various core parameters. The letisr and attachment
are being submitied in response to the NRC request at the
October 25, 1976 NRC/Westinghcuse maeting.

This information enables Westinghouse to:
(a) Justify the Westinghouse design.

(b) A.ss‘lst fts customers to obtain iicenses.
(ci Meet warranties.

(d) Provide greatar cperaticnal flexibilizy %0 custamers
assuring them of safe and reliable operation.

(e) Justify increased sower capability or sperating marszin
for plants wnile assuring safe and reliable cperaticn.
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(f) Optimize reactor desisn and performance while maintaining .
2 high Tevel of fuel intagrity. '

Further, the information gained frcm the improved therm:l
design procedure is of significant cormercial value as follows:

(a) Westinghcuse uses the infocrmaticon to perform and justify ‘
analyses which are sold to custcmers.

(b) Westinghouse salls analysis sarvicas based upon the
experience gained ind the methods developed.

. Public disclosure of this information concerning design pro-
cedures is likely to cause substantial harm to the competitive
position of Westinghouse Secause competitors could utilize

6 this information to assess and justify their own designs
without commensurata expanse.

The parametric analyses jperformed and their evaluaticn represent

a considerable amount of highly qualified development effort. !
This work was contingent upon a design method develcpment pro-

gram which has been underway during the past two years.

Altogether, a substantial amount of mcney and effort has deen
expended by Westinghousa which could only e duplicated by a
competitor if he were to invest similar sums of money and pro-

vided he had the appropriate talent availadle.

Further the deponent sayeth not.

— ‘






Question 1:

The safety analysis for Point Beach references WCAP-3500-A which describes a
17x17 optimized fuel assembly (OFA). Provide justification for its
application to the 14x14 OFA used in Point Beach.

Response:

The fuel design bases and criteria for Westinghouse 14x14 OFAs are the same as
those discussed in Sections 4.2 and 4.4.1.2 of WCAP-3500 for the Westinghouse
17x17 OFA design. Verificalion that these criteria are met for Westinghouse
fuel in the Point Beach Units is performed using the design methodology and
models discussed in WCAP-9272, "Westinghouse Reload Safety Evaluation
Methodology". These methods and core models used in the reload transition
analysis are the same which have been used in the past Point Beach reload
cycle designs. No changes in the nuclear design philosophy, methods or models
are necessary due to the transition to OFA. Based on prototype hydraulic
testing of the standard and the OFA assemblies, it was concluded that they are
hydraulically compatible, and all of the current thermal and hydraulic design
criteria are satisfied.

1565L/081084 1-1



Question 2:

In our Safety Evaluation Report on WCAP-9500, "Reference Core Report 17x17
Optimized Fuel Assembly," the staff required that those plants using the
Westinghouse Improved Thermal Design Procedure (ITDP) supply additional
information on the plant specific application of the ITOP. Since the licensee
is using the ITDP to perform their thermal-hydraulic analyses, we will require

the following:

)

2)

3)

4)

5)

6)

7)

Provide the sensitivity factors (Si) and their range of
applicability;

If the Si values used in the Point Beach analyses are different
from those used in WCAP-9500, then the applicant should re-evaluate
the use of an uncertainty allowance for application of equation 3-2
of WCAP-8567, "Improved Thermal Design Procedure," and they should
validate the linearity assumption;

If there are any changes to the THINC-IV correlations, or parameter
values outside of previously demonstrated acceptable ranges, the
staff will require a re-evaluation of the sensitivity factors and/or
the use of equation 3-2 of WCAP-8567.

Provide and justify the variances and distributions for the input
parameters;

Justify that the nominal conditions used in the analyses bound all
permitted modes of plant operation (including future operating
cycles);

Provide a discussion of what code uncertainties, including their
values, are included in the DNBR analyses; and

Provide a block diagram depicting sensors, processing equipment,
computer and readout devices for each parameter channel used in the

1565L/081084 2-1



Response:

1)

2)

3)

(4),

(6)

uncertainty analysis. Within each element of the block diagram
identify the accuracy, drift, range, span, operating limits, and
setpoints. [Identify the overall accuracy of each channel transmitter
to final output and specify the minimum acceptable accuracy for use
with the new procedure. Also identify the overall accuracy of the
final output value and u‘xinuu accuracy requirements for each input
channel for this final output device.

The sensitivity factors and their range of applicability are given in
Table 2-1 for 14x14 OFA fuel. These sensitivities have been
determined using the WRB-1 ONB correlation.

The S1 values used in the Point Beach OFA analyses are different

from those used in WCAP-9500 because the WCAP-9500 sensitivity values
are not applicable to the 14x14 OFA fuel geometry. The uncertainty
allowance calculation is shown in Tables 2-2 and 2-3 for typical and
thimble cells, respectively.

For the Point Beach units, the THINC IV code and the WRB-1 DNB
correlation are the same as that used in WCAP-3500 for Westinghouse
OFA fuel. A1) parameter values are within the rances of codes and
correlations used, and sensitivity factors have been determined
specific to the fuel type over the range of Point Zeach plant
parameters.

(5), and (7) - The responses to these questions are given in
Appendix 1 and Attachments A and B to Appendix 1. The uncertainties
conservatively bound those associated with Point Beach
instrumentation.

Code uncertainty values that have been used in the ONB calculations
are shown in Tables 2-2 and 2-3.

1540L:6/081084 2-2
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TABLE 2-3

CALCULATION OF DESIGN DNPR LIMIT FOR THIMBLE CELL

]*(a,C)
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ATTACHMENT TO QUESTION 2

APPENDIX 1

INSTRUMENT UNCERTAINTIES FCR THE POINT BEACH
ITDP CALCULATIONS

Use of the Improved Thermal Design Procedure (ITDP) requires the calculation of
the standard deviation (¢) for RCS pressure, temperature, power, and flow. For
plants using Sostman or Rosemount RTDs, Westinghouse has determined on 3 generic
basis, the uncertainty for the Tavg portion of the Rod Control System and a
precision RCS flow calorimetric. In addition generic calculations have been
made to determine the uncertainty for the Pressurizer Pressure control system
and a da.ly power calorimetric. These generic calculations are outlined in
Attachment A. The calculations for Point Beach were performed using input
supplied by the plant (Attachment B) and the methodology and equations supplied
in Attachment A. "lant specific variations from the generic calculations will
be identified in each of the sections covering the four parameters. The first
parameter to be discussed is Pressurizer Frecsure.

Precsurizer Pressure

The uncertainty in pressure is tased on the accuracy of the Pressurizer Pressure
control system. Using Equation 3 from Attachment A and the individual
uncertainties noted on Attachment B, it was determined that the total
uncertainty for the control system is [ i iR Allowing for the
interaction of the Pressurizer spray and heaters results in an uncertainty of

( 1*%1C,  Assuming 2 normal, two sided probability distribution results
in e =2 ( ]“'c, which is the value used in the ITDP analysis.

Iavg
The uncertainty in Tavg is determined by looking at the Tavg input to the Rod
Control System. As noted in Attachment A an auctioneered value is compared with
a reference as a function of power. The two inputs to the control system are
Tavg ((TH + rc}/z) and First Stage Turbine Irpulse Chamber Pressure (the

reference signa.). Using Equation 3 of Attachment A and the instrument



uncertainties for Point Beach from Attachment B, it was determined that the
accuracy of the control system is [ 9 However, this does not
include the uncertainty for the control system deadband. The deadband
uncertainty is noted on page 7b of Attachment A and when combined with the
control system uncertainty, results in a total uncertainty of

( 1506 Assuming a normal two sided probability distribution
results in ¢ = [ 1*3C the value used in the analysis.

Beactor Power

To determine the uncertainty in the daily power calorimetric is somewhat more
complicated than determining the uncertainties in pressure and Tavg' However
section III.3.b of Attachment A lists the generic assumptions and equations used
by Westinghouse. A similar caliculation was performed for Point Beach using
Equation 2 of Attachment A and those uncertainties from Attachment B noted as
"Power Calorimetric". Using these and plant specific sensitivity values an
equivalent of Table 2b of Attachment A can be constructed. For Point Beach the

equivalent is as follows:



Feedwater Flow

Venturi

Thermal Expansion Coefficient
Temperature
Material

Density
Temperature
Pressure

A6

Feedwater Enthalpy
Temperature
Pressure

Steam Enthalpy
Pressure

Moisture

Net Pump Heat Addition

* Dependent Parameters [ e
*#* Dependent Parameters [ e

As noted above some of the parameters are statistically dependent. In
Attachment A this was ignored based on the conservatism of the assumed values.
However for Point Beach actual plant values were used, therefore the degree of
conservatism was less. The Point Beach calculation was performed treating
dependent parameters correctly, as noted above. Carrying through the
calculations for a single loop, the uncertainty in power is [

For a two loop plant the uncertainty is [ 1", The

standard deviation for this parameter, as used in the ITDP calculations is ¢ =
( e,



- RS Elow

The uncertainty in RCS Flow is the combination of two uncertainties, 1) a
precision flow calorimetric (performed at the beginning of each cycle), and 2)
the Cold Leg Elbow Taps (which are normalized to the flow calorimetric). The
first uncertainty to be discussed is the flow calorimetric. A flow calorimetric
is essentially a power calorimetric with the additional measurement of TH' Tc
and Pressurizer Pressure. Unlike the daily power calorimetric which assumed
that the measurement values were from the plant process comnuter, the precision
flow measurement assumes that the most accurate means reasonably available is
used. This implies the use of recently calibrated special test instrumentation
and DVMs. It also assumes that multiple measurements of each loop's parameters
are made over an appreciable period of time (typically once every five minutes
over a one hour period). These two assumptions eliminate drift effects and
small parameter variations due to power or temperature oscillations. In
addition, the measurement should be performed at the beginning of the cycle (or
use an LEFM) to eliminate possible venturi fouling after startup.

The basic methodology and equations used are noted in Section III.4.b of
Attachment A. For the Point Beach specific calculations, Equation 1 of
Attachment A and those uncertainties from Attachment B noted as "Flow
Calorimetric" were used. In addition Point Beach has noted that multiple
channels will be measured for a given parameter on a loop. An example of this
is Steamline Pressure. There are three channels for measuring Steamline
Pressure on each of the two steamlines. All wnree of the channels will be
measured and averaged to calculate the average steamline pressure for that loop
for the period of the measurement. Those parameters for which multiple channels
will be measured on each loop are:

Steamline Pressure - 3 channels/loop,
TH - 2 channels/loop and
Tc - 2 channels/loop.

In addition all four Pressurizer Pressure channels will be averaged, thus
requiring this uncertainty to be treated as a system error, not a loop error.
It should alsc be noted that Point Beach has installed a Leading Edge Flow Meter



(LEFM) in the common feedwater header. Use of the LEFM would then require
treatment of the feedwater flow uncertainty as a system error.

Based on use of the uncertainties of Attachment B and plant specific
sensitivities, it is possible to construct a table equivalent to Table 3b of
Attachment A. For Point Beach the equivalent table assuming use of the
feedwater venturi's for flow measurement is:



Component

Feedwater Flow

Venturi

Thermal Expansion Coefficient
Temperature
Material

Density
Temperature
Pressure

ap

Feedwater Enthalpy
Temperature
Pressure

Steam Enthalpy
Pressure
Moisture

Net Pump Heat Addition

Hot Leg Enthalpy
Temperature
Streaming
Pressure

Cold Leg Enthalpy
Temperature
Pressure

* Dependent Parameters [
0 Dependent Parameters [
0 Dependent Pzrameters |

lostrument Error Uncertainty

1+3,C

1*a¢

1+a,c

|+
- 4
it




For a single loop the uncertainty (after

» ++a,C

rigorous manner, 135

++a,C

If 1 . 5 used to measure feedwater flow (with 3 corresponding

accurate measurement of feedwater temperature) the secondary side

are revised to as follows:

system un

jeviatior

However,

is the uncertainty of
per loop is ready by
uncertainty for one I«

ks ' L 5 -
total uncertainties f{




g

would then result in a standard deviaticn of [

In summary, the following uncertainties and standard deviations were calculated
for use in the ITDP analysis.

Pressurizer Pressure Control
Roed Control (Temperature)
Power Calorimetric

RCS Flow




Question 3:

Please identify the limiting ONBR transient and provide the results of the
analysis of the event, including the calculated value of minimum DNBR.

Response:

The limiting ONB transient is Uncontrolled RCCA Withdrawal at Power. Results
of this pestulated event, including figures of the minimum calculated values
of DNBR, are attached.

1565L/C81084 3-1



Question 3 Attachment

14.1.2 Uncontrolled RCCA Withdrawal at Power

An uncontrolled RCCA withdrawal at power resuits in an increase in core heat
flux. Since the heat extraction from the steam generator remains constant,
there is a net increase in reactor coolant temperature. Unlass terminated by
manual or automatic action, this power mismatch and resultant coolant
temperature rise would eventually result in DNB. Therefore, to prevent the
possibility of damage to the cladding, the Reactor Protection System fs
designed to terminate any such transient with an adequate margin to ONB.

The automatic features of the Reactor Protection System which prevent core
damage in a rod withdrawal accident at power include the following:

1. Nuclear power range instrumentation actuates a reactor trip if two out
of the four channels exceed an overpower setpoint.

2. Reactor trip is actuated if any two out of four AT channels exceed
an overtemperature AT setpoint. This setpoint is automatically
varied with axial power imbalance, coclant temperature and pressure to
protect against ONB.

3. Reactor trip is actuated if any two out of four AT channels exceed
an overpower AT setpoint. This setpoint is automatically varied
with axial power imbalance and coolant temperature to ensure that the
allowable heat generation rate (kw/ft) is not exceeded.

4. A high pressure reactor trip, actuated from any two out of three
pressure channels, is set at a fixed point. This set pressure will be
less than the set pressure for the pressurizer safety valves.

3-2
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5. A high pressurizer water level reactor trip, actuated from any two out
of three level channels, is actuated at a fixed setpoint. This
affords additional protection for RCCA withdrawal accidents.

The manner in which the combination of overpower and overtemperature AT

trips provides protection over the full range of reactor coolant system
conditions is i1llustrated in Figure 14-1. Figure l4-1 presents allowable
reactor loop average temperature and AT for the design power distribution

and flow as a function of primary coolant pressure. The boundaries of
operation defined by the overpower AT trip and the overtemperature AT trip
are represented as "protection lines" on this diagram. These protection lines
are drawn to include all adverse instrumentation and setpcint errors, so that
under nominal conditions trip would occur well within the area bounded by
these lines. A maximum steady state operating condition for the reactor is
also shown on the Figure.

The utility of the diagram just described is in the fact that the operating
limit imposed by any given DNB ratio can be represented as a line on this
coordinate system. The DNB lines represent the locus of conditions for which
the DNBR equals the l1imit value (1.65 for the thimble cell and 1.66 for the
typical cell). All points below and to the left of this line have a ONB ratio
greater than this value. The diagram shows that DNB is prevented for all
cases if the area enclosed within the maximum protection lines is not
traversed by the applicable DNB ratio line at any point.

The region of permissible operation (power, pressure, and temperature) is

completely bounded by the combination of reactor trips: nuclear overpower
(fixed setpoint); high pressure (fixed setpoint); low pressure

3-3
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(fixed setpoint), overpower and overtemperature AT (variable setpoints).
These trips are designed to prevent overpower and a DNB ratio of less than the
limit value.

Method of Analysis

Uncontrolled rod cluster contro! assembly bank withdrawal is analyzed by the
LOFTRAN code. This code simulates the neutron kinetics, reactor coolant
system, pressurizer, pressurizer relief and safety valves, pressurizer spray,
steam generator, and steam generator safety valves. The code computes
pertinent plant variables, including temperatures, pressures, and power
level. The core limits, as illustrated in Figure 14-1, are used as input to
LOFTRAN to determine the minimum departure from nucleate boiling ratio during
the transient. This accident is anaiyzed with the Improved Thermal Design
Procedure as described in WCAP-8567.

In order to obtain conservative values of departure from nucleate boiling
ratio, the following assumptions are made:

1. Initial Conditions - Initial reactor power, reactor coolant average
temperatures, and reduced reactor conlant pressure (2000 psia) are
assumed to be at their nominal values. Uncertainties in initial
conditions are included in the limit DNBR as described in WCAP-8567.

2. Reactivity Coefficients - Two cases are analyzed.

3-5
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a. Minimum Reactivity Feedback - A positive (5 pem/°F) moderator
coefficient of reactivity is assumed, corresponding to the
beginning of core life. A variable Doppler power coefficient with
core power is used in the analysis. A conservatively small (in
absolute magnitude) value is assumed.

b. Maximum Reactivity Feedback - A conservatively large positive
moderator density coefficient and a large (in absolute magnitude)
negative Doppler power coefficient are assumed.

3. The rod cluster control assembly trip insertion characteristic is
based on the assumption that the highest worth assembly is stuck in
fts fully withdrawn position.

4. The reactor trip on high neutron flux is assumed to be actuated at a
conservative value of 118% of nominal full power. The overtemperature
AT trip includes all adverse instrumentation and setpoint errors;
the delays for trip actuation are assumed to be the maximum values.
No credit was taken for the other expected trip functions.

5. The maximum positive reactivity insertion rate is greater than that
for the simultaneous withdrawal of the combination of the two control
banks having the maximum combined worth at maximum speed.

The effect of rod cluster control assembly movement on the axial core power
distribution is accounted for by causing a decrease in overtemperature and
overpower AT trip setpoints proportional to a decrease in margin to ONB.

Results

Figures 14.1.2-1 and 14.1.2-2 show the response of neutron flux, pressure,
average coolant temperature, and departure from nucleate boiling

3-6
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Referring to Figure 14.1.2-6, for example, it is noted that:

For high reactivity insertion rates (i.e., between ~100

pcm/second and ~5 pcm/second), reactor trip is initiated by the

high neutron flux trip for the minimum reactivity feedback cases.
The neutron flux level in the core rises rapidly for these insertion
rates, while core heat fiux and coolant system temperature lag
behind due to the thermal capacity of the fuel and coolant system
fluid. Thus, the reactor is tripped prior to significant increase
fn heat flux or water temperature with resultant high minimum
departure from nucleate boiling ratios during the transient. Within
this range, as the reactivity insertion rate decreases, core heat
flux and coolant temperatures can remain more nearly in equilibrium
with the neutron flux; minimum ONBR during the transient thus
decreases with decreasing insertion rate.

With further decrease in reactivity insertion rate, the overtempera-
ture AT and high neutron flux trips become equally effective in
terminating the transient (e.g., at ~4 pcm/second

reactivity insertion rate).

The overtemperature AT reactor trip circuit initiates a reactor
trip when measured coclant loop AT exceeds a setpoint based on
measured reactor coolant system average temperature and pressure.
[t is important in this context to note, however, that the average
temperature contribution to the circuit is lead-lag compensated in
order to decrease the effect of the thermal capacity of the reactor
coolant system in response to power increases

For reactivity insertion rates between ~4 pcm/second and

~.6 pcm/second, the effectiveness of the overtemperature AT trip
increases (in terms of increased minimum departure from nucleate

3-8
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boiling ratio) due to the fact that, with lower insertion rates, the
power increase rate is slower, the rate of rise of average coolant
temperature is slower, and the lead-lag compensation provided can
increasingly account for the coolant system thermai capacity lag.

3. For maximum reactivity feedback cases reactivity insertion rates less
than ~60 pcm/second, the rise in reactor cocolant temperature is
sufficiently high so that the steam generator safety valve setpoint is
reached prior to trip. Opening these valves, which act as an
additional heat load on the reactor coolant system, sharply decreases
the rate of rise of reactor coolant system average temperature. This
decrease in rate of rise of the average coolant system temperature
during the transient is accentuated by the lead-lag compensation,
causing the overtemperature AT trip setpoint to be reached later
with resulting lower minimum departure from nucleate boiling ratios.

Figures 14.1.2-5, 14.1.2-6, and 14.1.2-7 illustrate minimum departure from
nucleate boiling ratio calculated for minimum and maximum reactivity
feedback. The calculated sequence of events for this accident is shown in
Table 14.1.2-1.

Conclusions

In the unlikely event of an at power (either from full power or iower power
levels) control rod bank withdrawal incident, the core and reactor coolant
system are not adversely affected since the minimum value of ONB ratio reached
fs in excess of the ONB 1imit value for all rod reactivity rates. Protection
fs provided by nuclear flux overpower and overtemperature AT. Additional
protection would be provided by the high pressurizer level, overpower AT,

and the high pressure reactor trip. The preceding sections have described the
effectiveness of these protection channels.

3-9
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TABLE 14.1.2-1

TIME SEQUENCE OF EVENTS FOR

UNCONTROLLED RCCA WITHDRAWAL AT POWER

Time of Each Event

Event (Seconds)
Case A:

Initiation of uncontrolled rod cluster 0
control assembly withdrawal at full power

and maximum reactivity insertion rate

(100 pecm/sec)

Power range high neutron flux high trip point reached 1.061
Rods begin to fall into core 1.561
Minimum departure from nucleate boiling ratio occurs 2:5
Case B:

Initiation ¢® uncontrolled rod cluster control 0
assembly withdrawal at 10% power and at a small

reactivity insertion rate (4 pcm/sec)

Overtemperature AT reactor trip signal fnitiated 125.80
Rods begin to fall into core 127.80
Minimum departure from nucleate boiling ratio occurs 128.2

3-10
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Question 4:

Please provide a table of kinetics parameter ranges for the standard core,
mixed cores and OFA core.

Response:

Table 4-1 provides the required kinetic parameters.

4-]
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e §

TABLE &-1
LIMITS USED IN THE IKANSIENT ANALYSIS

Peramgrer Standard fuel Cog OtA Core®
"ost Fusitive MIC (pem/°F) o.n * .0
Hust NMegative MIC (pem/°F) -i%.0 -3%.0
Most Megative DIC [pem/®F) -1.6 -2.9
feast Nogacive DIC (pom/®F) -1.u -0.91
Woal negstive DPC (pem/®f) - -
least Negative DPC (pom/% power) - -

P ron wWorth (pem/ppm) g . Sl

M. onimom Boron worth (pcm/ppm) - e
Myomem Beta erff . onjoo o. 0072
Mithiamen Jeta ot f 0. UuaS53 0. 0u43

-6
Moximum Prompg heutren Lifetime (10 sec) 8 26

Sihwe limits TOr @ LEANSILION core a ¢ the same as for an all OFA core.

15400 : 6/v8 1084

-13.3

a.
2
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Question §5:

Provide mor> information on the results of the reanalysis for the Uncontrolled
Rod Withdrawal at Power. [n the updated FSAR this event is apparently the
limiting ONBR transient. Provide guantitative discussion of the effect of OFA
and positise MTC on this event.

Response:

The safety evaiuation for Pt. Beach OFA transition core has demonstrated that
the ONB design basis has been met for this transient for both optimized and
standard fuel consistent with the Thermal/Hydraulic methodology used to
evaluate each fuel type as specified in the Safety Evaluation for Point Beach
Units 1 and 2 Transition to Westinghouse 14x14 Optimized Fue! Assemblies
[Reference Attachment B of September 6, 1983 letter from Fay (WEPCO) to Denton
(NRC)]. The moderator temperature coefficient has been assumed at its most
conservative value within the bounds of Technical Specification 15.3.1
regarding MTC.

1540L:6/081084




Question 6:

Provide a qualitative discussion of the affect of the various changes (OFA,
positive MTC, RAQC, etc.) on all other events that were reanalyzed.

Response:

General discussions of the impacts due tc OFA, positive MTC, FAH

multiplier, RAOC and other changes are discussed in Section 6.1 of Attachment
B to letter of September 6, 1983 from Fay (WEPCO) to Denton (NRC);
discussions <pecific to the variou: transients are included in Section 6.2 of
that document.

1540L:6/081084 5=-1



Question 7:

Provide a discussion of the Primary System Pipe Rupture (small break LOCA)
event.

Responsa:

The small break LOCA analysis for Point Beach applicable to transition and
full OFA core cycles was reanalyzed duz to the differences between
Westinghouse standard and OFA designs. The currently approved October 1975
small break ECCS evaluation model was utilized for a spectrum of coid-leg
breaks.

When assessing the transition core impact on small break LOCA, the only
mechanism available to cause a transition core to have a greater calculated
PCT than a full core of either fuel is the possibility of flow redistribution
due to fuel assembly hydraulic resistance mismatch.

The W-FLASH computer code was used to model the core hydraulics during a small
break LOCA event. Only one core flow channel was modeled in W=FLASH, since
the core flowrate during a small break LOCA is relatively low, and this
provides enough time to maintain flow equilibrium between fuel assemblies
(i.e., crossflow). Therefore, hydraulic resistance mismatch is not a factor
for small break LOCA. Thus it was not necessary to perform a small break
evaluation for transition cores and it was sufficient to reference the small
break LOCA for the full core of the OFA design.

The small break OFA LOCA analysis for Point Beach utilizing the currently
approved 1975 Small Break Evaluation model resulted in a PCT of 992°F for the
6-inch diameter cold-leg break. The analysis assumed the worst small break
power shape consistent with a LOCA FQ envelope of 2.32 at core midplane
elevation and 1.5 at the top of the core.

Analyses showed that the high and low head portions of the ECCS, together with
the accumulators, provided sufficient core flooding to keep the calculated PCT

7-1
1565L:6/081084



well below the rec.ired limits of 10 CFR 50.46. Adequate protection is
therefore afforded by the ECCS in the event of a small break LOCA in the Point
Beach Units.

7-2
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Question 8:

Westinghouse has recognized that, under certain circumstances, the “SAR
analysis of the aropped rod event for turbine runback plants may not be
complete. Specifically dropping a very low worth rod would lead to a turbine
runback to 78 percent power but would not reduce core power by this amount.
Thus a core turbine mismatch would be created with possible violation of DNBR
limits. Please confirm that an analysis of this scenario has been performed,
describe the analysis procedure, and provide the results for the limiting core
configuration.

Response:

A reanalysis of the dropped rod event for Point Beach hac been performed to
address this issue. A description, including methods, assumptions, results
and conclusions is attached. The ONB design basis has been confirmed to be
met for this event.

8-1
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Question 8 Attachment

Rod Cluster Control Assembly (RCCA) Drop

Dropping of a full-length RCCA occurs when the drive mechanism is
deenergized. This would cause a power reduction and an increase in the hot
channel factor. If no protective action occurred, the Reactor Control System
would restore the power to the level which existed before the incident. This
would lead to a reduced safety margin or possibly DNB, depending upon the
magnitude of the resultant hot channel factor.

If an RCCA drops into the core during power operation, it would be detected by
either a rod bottom signal, by an out-of-core chamber, or both. The rod
bottom signal device provides an indication signal for each RCCA. The other
independent indication of a dropped RCCA is cbtained by using the out-of-core
power range channel signals. This rod drop detection circuit is actuated upon
sensing a rapid decrease in local flux and is Jesigned such that normal load
variations do not cause it to be actuated.

A rod drop signal from any rod position indication channel, or from one or
more of the four power range channels, initiates the following protective
action: reduction of the turbine load by a preset adjustable amount and
blocking of further automatic rod withdrawal. The turbine runback is achieved
by acting upon the turbine load limit and/or on the turbine load reference.
The rod withdrawal Dlock is redundantly achieved.

Method of Analysis

The transient following a dropped RCCA accident is determined by a detailed
digital simulation of the plant. The dropped rod causes a step decrease in
reactivity and the core power generation is determined using the LOFTRAN

code. The overall response is calculated by simulating the turbine load
runback and przventing rod withdrawal. The analysis is pre.ented for the case
in which the load cutback is greater than that required to match the worth of
the dropped rod (75pcm). The load is assumed to be cut back from 100 to 76%
of full load at a conservatively sluw rate of approximately 1% per second.

8-2
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The least negative values of moderator and Doppler temperature coefficients of
reactivity are used in this analysis resulting in the highest heat flux during
the transient. These are moderator density coefficient of reactivity of

0.0 so/gm/cc and a Doppler temperature coefficient of reactivity of

-1 pcm/°F.

This accident is analyzed with the Improved Thermal Design Procedure as
described in WCAP-8567.

Results

Figures 14.1.3-4 through 14.1.3-6 iliustrate the transient response following
a dropped rod of worth 75 pcm. The reactor coolant average temperature
decreases initially, due to the decrease in reactor core power. Since the
drop in power is less than the drop in load, with no reactivity feedback,
coolant temperature then increases. The higher primary power level (as
opposed to secondary) is eventually matched by opening of the steam
generator safety valves. Steady-state conditions are then achieved.

8-3
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ATTACHMENT A - GENERIC CALCULATIONS (TO APPENDIX 1)
Questions:

4) Provide and justify the varfances and distributions for input
parameters.

5) Justify that the ncminal conditions used in the analyses bound all
permitted modes of plant operation.

7 Provide a block diagram depicting :or-lsor. processing equipment,
computer, and readout devices for each parameter channel used in
the uncertainty analysis. Within each element of the dlock dia-
gram identify the accuracy, drift, range, span, operating limits,
and setpoinis. Identify the overall accuracy of each channel
transmitter to final output and specify the minimum accestabdle
accuracy for use with the new procedure. Also identify the over-
a1l accuracy of the final output value and maximum accuracy
requirements fo~ each input channel for this final output device.

Response : Rosemount RTDs
8 INTRODUCTION

Four operating parameter uncertainties are used im the yncertainty ana-
lysis of the Improved Thermal Desigm Procedure (ITDP). These operating
parameters are pressurizer pressure, primary coclant temperature
(T"q). reactor power, and reactar coolant system flow. These para-
meters are monitored on a regular basis and several are ysed for control
purposes. The reactor power {s monitored by the performance of a secon-
dary side heat dalance (power calorimetric measurement) at least once
every 24 hours. The RCS flow is manitored by the performance of a pre-
cision flow calorimetric measurement at the beginning of each cycle.

The RCS loop elbow taps can hen de normalized against the precision

total uncertainty) or a precisiom flow calorimetric can de performed an



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. T”g is a controlled 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 system.

Since 1978 Westinghouse has been deeply involved with the development of
several tachniques to treat instrumentation uncertainties, 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 Proccdun"“'z'z) which is based on
the conservative assumption that the uncertainties can be described with
uniform probability distributions. 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
- in that the "tails" of the normal distribution are in reality “chopped”
at the extremes of the range, i.e., the ranges - r uncertainties are
finite and thus, allowing for some probability in excess of the range
Timits is a conservative assumption. This approach has been used to
substantiate the acceptability of the protection system setpoints for
several plants with a Westinghouse NSSS, e.g., D. C. Cook II“). North
Anna Unit 1, Salem Unit 2, Sequoyah Unit 1, Y. C. Surmer, and McGuire
Unit 1. Westinghouse now believes that the latter approach can be uses
for the detemination of the instrumentation errors and allowances for
the ITDP parameters. The total instrumentation errors presented in this
resnonse are based on this approach.

II.  METHCDOLOGY

. & methodology used to combine the error components for a channel is
basically the appropriate statistical comdination of those groups of
components which are statistically independent, i.e., not interactive.
Those errors which are not independent are combined arithmetically to
form independent groups, which can then be systematically combined. The
statistical combination tecnnique used by wWestingncuse is the [



]+a.c,¢ of the instrumentation uncer-
tainties- The instrumentation uncertainties are two sided distribu-
tions. The sum of both sides is equal to the range for that parameter,

e.9., Rack Drift is typically [ 174:C the range for this
parameter is [ ]"'c. This technique has been utilized before

as noted above and has been endorsed by the staff(s' »7) and various
industry standards'®r?

The relationship between the error components and the statistical
instrumentation error allowance for a channel is defined as follows:

1. For parameter indication in the racks using a DVM;

£q.

& For parameter indication utilizing the plant process computer;
‘C.C

Eq.

3 For parameters which have control systems;

’a.:

Eq.
where:

CSA = Channel Statistical Allowance
PMA = Process Measurement Accuracy
PEA = Primary Element Accuracy

SCA = Sensor Calibration Accuracy
S0 = Sensor Drift

e
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STE
SPE
RCA
RD
RTE
OYM
ID
A/D
CA

Sensor Temperature Effects

Sensor Pressure Effects

Rack. Calibration Accuracy

Rack Drift

Rack Temperature Effects

Digital Voltmeter Accuracy

Computer Isolator Drift

Analog to Digital Conversion Accuracy
Controller Accuracy -

The parameters above are as defined in reference 4 and are based on SAMA
standard PMC-20-1973( ‘O). However, for ease in understanding they are
paraphrased below:

PMA

PEA

SCA
S0

RCA

RD

B
oo
"

OVM

non-instrument related measurement errors, e.g., tempera-
ture stratification of a flyid in a pipe,

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

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

change im input-output relationship due to a change in
ambient temperature for a sensor/transmitter,

change in input-output relationship due to a change in
static pressure for a 4o caell,

reference (calibration) accuracy for all rack modules in
1909 or channel assuming the Toop or channel is tuned %o
this accuracy. This assumption eliminates any bias that
could be set up through calibration of individual moadules
in the locp or channel.

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

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

the measurement accuracy of a digital voltmeter or multi-
meter on it's most accurate appiicadble range for the
parameter measured,

oy



ID - change in input-output relationship over a period of time
at reference conditions for a control/protection signal
isolating 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
deadbanc.

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

II1. 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 b, Typical Instrumentation Uncer-
tainties.

1.h. Pressurizer Pressure

Pressurizer pressure is controlled by a system that compares the mea-
sured pressure 2gainst a reference value. The pressure is measursd by a
pressure cell connected to the vaper space of the pressurizer. Allow-
ances are made as indicated om Table 1b for the sensor/transmitter and
the process racks/controller. As noted, the CSA for this function is

( 17%:C which corresponds to a contmol accuracy of [

The accuracy assumed in the ITDP analysis is [ 174C, thus,
margin exists between analysis and the plant. Being a controlled para-
meter, the nominal value of 2235 psig is reasonable and bounded by ITDP
error analysis assumptions, i.e., assuming a normal, two sided distribu-
tion for- CSA and a 95+% probability distribution (which will be docu-
mented later in this response), ¢ for the noted CSA eguals

( b el L Assuming a normal, two sided distribution

for the ITDP assumption of [ 178 and a 95+% prodability
distribution results ina s = [ 778C. Thus,

]’C.C.
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margin exists between the expected and assumed stangard deviations for
Pressurizer pressure.

2.b. TAVG

T,vg is controlled by a system that compares the auctioneered high

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

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

noted, the CSA for this functien is [ 7*%:¢ which corre-
sponds to an instrumentation accuracy of [ 1*2:C,  Assuming a
normal, two sided distribution for CSA and a 95+% probability distribu-
tion results in a standard geviation, ¢ = [ JrC,

However, this does not include the controller deadbang of + 1.5°F., Te
determine the controller accuracy the instrumentation accuracy must be
combined with the deadband. Westinghouse has dcetermined that the prob:z-
bility distribution for the ceadband is [

1.723:C  The variance for the deadband uncertainty is then:

r K%8,;C
-~ -
and the standargd deviation, ¢ = [ "€,

Combining statistically the stanacard deviations for instrumentation anc
deadband results in a controller standarg deviation of:



Therefore, the controller uncertainty for a 95+% normal probability
distribution is ~ [ 1.7C This is the uncertainty assumed

for the ITDP error analysis and reascnably bounds the nominal value
corresponding to the full power Tavg'

3.b. Reactor Power

Generally a plant performs a primary/secondary side heat balance once
every 24 hours when power is above 15% Rated Thermal Power. This heat
balance is used to verify that the plant is operating 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 equilibrium; the
core power is determined by summing the thermal autput of the steam
generators, correcting the total secondary power for steam generator
blowdown (if not secured), subtracting the RCP heat aadition, aaaging the
primary side system losses, and dividing by the core rateg Btu/hr at
full power. The equation for this calculation is:

N
R
where;
RP = (ore power ( % RTP)
N = Number of primary sice loops
G = Steam Generator thermal output (Stu/nr)"
0p = RCP heat adger (Btu/hr)
Q = Primary system net heat losses (Btu/hr)

B B Core ratec 8tu/hr at full power.

For the purpcses of this uncertainty analysis (ang basec on H noteg
above) 1t is assumeg that the plant is at 100% TP when the measuremen:
1s taken. Measuyrements performed at lower DOwer levels will resuit in

co
or



different uncertainty values. However, operation at lower power levels
results in increased margin to ONB far in excess of any margin Tosses
due to increased measurement uncertainty.

The thermal output of the steam gcmntgr is determined by a calorime-
tric measurement defined as: . s

where;
hs = Steam enthalpy (Btu/1b)
he =  Feedwater er . halpy (Btu/1b)
We = Feedwater flow (1b/hr).

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

We = (K)MF,) (\/‘?r ) Egq. §
where:
K = Feedwater venturi flow coefficient
F‘ = Feedwater venturi correction for thermal expansion
ki
C¢ = Feedwater density ('b/ft”)
Ap = Feedwater venturi pressure drop (inches Hzo).

The feedwater venturi flow coefficient is the product of a number of
constants including as-built dimensions of the venturi and calibration
tests performed by the vendor. The thermal expansicon correction is
based on the coefficient of expansion of the venturi material and the



difference 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 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 calculaticn, 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 insulation heat losses
Component support heat losses

CROM heat losses

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

The core power measurement is based on the following plant measurements:

Steamline pressure (P,)

Feedwater temperature (Tf)

Feedwater pressure (Pf)

Feedwater venturi differential pressure (ap)

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

Feedwater venturi flow coefficient (K)
Feedwater venturi thermal expansion correction |

n

Feedwater density (z.)



Feedwater enthalpy (hg)

Steam enchalpy (hs)

Moisture carryover (impacts h)
Primary system net heat losses (OL)
RCP heat adder (Op)

These measurements and calculations are presented schematically on
Figure 1.

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

Feedwater Flow

Each of the feedwater venturis is calibrated by the vendor in a hydrau-
1ic laboratory under controlled conditions to an accuracy of

[ ]n.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 uncesrtainty factor c¢f [

is included for installation effects, resulting in an overall flow coef-
ficient (K) uncertainty of [ "¢ 2. Since steam generator thermal
output is proportional to feedwater flow, the flow coefficient uncertainty

is expressed as [ jF.C 4

]*l.c 3

power.

The uncertainty applied to the feedwater venturi thermal expansion correc-
tion (F,) is 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 material, a change of + 2°F
in the feedwater temperature range changes F, by { 132:¢ 3 ang
the steam generator thermal output by the same amount. For this deriva-
tion, an uncertainty of [ 178 in feedwater temperature was
assumed (detailed breakdown for this assumption is provided in the feeg-
water enthalpy section). This results in a tocta) uncertainty in Fy and
steam generator output of [ J%6:C g,

or



Based on data 1ntroduce& into the ASME code, the uncertainty in F. for
304 stainless steel is *5 percent. This results in an additional uncer-
tainty of [ 17%:€ 2 in feedwater flow. A conservative valuye of

[ 1%€ % is used in this analysis.

Using the ASME Steam Tables (1967) for compressed water, the effect of a

{ ]ﬂ'c error in feedwater temperature on the 7 °¢ is
( %€ ¢ in steam generator thermal output. An error of
( 1"%:€ in feedwater pressure fs assumed in the analysis

(detailed breakdown of this value {s provided in the steam enthalphy
section). This results in an uncertainty in f?of [ 79C g
in steam generator thermal output. The combined effect of the two
results in a total v"?;uncerta‘lnty of [ 178:€ ¢ in steam
generator thermal output.

Table 1b provides a listing of the instrumentation errors for feecwater
6p (incTuding an allowance for the venturi as defined above) assumi ng |
display on the process computer. With the exception of the computer
readout error, the electronics errors are in percent &p span and must
be transiated into percent feedwater flow at full power conditions.

This is accomplished by multiplying the error in percent ap span by

the conversion factor noted delow:

(1) (soan of feedwater flow transmitter in % of ncminal flow ) -

100
For a feedwater flow transmitter span of [ 3"'c % nominal flow, the
conversion factor is ( ]"'c (which 1s the value used for this
analysis).

As noted in Table 25, the statistical sum of the errcrs for feegwater

flow is [ 178:C 2 of steam generator thermal output.

.~



Feecwater Enthalpy

The next major error component is the feedwater enthalpy used in Equa-
tion 5. For this parameter the major contributor to the error is the
uncertainty in the feedwater temperature. Table 1b provicdes the detailed
error breakdown for this temperature measurement assuming ingication on
the process computer. Statistically summing these errors (utilizing

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

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

Using the ASME steam tables (1967) for compressed water, the effect of a
{ 1*2.C error in feedwater temperzture on the feedwater
enthalpy (he) is [ 17%:€ % in steam generator thermal output.
Assuming a [ 172:C error in feedwater pressure (detailed break-
down provided in the steam enthalpy section) results in a

[ I78:C % effect in Ry ang steam generator thermal output.

The combined effect of the two results in a total Re uncertainty of

( 178,C %. A conservative value (based on rouna-off effects of
indivicual instrumentation errors) of | 178C % for he uncer-

tainty is used in this analysis (as notea on Table 2b).

Steam Enthalpy

The steam enthalpy has two contributors to the calorimetric errer,
steaml ine pressure and the moisture content. For steamline pressure the
errors are as noted cn Table b, assuming display on the process comcu-
ter. This results in a total instrumentation error (utilizing Eag. 2) of
[ 173:C % span. Based on a 1200 psig span this equals

[ 1.7 C A conservative value of [ 178 §s assumec

in this analysis. The feedwater pressure is assumed to be 100 osi
higher than the steamline pressure with a conservatively high measure-

- @3

ment error of [ 1.“8sC  Taple b provices a breakaown of

-

expectec errors if feecwater pressure is measure: direct)y anc cisplayes

e



on the process computer. The results indicate an expected error of
( 174C, well within the assumed value.

Using the ASME Steam Tables (1967) for saturated water and steam, the
effect of a [ JH€ ([ 17%:€) error in steamline pressure
on the steam enthalpy (h,) is [ 178:€ % in steam generator
thermal output. Thus a total instrumentation error of [

in steamline pressure results in an uncertainty of [ ]+a.c % in
steam generator thermal cutput. '

]*I,C

The major contributor to hs uncertainty is moisture content. The

nominal or best estimate performance level is assumed to be [ J*8C o
which' is the design limit to protect the high pressure turbine. The most
conservative assumption that can be made in regards to maximizing steam
generator thermal output is a steam moisture content of zero. This conser-
vatisn is introduced by assigning an uncertainty of [ ]“'c % to the
moisture content, which s equivalent through enthalpy change to

[ 17C 2 of thermal output. The combined effect of the steam)ine
pressure and moisture content on the total h uncertainty is

[ 8¢ 2 in steam generator thermal output.

Loos Power

The Toop power uncertainty is obtained by statistically combining all of the
error components noted for the steam generator thermal output (QSG) in
terms of loop power. Within each loop these components are ingependent
effects (or formed into independent quantities) since they are independent
measurements. Technically, the feedwater temperature and pressure uncer-
tainties are cormon to several of the error components. However, they are
treated as independent quantities 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, is the
accumulation of crud on the feedwater venturis, which can effect the

ap for a specified flow. Although it {s 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 Tower
flow at the specified ap is the stronger effect. All reported cases

of venturi fouling have been associated with a significant loss in elec-
trical ocutput, indicating that the actual thermal power has been below
the measured power rather than above it. Losses in net power generation
which have been correlated with venturi 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 occurred in
at least three, and possibly five plants out of the more than ten West-
inghouse plants operating abroad. In no case has venturi fouling been
reported which resulted in a non-conservative feedwater flow measure-
ment. Because the venturi crud formations have resulted in a conserva-
tive, reduced power condition, no uncertainty has been included in the
analysis of power measurement error for this phenomenon.

The net pump heat uncertainty is derived in the following manner. The
primary system net heat losses and pump heat adder for a four ls0p plans
are summarized as follows:

Systems heat losses - 2.0 MWt

Component conduction and
convection losses - 1.4

Pump heat adder +18.0

Net Heat input to RCS +14.6 Mut



The uncertainties for these guantities are as follows: The uncertainty
on system heat losses, which are essentially ali due to charging and
letdown flows, has been estimated to be [ 1% % of the calculated
value. Since direct measurements are not possible, the uncertainty on
component conduction and convection losses has been assumed to be

_f J78:€ ¢ 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 input power mea-
surements from several plants, so the uncertainty for the pump heat
adder is estimated to be [ 1"3'C ¢ of the best estimate value.
Considering these parameters as one quantity which is designated the net
pump heat uncertainty, the combined uncertainties are less than

[ 1%%C g of the total, which {s equivalent to [ 1PC g of
core power.

The Total Loop Power uncertainty (noted in Table 2 as [ ) Sl T

is the statistical sum of the Loop Power uncertainty (Qg.), ( ) i &
and the Net Pump Heat Addition, [ 178 5. The Total Secondary
Powe™ uncertainty is the statistical combination of the Loop Power
uncertainty and the number of primary side loops in the plant. As noted
in 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 all cases the total Secondary Power uncertainty is 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 used in the ITDP error analysis, i.e., the standard deviation
for reactor power, at the 95+% probability level is:

1 e
v



FIGURE 1
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TABLE 2b
SECONDARY POWER CALORIMETRIC MEASUREMENT UNCERTAINTIES

- — ———— . —-— " ——

Comoonent

Feedwater Flow

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 VZ(e)z

F
- - o - F i
Tota! Feedwater Fiow Error \.(e.z

Instrument Error

Power
Uncertainty

—

+a,c




TABLE 2b (Cont)
SECONDARY POWER CALORIMETRIC MEASUREMENT UNCERTAINTIES

Power
Component Instrument Error Uncertainty
Feecwater Enthalpy
g g 43,C

Temperature (Electrenics)
RTD Calibration .
R/1 Converter '

Rack Accuracy ]
Rack Temperature Effects

Rack Drift

Computer Isclator Drift

Computer Reacout

Total €lectronics Error YI(e)? {

Fangwater Temperature Error Assumed
Pressure ]

Total Feecwater Enthalry Error YI(e)?
Steam Enthalpy
Steami ine Pressure (Electronics)

Pressure Cell Calitration i
Sensor Temperature Effects |
Sensor Drift ‘
Rack Calibration ’
Rack Temperature Effects ’

D
o



TABLE Zb(Cont)

SECONDARY POWER CALORIMETRIC MEASUREMENT UNCERTAINTIES

Comoonent
Steam Enthalpy (Cont)
Rack Drift

Computer Isolator Drift
Cormputer Readout

Total £lectronics Error \‘:(e)z

Steamline 5ressure Error Assumed

Mcisture Carryover

Total Steam Enthalpy Error V T\¢ )

r
Loop Power Uncertainty \':(e)z
Net Pump Hezt Addition Uncertainty

Total Loop Power Uncertainty (8)

*
Total Secondary Power Uncertainty Y [Z(e)€]

wnere N = & loops
3 loops

2 loops

Instrument Error

Power
Uncertainty

2'!/N

—"’c

LR B

‘C,C
——
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NOTES FOR TABLE 2b

Temperature effect on Thermal Expansion Coefficient is assumed to be
linear with an uncertainty of [ 172:0:C per 2°F change.

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 &p span to percent of feedwater flow at
100% of nominal feedwater flow; multiply the instrument error Dy:

(1/2)(5°l" of feedwater flow transmitter in percent of nominal f‘low)z
100

In this analysis the feedwater flow transmitter span is assumed to be
[ 1"C ¢ of nominal flow.

In this analysis assumed an error of [ 17%C and a maxioum
swing in feedwater pressure from no load to full power of [ P
(

1+2,¢

J
[ 174C span of [ 17 equals [ 17 which equals
r +*a,C

Conservative assumption for instrumentation error for this analysis.

Statistical sum of Loop Power Uncertainty and Net Pump Heat Addition
Uncertainty.

LS ]
wr



_ L . @ *8C power

3 power
2 power
s J
4.5, 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 neasurement instrumentation therefore, drift effects are not
included (except wnere 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 is performed by determining the steanm 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 coclant. Assuming that the primary and secongary sices
are in equilibrium; the RCS total vessel flow is the sum of the
individual primary loop flows, i.e.,

~4

™
£0

st T - ‘

The individual primary locp flows are determined by correcting the
thermal output of the steam generator for steam generator blowdown
(1f not secured), subtracting the RC? heat addition, adding the
Toop's share of the primary side syster losses, dividing by the
primary side enthralpy rise, and multiplying by the specific volume
of the RCS zoid Teg. The equation for this calculation is:

| ( (8
ﬂL = (V) .' OSG - C - \N—

=N ¢
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where; W, = Loop flow {gpm)

: . 0.1247 gpe/(ft3/hr)

°SG = Steam Generator thermal output (Btu/hr)

Op = RCP heat adder (Btu/hr)

Q = Primary system net heat losses (Btu/hr)

¢ = Specific volume of the cold leg at T, (#£°/1b)
N =  Number of primary side loops

hy = ot leg enthalpy (Btu/1b)

h. = Cold leg enthalpy (Btu/1b).

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

Qsg = (hg = he) W _ (Eq. 5)
where; hg = Steam enthalpy (Btu/1b)
he = Feedwater enthalpy (Btu/1b)
Hf = Feedwater flow (1b/hr).

The steam enthalpy i1s based on measurement of steam cenerator outlet
steam pressure, assuming saturated conditions. The feedwater enthalpy
is based on the measurement of feedwater tamperature 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 measurements, which is based on the fol-

lowing:
We = (K) (F,)W 0cap | : (Eq. 6)
where; K = Feedwater venturi flow factor
F‘ = Feedwater venturi correction for thermal expansion
e, = Feedwater density (1b/£+%)

Ap = Feedwater venturi pressure drop (inches HZD).

275
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The feedwater venturi flow coefficient is the product of a number of

B

constants including as-buflt dimensions of the venturi and calibration
tests performed by the vendor. The thermmal expansion correction is
based on the coefficient of expansion of the venturi material and the
difference between feedwater temperature and calibration temperature.
Feedwater density is based on the measurement of feedwater temperatu.e
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 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 therma! barrier cooler heat removal
Pressurizer spray flow

Pressurizer surge line flow

Component insulation heat losses
Component support heat losses

CRDM heat losses.

ngle calculated sum for full power operati
heat inputs.
The hot leg and ¢ ] enthalpies are based on the measurement of the
hot g tef ! d leg temperature and the pressurizer pressure.
The cold leg specific volume is based on measurement of the cold leg

uriZer pressure.




Steanline pressure (’s)

Feedwater temperature (Te)

Feedwater pressure (Pg)

Feedwater venturi differential pressure (sp)
Hot leg temperature (Ty)

Cold leg temperature (Tc)

Pressurizer pressure (P_)

Steam generator blowdown (if not secured)

and on the following calculated values:

Feedwater venturi flow coefficients (K)

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

Feedwater enthalpy (h,)

Steam enthalpy (hs)

Moisture carryover (impacts hs)

Primary system net heat loss:s (Q)

RCP heat acder (Op)

Hot leg enthalpy (hH)

Cold leg enthalpy (hc).

These measurements and calculations are presented schematically on
Figure 2.

Starting of f with the Equation 6 parameters, the detailed derivation of
the measurement errcrs is noted below.

Feedwater Flow

Sach of the feedwater venturis is calibrated by the vendor in a hydrau-
lics laboratory under controlled conditions to an accuracy of

{ :*a.b.c 2 of span. The calibration data which substantiates
this accuracy is provided for all of the plant venturis by the respec-

tive vendors. An additional uncertainty factor of [ 178:C ¢ is

-r
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included for installation effects, resulting in an averall flow coef-
ficient (K) uncertainty of [ 1*3:€ 5. Since RCS loop flow is
proportional to steam generator thermal output which is proportional to
feedwater flow, the flow coefficient uncertainty is expressed as

C 1774C ¢ flow.

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

r 1%8:5:€ 5 and the steam generator thermal output by the same
amount. For this derivation, an uncertainty of [ J784C 4
feedwater temperature was assumed (detaileu breakdown for this assump-
tion ‘is provided in the feedwater enthalpy section). This resuits in a
negligible impact 1n F. and steam generator output.

Based on data introduced into the ASME Code, the uncertainty in F. for
304 stainless steel is + § %. This results in an additional uncertainty
of [ 1"8C 2 in feedwater flow. A conservative value of

( 17%:% ¢ {5 used in this analysis.

Using the ASME Steam Tables (1967) for compressed water the effect of a
[ 17%C error in feedwater temperature on the + - ¢ . is

{ 178C ¢ in steanm generator thermal output. An error of

( 1"4C in feedwater pressure is assumed in this analysis
(detailed breakdown of this value is provided in the steam enthalpy
section). This results in an uncertainty in v?of { 1"'5 *
in steam generator thermal output. The combined effect of the two
results in a total /5, uncertainty of [ ) Rt

2 in steam
generator thermal output.

It s assumed that the ap cell (usually a Barton or Rosemount) is read
Tocally and soon after the ap cell and local meter are calibrateq
(within 7 days of calibration). This allows the elimination of process

-~
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Fack and sensor drift errors from consideration.

~
-

cell errors noted in this analysis are [ T'8¢ ) ibration

and [ 178:C % for reading error of the special higl accyracy,

-

local gauge. hese two errors are in % Ap span.

useable in this analysis they must be translated into % feedwater flow

at full power congitions. This is accomplished by multiplying the error

In % &p span by the conversion factor noted below:

feedwater flow transmitter in percent of nominal f
100

Ow

- 2 " [ v
For a feedwater flo. transmitter . 8,C % nomina

-

conversion factor is | ]73:C (which is the value used

-

analysis).

or error component is the feedwater enthalpy

this parameter the major « ibutor

eedwater temper




Using the ASME Steam Table (1967) for compressed water, the effect of a

( 173 error in feedwater temperature on the feedwater
enthalpy (he) s [ 1*3:C % in steam generator thermal output.
Assuming a [ 172,C error in feeawater pressure (detailed break-
down provided in the steam enthalpy section) results in a

{ I"8C % effect in hy anc¢ steam generator thermal output.

The combined effect of the two results in a tutal he uncertainty of

4 ]7%:C % steam generator thermal output, as noted on Table B.

Steam Enthalp:

The steam enthalpy has two contributors to the calorimetric error,
steamiine pressure and the moisture content. For steamline pressure the
error breakdown is as noted on Table 1b. This results in a tota] ingru-
mentation error of [ 1%3:C %, which equals [ 1%2.C for a

1200 psi span. For this analysis a conservative value of [ }ﬁ'c
s 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 [ 1*:C,  If feeawater pres-
sure is measuredon the same basis as the steamline pressure (with a owm)
the error is [ 173:C % span, which equals [ 1%3:C for a

1500 psi span. Thus, an assumption of an error of [ T4C g

very conservative.

Using the ASME Steam Tables (1967) for saturated water and steam, the
effect of a %8¢ (r 173:C) error in steamline pressure

on the steam enthalpy is | 1%4:C % in steam generator thermal
output. Thus, a totsl instrumentation error of [ J*3:C results
in an uncertainty of [ J73:C % in steam generator thermal output,
as noted on Table 3b.

The mzjor contridutor to N, yncertainty is moisture content. The
nominal or best estimate performance level is assumed to be [ JTa.C %
which is the design 1imit to protect the high pressure turbine. The most

-~ . - - - L -~ - » n o - - -~ - - -
conservative assumTtion that cen be mace in regarcs to maximizing ste:
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generator thermal output is a steam moisture content of zero. This conser-
vatism is introduced by assigning an uncertainty of [ 178C 2 t0 the
moisture content, which is equivalent through enthalpy change to

C 17%:C % of thermal output. The combined effect of the steamline
pressure and moisture content on the total he uncertainty is

( 173 ¢ in steam generator thermal output.

Secondary Side Loop Power

The Tocp power uncertainty {s obtained by statistically combining all of
the error components noted for the steam generator thermal output (OSG)
in terms of Btu/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 independent 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
sp for a specified flow. Although it s conceivable that the crud accu-
mulation could affect the static pressure distribution at the venturi
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 is the stronger effect. No uncertainty has been
included in the analysis for this effect. If venturi fouling is detected
by the plant, the venturi should be cleaned, prior to performance of the
measurement. [f the venturi is not cleaned, the effect of the fouling on
the determination of the feedwater flow, and thus, the steam generatcr
power and RCS flow, should be measured and treated as a bias, i.e., the
error due to venturt fouling should De added to the statistical surmation
of the rest of the measurement errors.

200%
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The net pump heat uncertainty is derived in the following manner. The
primary system net heat losses and pump heat adder for a four loop plant
are summarized as follows:

System heat losses «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 guantities are as follows: The uncertainty
on systems heat losses, which is essentially all due to charging ang
Tetdown flows, has been estimated to be [  ]*%C % of the calculatec
value. Since direct measurements are nct possible, the uncertainty on
compenent conduction and convection losses has been assumed to be

[ 173:C % of the calculated value. Reactor coolant pump hydraulics
are known to a relatively high confidence level, supporteg by the system
hydraulics tests performed at Prairie Island Il and by input power mea-
surements from several plants, so the uncertainty for the pump heat
adger is estimated to be [ 1" C % of the best estimate value.
Consigering these parameters as one quantity which is gcesignatec the net
pump heat uncertainty, the combined uncertainties are less than

[ 1%%C % of the total, which is [ 173:C % of core power.

The Total Seconcary Sice Locp Power Uncertainty (mc*ec in Table Is zs
Y b
( "€ %) is the statistical sum of the seconcary sice )ocs

power uncertainty (Qcq), [ 1P41C %, and the net pump heat addi-
tion, [ ™ g,

Primary Side Enthalpy

The primary side enthalpy error contributors are T, ana T~ measure-
ment errors and the uncertainty in pressurizer pressure, The instrumen-
tation errcrs for °-H dre as notec¢ on Table 2. These errceg are

ACa”
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on the assumption that the DWM has been recently calibrated (within 7

days prior to the measurement) and the DVM is used to read the output of
the RTD, or a briage, thus allowing the elimination of drift effects in
the racks. The statistical combination of the above errors results in a

total Ty yncertainty of [ e’

Table b also provides the instrumentation error breakdown for Tc. The
errors are based on the same assumptions as for T, resylting in a
total T. yncertainty of [ J*E,

Pressurizer pressure instrumentation errors are noted on Table 1b. A
sensor drift allowance of [ J*4:C % is included due to the dif-
ficulty in calibrating while at power. It is assumed calibration is
performed only as require1 by plant Technical Specifications.

Statistically comeining these errors results in the total pressurizer

pressure uncertainty equaling [ %8¢ % of span, which equals
( 1*%:¢ for an [ 17%:C span. In this analysis a
conservative value of [ 1*2,C i5 ysed for the instrumentation

error for pressurizer pressure.

The effect of an uncertainty of [ J78C in T, n hy is

[ J*:C % of loop flow. Thus, an error of [ 1*2,¢ in
Ty introduces an uncertainty of [ 1'8:€ percent in h,, an
error of [ 7S in Te s worth ( 1*€ % in .,
Therefore, an error of | 178 40 T¢ resuits in an uncer-

tainty of [ T8C % In M and locp flow. An uncertainty of

( 174:C in pressurizer pressure introduces an error of

r -
L IP8C % fn hy ana | P8 % 10 h.,  Statistically

combining the hot leg and cold leg temperature and pressure uncertaine
ties results in an hH uncertainty of [ ]’I.C %, an hc uncers
tainty of [ 1*3,C%, anc a total uncertainty in an of

[ J*8:C % in Toop flow.

Statistically comcining the Tota! Seconcary Sice Loo0p Fower Uncertaintg,

-

(in Btu/hr) with the primary side enthalpy uncertainty (in Bey/1:

L
ronisl
o



FIGURE 2
RCS FLOW CALORIMETRIC SCHEMATIC
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TABLE 3b
CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

Component
Feeawater Flow

Venturi, K

Thermal Expansion Coefficient
Temperature
Material

Density
Temperature
Fressure

Instrumentation
Ap Cell Calibration
4p Cell Gauge Readout

Total Instrumentation Error‘*:(e)z

Total Feedwater Flow Error V.’.(e)z

Feecwater Enthalpy
Temperature (Electronics)
RTD Calipration
OVM Accuracy

Total Temperature ErrorYI(e)?
Pressure p—
Total Feeowater Enthalpy Error-V:(e)z

- -

Flow
Instrument Error(l1) Uncertainty
q
+3,¢

i

l

I

|

|

l

!

— -



TABLE 3b (Cont)
LORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

Flow
Component Instrument Error(l) Uncertainty
*3,c
Steam Enthalpy . . _-1

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

Total Electronics Error Vt(e)z

Steaml ine Pressure Error Assumed
Moist

, sture Carryover —_—
fotal Steam Enthalpy Error Vz(e)z

Secongary Sice Loop Power Uncertainty \‘Z(e)z '
Net Pump Heat Additicn Uncertainty s

Total Seconcary Side Loocp Power
Uncertainty VS(Q)Z

Primary Sige Enthalpy

T4 (Electronics)
RTD Calipbration
DWVM Accuracy }

—

Ty Instrumentation Error yI(e)
TH Temperature Stream'lng Error l

Ty Temperature Error '/Z(e)‘ _J

Lo}

L)
r



TABLE 3b (Cont)
CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

Component

Te (Electronics)
RTD Calibration

DVM Accuracy '
Te Instrumentation Error YI(e)?
Pressurizer Pressure (Electronics)
Pressure Cell Calibration
Sensor Temperature Effects
Senscr Drift
Rack Calibration
Rack Temperature Effects
DVM Accuracy
Total Pressurizer Pressure
Error Vl(e)z
Pressurizer Pressure Error Assumed
Ty Pressure Effec
Ty Total Error yI(e)?
Te Pressure Effect
T Total Error yole)?

-

Total ah Uncertainty v:(e}z

Primary Sige Loop Flow
Uncertainty Vl:(e)2

Total RCS Flow Uncertainty y[Z(e)2]/N
where N = 4 loops
3 loops
2 loops

ket
L e

Flow

Instrument Error(l) Uncertainty

e 1+ 10

Ny = =
- -

- 3 ™

ot Ak

+a,C
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o LCNVCiLtEE SUM ¢ ¢ instrumentation Zrror anc

NOTES FOR TABLE 2b

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 t0 percent of feedwater flow at
100% of nominal feedwater flow; multiply the instrument error by:

(1/2)<§gan of feedwater flow transmitter in percent of nominal flou) -

100

In this analysis the feeawater flow transmitter span is assumed to0 be
[1287%8:C ¢ of nominal flow.

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

Calibratior accuracy of [ ]*3C span of [ 1*3:C which equals

[ e

Crecdit taken for the 3 tap scoop RTD bypass lcop in reducing uncertain-
ties due to temperature streaming.

Convolutec sum of T, Temperature Error and T, Pressure :ffect.

Pressure cffece.

«

-

. Convolutes sum of T, Total Error ane - Total Error,

-



results in a Primary Side Loop Flow Uncertainty of [ 178 2 100p

flow. The RCS flow uncertainty is the statistical combination of the
primary side lcop flow error and the numper of primary side Toops in the
plant. As noted in Table 3b, the RCS Flow uncertainty for N loops is:

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

For ITDP, credit is taken for the increased knowledge of RCS flow and
the values noted above are used in the ITDP error.analysis, f.e., the
standard deviation for RCS flow, at the 95+% probability level is:

+3,C
N=4 ] = ]2 flow
3 - % flow
2 = JS flow

5. 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 ir *he calorimetric power and flow uncertainty analy-
ses. The following are typical LEFM uncertainties in mass flow (1bs/hr):

a. A nominal accuracy of [ ]“" flow. This is based on a
feedwater temperature uncertainty of [ ]¢c,c and a
feedwater pressure uncertainty of [ ]"'c.

b. For each [ 1*%:C increase in Feedwater temperature uncer-
tainty, the mass flow uncertainty increases dy [ 1%8:€,

¢. For a feedwater pressure uncertainty greater than
( 174:C byt less than [ 1%8:C. the nmass

H
~+a,¢
] :

flow uncertainty increases by [

ITe

-/ -
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Thus, for a typical LEFM installation with a feedwater temperature
uncertainty of [ 1¥3:% and a pressure uncertainty less than

L 1%4:€, the mass flow uncertainty is I 1%%:€ fow.

The effect of the use of an LEFM is 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 venturi and an

LEFM, It is assumed for these calculations that a measurement device
(either a venturi or an LEFM) is in the feedwater 1ine to each steam
generator. L

-~

Jow
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TABLE 4b

COMPARISON OF VENTURI VS. LEFM POWER CALORIMETRIC UNCERTAINTIES

Yenturi* LEFM
Reactor Power - =1 +a,c¢
Feedwater Temperature
Feedwater Flow
Feedwater Enthalpy
Steam Enthalpy
Loop Power Uncertainty
Total Loop Power Uncertainty
Total Secondary Power Uncertainty - w—
4 loops +1.2% RTP + 0.4% RTP
3 Toops + 1.4% RTP + 0.4% RTP
2 loops +1.7% RTP + 0.5% RTP

* from Table 2
* due to [ 174:C assumption

The impact of the LEFM on RCS Flow measurement is considerably less
(primarily due to the [ ]n,c feedwater temperature error ajready

being assumed and the prime error contributore being TH and Tc for

primary side ah). However, the following “abie nctes the differences
between the two measurements for an RCS Flow calorimetric measurement. For
these calculations it is assumed that a measurement device (either a venturs
or an LEFM) is in the feedwater l1ine to each steam generator.

-
10 =



TABLE Sb

COMPARISON OF VE&TURI VS. LEFM FLOW CALORIMETRIC UNCERTAINTIES

venturi* LEFM
RCS Flow —— —+a,C
Feedwater Flow
Feedwater Enthalpy
Steam Enthalpy
Secondary Loop Power Uncertainty
Total Secondary Power Uncertainty
Primary Enthalpy
Primary Loop Flow Uncertainty
Total RCS Flow Uncertainty — —
4 loops *1.5% flow +1.45% flow
3 loops +1.75% flow 21.7% flow
2 oops +2.1% flow + 2.05% f1ow

* from Table 3b
** due to [ ]*23.C assumption

Therefore, if a plant has installed an LEFM to measure feeawater flow
credit would be taken in the [TDP error analysis for the lower uncer-
tainty in Reactor Power, but no creait would be taken in RCS flow.

6.0  NORMALIZED ELBOW TAPS FOR RCS FLOW MEASUREMENT

Based on the results of Table 3b, in order for a plant to assure opera-
tion within the [TOP assumptions an RCS flow calorimetric would have to
be performec once every 3! EFPD. However, this is an involvec procecure
which requires considerable staff anc setup time. Therefore, many
piants perform one flow calorimetric at the beqinning of the cycle ang
ncrmal ize the loop elbow taps. This allows the operator to quickly
determine if there has been a significant reguction in loop flow on a
snift basis anc tc avoic a long monthly procecure. The elbow tass are



forced to read 1.0 in the process racks after performance of the full
power flow calorimetric, thus, the elbow tap and it's ip cell are

seeing 70rmal operating conditions at the time of calibration/normal-
fzation and 1.0 correspongs to the measured loop 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 1oop flows from the procé;s computer, and two, to mea-
sure the output of the elbow tap Ap cells in the process racks with a
OVM. The uncertainties for both methods and their convolution with the
calorimetric uncertainty are presented below.

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

%ip span % flow %p span % flow

e [ e mea [ A
PEA RTE !
SCA | RD !
SPE 10 :
STE A/D '
SO Readout

— — — —

ip span is converted to flow on the same busis as provided in Note 2 ¢of
Table 3L for an instrument span of [ ]"’C. Using Ea. 2 results
in a loop uncertainty of [ ]¢a.c flow per loop. The tctal uncer-
tainty for N loops is:

f_ -!q'c flow

i
- ..!

The instrument/measurerent uncertainties for normalizesd elbow tarcs anc

N =

e e

the flow calorimetric are statistically inceoengent and are 35+° prede
ability values. Therefore, the statistical combination of the stanca-¢

.

deviations results in the following total flow uncertainty at a 98+¢

probability:




4 loops *1.7% flow
3 loops *2.0
2 loops * 2.3

Another methoag of using normalizeg elbow taps is to take DVM reagings in
the process racks of all three elbow taps for each loop. This results
in average flows for each loop with a lower instrumentation uncertainty
for the total RCS flow. The 1nstrum¢ntifion uncertainties for this
measurement are:

“4p span % flow %p span % flow
o [ T +a,c o [ T eac
PEA RCA
SCA RTE
SPE RD
STE OVM
. — Readout

4p span is converted to flow on the same basis as provided in Note 3 of
Table b for an instrument span of [ ]“'c. Using €9. 1 results
in a channel uncertainty of [ j"'c flow. Utilizing three elbow
taps (which are independent) results in a loop uncertainty of [

flow per looc. The total uncertainty for N loops is:

—l"'c flow
&

The calorimetric and the above noted elbow tap uncertainties can be
statistically combinec as notec earlier. The $5+% probability total
flow uncertainties, using three elbow taps per Toop are:

1*e,C

N =

LA I

4 locps > 1.6% flow
3 looss * 1.8
¢ loces * 2.2

The fQilowing table summarizes ACS fiow me2surerent Jncertainties.

.-



TABLE 6b

TOTAL FLOW MEASUREMENT UNCERTAINTIES

Loops 4 3 2

Calorimetric uncertainty®* *$1.5 *1.75 #*2.)]
Total uncertainty 3 elbow taps/locp +£1.6 =*+1.8 * 2.2
Total uncertainty 1 elbow tap/locp 217 +2.0 + 2.3

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

IV. PRCBABILITY JUSTIFICATION

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

Flow are normal, two ¢ided, 95+% probability distributions. This sec-
tion will substantiate that position with a comparison between three
approaches, the first being that noted in Section lI, the second
inveives cetermination of the variance assuming a uniform propability
distribution for each uncertainty and then determination of the 95%
probability value assuming a one sided normal distribution, and the
thirg involves determination of the variance assuming a normal, twe
sigec probability distribution for each uncertainty and then getermina-
tion of the 95X probadility value assuming a two sided normal cistribue
tion.

Table ™ 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 funce
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-

sbility gistridbution. For this assumpticr,



2
gz T T;- Eq. q

where R equals the range of the parameter. The variance for the func-
ticn equals the arithmetic sum of the parameter varfances. From a
safety point of view deviation in the direction of non-conservatism is
important. Therefore, Column 3 1ists the one sided 95% probability
values based on the variances provided in Column 2, {.e., the one sided

95% probability value for.a near normal distribution can be reascnably
approximated by: 1.645V02. ‘

Column 4 1ists the variance for each function assuming ‘he uncertainty
for each of the parameters l1isted in Section 2 is a near normal, two
sided probability distribution. Efforts have been made to conserva-
tively determine the probability value for each of the parameters, see
Table 8. For example, [

17%% The corre-
sponding Z value listed on Table 8 is from the standard normal curve
wtare:

Z= (x = u)/e £q. 10

The variance for a parameter is then the square af the uncertainty
divided by its Z value:

2

2 (uncemaint) 2. A
¢ = -——z-—l £g. 11



O —— —— .. - . - — -

The variance for the function equals the arithmetic sum of the parameter
variances. From the variance the two sided 95% probability value for a

normal distribution can bde calculated: 1.96ye2,

To summarize; Column 1 is che results of Equations 1, 2, and 3. Column
2 s the total variance assuming uniform probabilty distributions, i.e.,

2
2 RERZ. (2ume)?, (2uney)?,
i T2 - T2

Column 3 is 1.645Vc2.

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

Eq. 12

2 2

| 2 <Uﬂc1) Uﬂcz . e 13
e & T‘— ’(?) sen Q.

Column § is 1.96 Voo,

A comparison of Columns 1, 3, and § wiil 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 presented in Section
3 are total uncertainties with probabilities in excess of 953,

Confidence 1imits are applicable only to a particular data set, which in
this case not available. Therefore, based on the relatively small num-
ber of reports indicating large values of deviation, {.e., the number of
fnstances where a channel fails a functional test is very small as com-
pared to the many thousands of functional tests performed, Westinahouse
believes that the total uncertainties presented on Table 1b are 95% preb-
ability values at a high confidence level.

e
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v. CONCLUSIONS

The preceding sections provide what {s believed to be a reasonable 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 gereri-
cally resclve any concerns with the measurement and control' of Reactor
Power, RCS Flow, Pressurizer Pressure and T"q as they are applied to
TTOP. 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 %o
those presented here, or 2) specific instrument 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 correspending new total uncertainties {f the
impact is sufficiently large.



Pressurizer Pressure - Control
| - Control

avg

Steamline Pressure - Computer
Feedwater Temperature - Computer
Feedwater Pressure - Computer
Feeduater &p - Computer
Pressurizer Pressure - DVM
Steaal Ine Pressure - DVM
Feedwater Temperature - DVM

I, - DVM

I‘ - DYM

Notes for Table 7 b

TABLE 7b
COMPARISON OF STATISTICAL METHODS

2 )

Yariance 95% Probability
Method | Method 2 ~_ Method 2

Uncertainties presented in columns |, 3, and 5 are in 3 span.

3
Variance
Method 3

5
95% Probability
Ht_*lhp:l i

While values noted are listed to the second decimal place, values are accurate only to the first

decimal place. Second place is noted for round-off purposes only.
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PEA

§988

RCA

OVM
ID
A/D

TABLE 8
UNCERTAINTY PROBABTLITIES

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

+a,C
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