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1.0 INTRODUCTION

Reactor Coolant System (RCS) secondary calorimetric-based flow
measurements at many pressurized water reactor (PWR) plants have
been affected by increases in hot leg temperature streaming. The
increases are related to changes in the reactor core radial power
distribution resulting from the implemetation of low leakage core
loading patterns. In some cases, measured flow appears to have
decreased to, or below, the minimum measured f) required by the
Technical Specifications. Such occurrences rejuire licensee
actions to either account for the apparent flow reduction in the
plant safety analyses or to confirm by other means that RCS flow
has not decreased below the specified limit. In many cases,
plants have relied on the repeatibility of RCS elbow tap flow
meters to demonstrate that RCS flow has not decreased. This
aiternate approach confirms RCS flow by a normalization process
using both calorimetric and elbow tap flow measurements cbtained
during the initial plant startup or subsequent cycles which have
not been affected by changes in core radial power distribution.

A WOG Minigroup representing 15 3-loop plants was formed in 1995
to address the hot leg temperature streaming issue and its effect
on calorimetric-based flow measurements. This report presents
the results of one of the objectives of this program: to provide
the justification of an alternate method for measuring total RCS
flow using RCS elbow tap flow meters in 3-loop Westinghouse PWRs.
Presently the Standardized Technical Specifications reguire the
measurement of total RCS flow once per fuel cycle to demonstrate
that the actual flow is greater than the minimum flow assumed in
the plant safety analysis. The accepted measurement method based
on RCS temperature and secondary calorimetric power measurements
has inherent limitations. The prcposed alternative method using
elbow tap measurements normalized :o early cycle calorimetric
flow measurements minimizes these limitations.

The following sections present information on:

- Hot leg temperature streaming phenomenon;

- Elbow tap flow measurement application and justification;

- Best estimate hydraulics analysis used to predict RCS flow;

- Evaluation of elbow tap and calorimetric flow measurements
at Farley Nuclear Plant (FNP), Units 1 and 2;

- Elbow tap flow measurement licensing considerations;

- Measurement uncertainty using elbow taps;

- Modifications to Standard Technical Specifications;

- Modifications to Farley Technical Specifications; and

- Elbow tap flow measurement procedure.



2.0 BUMMARY

Westinghouse has defined the procedure for verifying RCS total
flow with elbow tap flow measurements, normalized to calorimetric
flow measurements obtained during early fuel cycles when core
radial power distributions had minimal impact on the hot leg
temperature streaming biases. The applicability of the prccedure
is confirmed by comparing RCS flow trends with best estimate flow
based on analyses and application of RCS hydraulic test data.

The Farley Nuclear Plant (FNP) was selected to be the lead plant
for the WOG Minigroup program. The evaluation of plant operating
data from Farley Units 1 and 2 has defined sufficiently accurate
baseline parameters for both the RCS elbow tap and calorimetric
flow measurements. Flow changes measured by elbow taps obtained
over several fuel cycles are consistent with the predicted ilow
changes due to changes in RCS hydraulics, as shown on Figures 6-1
and 6-2. Application of the procedure using normalized elbow tap
measurements, described in Appendix D, will result in recovery of
the apparent decrease in flow attributed to changes in hot leg
temperature streaming. For Farley, the flow measurement uncert-
ainty for this procedure is the same as the current Nuclear
Regulatory Commission (NRC) licensed value listed in the FNP
Technical Specifications. While modifications to the FNP
Technical Specification Bases will be necessary to allow use of
the altzrnate RCS flow measurement procedure, no unreviewed
safety questions have been identified.

Although Farley has determined that changes to the FNP Technical
Specifications Limiting Conditions for Operation »r Surveillance
Requirements are not necessary, other Westinghouse 3-loop PWRs
may require changes depending upon plant design, instrumentation,
and calibration practices. As such, Section 7 describes the
evaluation process required to prepare a licensing submittal
based on Standard Technical Specifications. Appendix B provides
the supporting significant hazards evaluation and marked-up
technical specification changes.



3.0 RCE HOT LEG TEMPERATURE STREAMING
3.1 Phenomenon

The RCS hot leg temperature measurements are used in control and
protection systems to ensure temperature is within design limits,
and in a surveillance procedure with secondary plant calorimetric
power measurements to determine the RCS flow. The uncertainty of
the hot leg temperature measurement can have a significant impact
on PWR performance. A precise measurement of hot leg temperature
is difficult due to the phenomenon defined as hot leg temperature
s“reaming, i.e., large temperature gradients within the hot leg
pipe resulting from incomplete mixing of the coolant leaving fuel
assemblies at different temperatures. The magnitude of these hot
leg temperature gradients where the temperatures are measured is
a function of the core radial power distribution, mixing in the
reactor vessel upper plenum, and mixing in the hot leg pipe.

Prior to application of low leakage core loading patterns (LLLP),
the largest difference in fuel assembly exit temperatures when
operating at full power was typically no more than 30°F (17°C),
with the lowest temperatures measured at the exit of assemblies
on the outer row of the core. Flow from a fuel assembly in the
center of the core mixes with coolant from nearby fuel assemblies
as it flows around control rod guide tubes and support columns
toward the hot leg nozzles. Flow from a fuel assembly on the
outer row, separated from the center region flows by the outer
row of guide tubes, has little opportunity to mix with hotter
flows before reaching the nozzles, so a significant temperature
gradient can exist at the the hot leg nozzle.

Since hot leg flow is highly turbulent, additional mixing occurs
in the pipe, and the maximum gradient at the point where

temperature is measured, 7 to 17 feet (2 to 5 meters) from the a.c
p—eee w— )
— -l

Figure 3-1 illustrates a postulated flow pattern in the reactor
vessel upper plenum between the core exit and the hot leg nozzle.
Figure 3-2 illustrates typical temperature gradients at the core
exit and on the hot leg circumference at the point where the
temperatures are measured. Typically, the core exit and hot leg
gradients remain relatively stable, changing only slightly as the
radial power distribution changes during a fuel cycle.



3.2 History

Prior to 1968, there were no multiple temperature measurements on
hot leg pipes, so temperature streaming gradients were undetected
and resistance temperature detector (RTD) locations were based on

other criteria. a.C
o= —




3.3 Hot Leg Streaming Impact on RCS Flow Measurements

Before 1988, reports of hot leg temperature measurement problems
were unusual, and no significant changes in streaming gradients
were indicated. 1In 1988, the first significant indication of a
streaming change occurred at a 4-loop plant, foilowed by similar
occurrences in 1989 and 1990 at three more 4-loop plants. 1In all
four cases, the measured coolant temperature rise across the core
(Tww = T, ©r AT) had increased from that measured in previous
fuel cycles by as much as 3%. Since coolant AT is an input to
the RCS calorimetric flow measurement, a AT increase of as much
as 3% implied that RCS flow had apparently decreased by as much
as 3%. Several other plants, including 3-loop plants, also
reported apparent flow reductions. 1In some cases, the apparent
flow was just at or above the minimum flow requirement in the
Technical Specifications, raising a concern that measured flows
could be lower in future cycles. In all cases, however, RCS
elbow tap flows indicated that the actual flow had not changed.

Both units at one plant site in 1990 reported that calorimetric
flows appeared to be below Technical Specification requirements.
After additional data had been evaluated, data from elbow taps
confirmed that RCS flow was adequate. The Nuclear Regulatory
Commission (NRC) was advised of the apparent low calorimetric
flow indication and the elbow tap flow data, and concurred with
the licensee’s conclusion that RCS flow was adequate for safe
operaticn at full power for the remainder of the cycle.

3.4 Correlation of Power Distribution and Flow Changes

In the plants where apparernt flow reductions were measured, it
was noted that in all cases the core exit thermocouples measured
much larger temperature gradients, approaching 60°F (33°C), as
shown on Figure 3-3, due to much lower exit temperatures at the
edge of the core. A review of core radial power distributions
showed that the power generated in outer row fuel assemblies had
decreased significantly from powers measured in earlier cycles,
confirming the core exit temperature data.

e -
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FIGURE 3-1

UPPER PLENUM and RCS HOT LEG FLOW PATTERNS
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FIGURE 3-2

TYPICAL CORE EXIT TEMPERATURE GRADIENT and
RCS HOT LEG CIRCUMFERENTIAL TEMPERATURE GRADIENT
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FIGURE 3-3

TYPICAL CORE EXIT TEMPERATURE CHANGE
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FIGURE 3-4
CORRELATION OF CORE POWER DISTRIBUTION
WITH CALORIMETRIC FLOW BIASES
BASED ON 97 FUEL CYCLES AT 12 3-LOOP PLANTS
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4.0 ELBOW TAP FLOW MEASUREMENT APPLICATION

4.1 Elbow Tap Flow Measuremerts

Elbow tap differential pressure (AP) measurements are being used
more frequently to determine if, or by how much, RCS flow has
changed from one fuel cycle to the next. Elbow tap flow meters
are installed in all Westinghouse PWRs on the RCS pump suction
piping on each loop, as shown for Prairie Island on Figure 4~-1.
The AP taps are located on a plane 22.5° around the first 90°
elbow. Each elbow has three low pressure taps and one high
pressure tap connected to three redundant AP transmitters. Elbow
taps in this configuration are not used to define absolute flows
due to the lack of straight piping lengths. The AP measurements
are repeatable, however, providing accurate indications of
changes in flow during plant operation and from cycle to cycle.

The RCS elbow tap flow meters' are a form of centrifugal meter
measuring momentum forces developed by the change in direction
around the 90° elbow. The principal parameters defining the AP
for a specified flow are the radius of curvature of the elbow and
the diameter of the flow channel through the elbow. Tests' have
demonstrated that elbow tap flow measurements have a high degree
of repeatability and that the flow measurements are not affected
by changes in roughness of the elbow surface.

Specific phenomena that have affected other types of flow meters
or that might affect the elbow tap flow meters in the RCS piping
application have been evaluated to determine if these phenomena
would affect repeatability of the flow measurement. In addition,
measurements at Prairie Island Unit 2, where the highly accurate
ultrasonic Leading Edge Flow Meter (LEFM) is installed, were
compared with elbow tap measurements to confirm elbow tap flow
measurement repeatability. The results of these evaluations and
comparisons are summarized in the following paragraphs.

antinl gon s

Venturi flow meters in feedwater systems are affected by crud
deposits (i.e., fouling) that affect surface roughness, local
pressures, and flow area through the venturi throat. Fouling is
apparently caused by an electro-chemical ionization plating of
copper and magnetite particles in the feedwater on the venturi
surfaces. The fouling process is directly related to the velocity
increase as flow approaches the smaller venturi flow area. This
condition is not present in an elbow since there is no change in
cross section to prcduce a velocity increase and ionization. 1In
addition, surface roughness changes as experienced in venturi
flow meters do not affect the elbow tap flow measurement.

1: "Fluid Meters, Their Theory and Application", 6th Edition,
Howard S. Bean, ASME, New York, 1971.

11




Di Ladat o

The elbow tap flow meter is part of the RCS pressure boundary, so
there are only minimal dimensional changes associated with pipe
stresses, and pressure and temperature are the same (full power
conditions) whenever flow measurements are made. Erosion of the
stainless steel elbow surface is unlikely, and velocities are not
large (42 fps) relative to erosion. The effects of a dimensional
change or erosion could only affect flow by changing elbow radius
or pipe diameter, and these dimensions are very large relative to
a possible dimensional change. Therefore, elbow tap flow meters
are considered to be a highly stable flow measurement element.

Uost Velocity Distribuss g

The velocity distribution entering the steam generator outlet
nozzle may be skewed by its off-center location relative to the
tube sheet, and the velocity distribution entering the 90° elbow
where the flow meter taps are located will be skewed by the out-
of-plane upstream 40° elbow on the steam generator outlet nozzle.
However, these velocity distributions, including the distribution
in the elbow tap flow meter, will remain constant so the elbow
tap flow meter AP/flow relationship does not change.

Another upstream effect that was considered was steam generator
tube plugging. However, tube plugging is typically distributed
randomly across the tube sheet, so the velocity distribution
approaching the outlet nozzle does not change as additional tubes
are plugged. The velocity distribution could change if extensive
tube plugging were to occur in one area of the tube sheet.
However, the plenum velocity head approaching the outlet nozzle
is small compared to the pipe velocity head (0.6 ft versus 27
ft), and the large change in flow area significantly reduces or
flattens an upstream velocity gradient. Therefore, any tube
plugging, even if asymmetrically distributed, does not impact
elbow tap flow measurement repeatability.

Elow Measurement Comparisons
The LEFMs installed at Prairie Island Urit 2 provided data to
confirm repeatahility of elbow tap flow meters. The comparisons,
listed in Table 4-1, covered 11 years of plant operation, during
which a significant change in system hydraulics was made. A
reactor coolant pump impeller was replaced, and the replacement
impeller produced additional flow. The LEFM data after pump
replacement was in agreement with the predicted flow change, and
the elbow tap flow meters indicated similar changes. The 11 year
flow comparison shows that the average difference between elbow
taps and LEFMs was less than 0.3% flow. Another comparison of
data obtained before and after impeller replacement showed that
measurements agreed to within 0.2% flow on the ratio of flows

when one and two pumps were operating, thus further confirming
the relative flow measurements from elbow tap flow meters.

12



4.2 Elbow Tap Flow Measurement Procedure

The elbow tap flow measurement procedure relie: on repeatability
of elbow tap measurements to obtain an accurate verification of
RCS flow. Comparison of elbow tap measurements at or near full
power from one cycle to the next provides an accurate indication
of any change in flow. When normalized to early fuel cycle
calorimetric flows, the elbow tap AP measurements provide the
means to accurately verify flow for any future fuel cycle. The
elbow tap procedure for verifying RCS flows is described in
detail in the following paragraphs.

- -l
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Imbalanced Loop Flows

Imbalanced loop flows can occur primarily due to steam generator
tube plugging imbalances. The RCS elbow tap flow measurement
procedure properly accounts for these imbalances in determining
the RCS total flow.

The elbow tap flow measurement procedure defines only RCS total
flow, even when loop flows may differ. Loop flow imbalances have
no impact on reactor core heat transfer performance, since the
reactor core flow resistance ard open channel geometry results in
an even flow distribution across and through the core. Due to the
arrangement of the reactor vessel downcomer and lower plenum, it
is unlikely that a loop flow imbalance would exist at the reactor
core inlet.

In che RCS flow confirmation procedure described above, only the
t.tal elbow tap flows and total best estimate flows are compared.
Analyses have shown that best estimate flows based on imbalanced
loop flow calculations incorporating imbalances in tube plugging
result in essentially the same flows as calculations based on an
average number of plugged tubes. Estimates of total flow with
large tube plugging imbalances have been found to agree well with
measurements of total elbow tap flows. A comparison of estimated
and measured flows for several cycles at a 3-loop plant with tube
plugging as high as 19.5% in one loop, concurrent with plugging
of 12.5% in another loop, is shown on Figure 4-2. The comparison
shows that the estimated and measured flows agree well as average
tube pli7vging progressed from 4% to 16%, and as the differences
in plugging approached a maximum of 7%. Therefore, comparison of
total flows n the procedure is justified.

16



TABLE 4-1

COMPARISONS of LEFM and ELBOW TAP FLOW MEASUREMENTS

RCS FLOW MEASUREMENT COMPARISONS AT FULL POWER

gpm/loop
LOOP /METER: A/LEFM  A/ELBOW B/LEFM
DATE
Feb 1880 97519 * 97950
Jul 1981 58673 98309 97763
Aug 1991 98724 98557 97543

* - Normalized to LEFM Flow

RATIO OF FLOW WITH 1 PUMP OPERATING
TO FLOW WITH 2 PUMPS OPERATING

LOOP/METER: A/LEFM A/ELBOW B/LEFM
DATE

Dec 1974 1.0818 1.0777 1.0852

Jul 1981 1.0794 1.0816 1.0820
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FIGURE 4-1
LEADING EDGE FLOW METER AND ELBOW TAP FLOW METER LOCATIONS

AT PRAIRIE ISLAND UNIT 2
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RCS TOTAL FLOW (NORMALIZED %)

FIGURE 4-2
COMPARISON OF BEST ESTIMATE AND ELBOW TAP FLOWS
WITH IMBALANCED STEAM GENERATOR TUBE PLUGGING
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5.0 BEST ESTIMATE RCS FLOW ANALYSIS

5.1 Background

Westinghouse developed the best estimate RCS flow calculational
procedure in 1974 and has applied the procedure to estimate RCS
flows at all Westinghouse-designed plants. The procedure uses
component flow resistances and pump performance with no margins
applied, so the resulting flow calculations define a true best
estimate of the actual flow. Uncertainties in the best estimate
hydraulics analysis, based on both plant and component test data,
define an accuracy of $2% flow, indicating that the actual flow
is within 2% of the calculated best estimate flow.

The best estimate hydraulics analysis was develop:s and confirmed
by numerous component flow resistance tests and ahalyses. The
most significant input was the test data collectec at Prairie
Island Unit 2, where ultrasonic Leading Edge Flow Meters (LEFMs)
were installed. This program and other tests are described in
the following sections.

5.2 Prairie Island Hydraulics Test Program

The LEFM was installed in 1973 at Prairie Island Unit 2, on both
loops as shown on Figure 4-1. Measurements were obtained during
the hot functional and plant startup tests in 1974. In addition
to LEFM flows, concurrent measurements of reactor vessel and
steam generator flow resistances were also obtained, as well as
pump dynamic head, input power and speed. The program collected
data during heatup from 200°F to normal operating temperatures
with one and two pumps operating. Full power flow measurements
were obtained early in 1975. Subsequent flow and pump input
power measurements were obtained in 1979, 1980, 1981 and 1991.

The LEFM accuracy for the Prairie Island plant measurements was
established by a calibration test at Alden Laboratories and by
analyses of dimensional tolerances to be #0.67% of measured flow.
The Alden test modelled the piping configuration both upstream
and downstream from the metered pipe section. Tests performed at
several circumferential locations of the ultrasonic transducers
defined the optimum location for the transducers in the pipe
section relative to the upstream and downstream elbows.

The component AP accuracy for the Prairie Island measurements was
established by calibrations to be within 1% of the measured AP.
The sum of APs measured across the reactor and steam generator
were within 1% of the pump AP, confirming measurement accuracy.

The flows measured in 1974-75 were 5% higher than predicted.

Analysis of the data led to the identification of the following
changes to the hydraulics analyses.

20



Reactor Coolant Pump Performance

Reactor coolant pump performance was higher than predicted from
hydraulic model tests, producing an additional 2% flow, partly
due to pump impeller thermal expansion and partly due to the
conservatism in the hydraulics scaleup from the model tests.
With the flow, head, input power and speed data, hydraulic and
electrical efficiency were verified. Since the LEFM also
measures reverse flows, the resistance of the pump impeller to
reverse flow was confirmed to be as originally specified.

Reactor Vessel Flow Resistance

The reactor vessel flow resistance was lower than predicted from
reactor vessel model tests and fuel assembly flow resistance
measurements, producing an additional flow of almost 3%. Tests
with one pump operating provided additional data to confirm the
division of flow resistances between vessel internals (total
flow) and vessel nozzles (loop flow).

ot ; Flow Res

The steam generator flow resistance was the same as predicted
from analysis, so changes in the analysis were not required. The
large change in the predicted flow resistance resulting from the
change in tubing Reynolds Number and friction factor during plant
heatup was also confirmed by the flow resistance measurements.

Piping Flow Resistance

The reactor coolant piping flow resistance, 6% of the total
system resistance, was reduced by about 25% to be consistent with
the measured component flow resistances, accounting for reduced
Ap due to close coupling of components and elbows in the piping.
Part of an elbow Ap loss occurs as increased turbulence in the
downstream piping, but the loss is reduced if a component or
another elbow is located at or close to the elbow outlet.

Flow vs Power

LEFM measurements at full power indicated that RCS flow decreased
by about 0.8% as the reactor was brought from zero to full power.
This result confirmed the predicted effect of higher velocities
(due to volumetric expansion (10~12%) of coolant in the core, hot
leg, and steam generator tubes) increasing the total system flow
resistance.

5.3 Additional Prairije Island Tests

The flow measurements in later years contributed additional data
on system hydraulics performance which was used to revise and
further validate the hydraulics analyses, as described in the
following paragraphs.

21




impeller Smoothing

LEFM and pump input power measurements were obtained at Prairie
Island in 1979 and 1980 to reconfirm RCS flows and hydraulic
performance. LEFM data indicated that RCS flows had decreased
slightly, by 0.6 to 0.8%. It was also noted that pump input
power had decreased by about 2%. After evaluating this data and
consideriny other available information, the pump hydraulics
enginzers concluded that the flow reduction was due to impeller
"smoothing", where the impeller surface roughness decreases due
to wear or crud buildup between high points on the impeller
surfaces. The "smoothing" effect occurs within one or two fuel
cycles after initial plant startup. This small flow reduction
during the initial cycles has also been detected with elbow tap
flow measurements at several other 3-loop and 4-loop plants.

Pump Impeller Replacement

LEFM measurements were obtained at Prairie Island in 1981 to
confirm RCS flows after replacement of a pump impeller. The
replacement impeller was predicted to have a higher performance
than that of the original impeller, and an increase in loop flow
was predicted. The LEFM data confirmed the prediction.

Elbow Tap Flow Comparison
LEFM measurements obtained in 1991 were compared with the 1980
data to confirm that the elbow taps measured the same flow
changes over the same period. The comparison indicated that the

elbow tap and LEFM flows were in good agreement, with an average
difference in flow of less than 0.3% over 11 years.

5.4 System Flow Resistance Analyses

Flow resistances are calculated for each component, based on the
component hydraulic design data and on hydraulics coefficients
resulting from analyses of test data, such as, but not limited
to, the Prairie Island hydraulics test program. The component
flow resistances are combined to define total system resistance,
and then combined with the predicted pump head-flow performance
to define individual loop and total RCS flow. The background and
bases for the flow resistance calculations are described in the
following paragraphs.

Reactor Vessel

The reactor vessel flow resistance is defined in three parts.

a. The reactor core flow resistance is based on a full size
reactor fuel assembly hydraulic test, including the APs at
RCS total flow through the inlet and outlet core plates as
well as the core.

22



b. The vessel internals flow resistance accounts for the APs
wi*h total flow through the downcomer, lower plenum, and
upp<r plenum. The flow resistances are determined from
hydraulic model test data for each type of reactor vessel,
based on AP measurements within the model.

C. The vessel nozzle flow resistances include APs based on loop
flow through the inlet and outlet nozzles.

In addition, the overall analysis accounts for small flows that
bypass the core through the upper head, hot leg nozzle gaps,
baffle-barrel gaps, and control rod drive thimbles.

Steam Generator

The steam generator flow resistance is defined in five parts:
inlet nozzle; tube inlet; tubes; tube outlet; and outlet nozzle.
The overall flow resistance was confirmed by the Prairie Island
hydraulics test prigram (Section 5.2). The analysis accounts for
the plugged u: sleeved tubes in each steam generator, so loop
specific flows can be calculated when different numbers of tubes
are plugged or sleeved in each loop.

; ) Pipi

The reactor coolant piping flow resistance combines the flow
resistances for the hot leg, crossover leg, and cold leg piping.
The flow resistance for each section is based on an analysis of
the effect of upstream and downstream components on elbow loss
coefficients, using the results of industry hydraulics tests.
The total flow resistance was consistent with the measurements
from the Prairie Island hydraulics test program (Section 5.2).

5.5 PBest Estimate RCS Flow Calculations
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6.0 EVALUATION OF FARLEY RCR PERFORMANCE

RCS calorimetric flow and eloow tap flow measurements from Farley
Units 1 and 2 were evaluateu and compared with best estimate flow
predictions to determine RCS flow performance. Calorimetric data
from early fuel cycles at each unit established a baseline flow
to compare with flows measured in later fuel cycles and to define
the flow changes caused by hot leg temperature streaming biases.
The elbow tap flows provide an indication of actual flow changes
to compare with predicted changes due to known modifications
which affect the system hydraulics, such as steam generator tube
plugging or fuel design changes. The Farley RCS flow measurement
evaluation is described in the following sections.

6.1 Evaluation of Calorimetric Flows

To apply an RCS flow measurement procedure based on elbow tap Ap,
a baseline RCS calorimetric flow must be defined. Ideally, the
baseline flow is based on early operating cycles, when the effect
of hot leg temperature streaming on measured calorimetric flow is
minimal. Cold leg temperature streaming, caused by incomplete
mixing of the temperature gradient at the exit of long and short
steam generator U-tubes, generally has a conservative impact on
calorimetric flow measurements for 3-loop plants. At both Farley
units, the Loop 3 cold leg RTD location differs from that in the
other two loops, in a direction predicted to bias the Loop 3 flow
measurement slightly higher. Although the resulting measurement
may be conservative, the Loop 3 cold leg temperature was adjusted
in this evaluation to account for the difference, so the adjusted
Loop 3 flow is 1.5% less than indicated by the calorimetric data.

Farley Unit 1
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6.2 Best Estimate Flow Predictions

SQVQ;al hydraulics changes occurred at the Farley units after the
initial plant startup. The hydraulics changes and the associated
best estimate flow changes are described below.

a,c

Steam Generator Tube Pligging o

An increasing number of steam generator tubes were plugged at the
Farley units after the initial fuel cycle. 1In some cases, some
tubes were sleeved instead of plugged, resulting in a smaller
increase in steam generator flow resistance. In later cycles,
some plugs were removed and sleeves were installed, so the flow
resistance could be reduced. Table 6-3 lists percent plugging
equivalent to the flow resistance for the combination of plugged
and sleeved tubes. Table 6-3 also lists the calculated best
estimate flow reduction for each fuel cycle at both Farley units.
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TABLE 6-1

FARLEY UWIT 1 CALORIMETRIC AND BASELINE FLOWS

Fuel Cycle# Loop 1 loop 2 Loop 3  Average

gpm gpm gpm gpm Baseline
1 23583 95801 97501 95628 -
& 93836 94646 97166 95216 -
-] 93148 95054 96642 94948 -

6 93621 93608 95393 94207
7 94035 93855 94551 94147
8 94470 92952 95094 94172
9 94294 92375 94715 93795
10 93069 91768 93443 92760
12 94476 92997 93015 93496
13 92600 91175 93953 92576
14 92141 91296 91259 91565

[

# Data from Cycles 2, 3 and 11 are intentionally omitted.
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TABLE 6-2

FARLEY UNIT 2 CALORIMETRIC AND BASELINE FLOWS

Fuel Cyclef Loop 1 Loop 2 Loop 3 Average

gpm gpm gpm gpm Baseline
2 98033 92455 94678 95055 -
3 98139 92157 94943 95080 -
5 97602 91966 94756 94775 -
L
]
—-a,c
6 96407 90472 92837 93238 I
7 95590 89014 93126 92577
B 94915 90601 92851 92789
o 93256 89150 91881 91429
10 94376 89702 90824 91634
11 91891 87751 89864 89835 Ly _J
a.C

[ ]

# Data from Cycles 1 and 4 are intentionally omitted.
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10

11

12

13

14

EQUIVALENT TUBE PLUGGING

TABLE 6-3

AND RESULTING FLOW REDUCTIONS

-Farley Unit 1
Plug § AFlow %

-0.56

-0.56

-0.58

-0058

-0.60

~0.64

~0.68

-0.73

-0077

-1.47

31

2.83

NA

NA

NA

Farley Unit 2
Plug ¥ AFlow %

-0.57

-0.58

-0.76

-0.99

-1.05

~1.65

-1.76

«1.52

-1.52

NA

NA

NA



TABLE 6-4

COMPARISON OF BEST ESTIMATE AND ELBOW TAP FLOWS

Fuel Cycle

11

12

13

14

* Elbow tap flow normalized to best estimate for comparison.
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RCS TOTAL FLOW (NCRMALIZED to BASELINE %

FIGURE 6~1

COMPARISON OF FARLEY UNIT 1 RCS FLOWS
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FIGURE 6-2

COMPARISON OF FARLEY UNIT 2 RCS FLOWS
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FIGURE 6~-3
CORRELATION OF CORE POWER DISTRIBUTIOWN
WITH CALORIMETRIC FLOW BIASES
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7.0 ELBCW TAP FLOW MEASUREMENT LICENSING CONSIDERATIONS
7.1 PBackground

Plant Technical Specifications require that an RCS total flow
measurement be performed every 18 months to verify that
sufficient RCS flow is available to satisfy the safety analysis
assumptions. This surveillance is normally performed at the
beginning of each operating cycle. Technical Specifications also
require that a qualitative RCS flow verification (i.e., channel
check) be performed every 12 hours during Mode 1. 1In addition,
some plant Technical Specifications require a monthly total flow
measurement as a periodic re-verification throughout the cycle.
These surveillances ensure RCS flow is maintained within the
assumed safety analysis value, i.e., Minimum Measured Flow (MMF).

The 18-month RCS flow surveillance is typically satisfied by a
secondary power calorimetric-based RCS flow measurement; the
monthly RCS flow surveillance is satisfied by a process computer
algorithm using inputs from the RCS elbow tap Ap instrument
channels; and the 12 hour RCS flow surveillance is satisfied by
control board RCS flow indicator readings. These surveillances
and the RCS Low Flow reactor trip are interrelated since the
calorimetric RCS flow measurement is used to correlate elbow tap
Ap measurements to flow, and the flow at the Ap for the RCS Low
Flow reactor trip is verified to be at or above the flow assumed
in the safety analysis. The process computer output is normalized
to the calorimetric flow. The uncertainty associated with the
18-month precision calorimetric is, therefore, included in the
uncertainty calculations for the monthly RCS flow surveillance
criterion and the RCS Low Flow trip.

The purpose of this evaluation is to support the use of elbow tap
Ap measurements as an alternate method for performing the 18-
month RCS flow surveillance. Many plants in recent cycles have
experienced apparent decreases in flow rates which have been
attributed to variations in hot leg streaming, as discussed in
previous sections of this report. These effects directly impact
the hot leg temperatures used in the precision calorimetric,
resulting in the calculation of apparently low RCS flow rates.
In using the elbow tap Ap method, the RCS elbow tap measurements
are correlated (as described in Appendix D) to precision
calorimetric measurements performed during an earlier cycle (er
cycles) when the hot leg streaming effects were minimal.

7.2 Supporting Calculations

In order to implement the elbow tap Ap method of measuring RCS
flow, calculations must be performed to determine the uncertainty
associated with the precision RCS flow calorimetric(s) for the
baseline cycle(s). These calculations must account for the plant
instrumentation, test equipment, and procedures which were in
place at the time the calorimetric was performed.
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In addition, uncertainty calculations must be performed for the
indicated RCS flow (computer) and the RCS low flow reactor trip.
These calculations must reflect the correlation of the elbow taps
to the baseline precision RCS flow calorimetri~(s) noted above.
Additional instrument uncertainties are required to reflect this
correlation. Appendix A contains uncertainty calculations which
were performed using Farley specific inputs.

These uncertainty calculations may require revisions to certain
plant specific safety analyses and associated protection and/or
control system setpoint calculations which may be documented in
plant specific WCAPs and/or engineering reports. 1In particular,
an increase in the RCS total flow uncertainty due to the elbow
tap 4p method may impact the Westinghouse Improved Thermal Design
Procedure (or the Revised Thermal Design Procedure) instrument-
ation uncertainties, which are used in deriving the Technical
Specifications reactor core safety limits and the corresponding
DNB limits. The low flow reactor trip setpoint uncertainty may
also be adversely affected, requiring changes to the Technical
Specifications nominal trip setpoint and allowable value.

7.3 Potential Document Impacts

Depending on the results of the uncertainty analyses described
above, there are several Technical Specifications which may be
impacted. Since the format and wording of the Technical
Specifications can vary significantly between plants, the
discussion here is generic in nature. Specific changes for a
particular plant will need to be identified based on that plant’s
Technical Specifications.

One potential impact is on the RCS low flow reactor trip setpoint
and allowable value in the Reactor Trip System Instrumentation

table. For some plants the bases for the low flow trip setpoint
and footnotes relating to the trip function may also be impacted.

Depending on the specific plant Technical Specifications format,
the RCS total flow rate requirement may be in either the DNB
Parameters or the RCS Flow Rate and Nuclear Enthalpy Rise Hot
Channel Factor section. The specific minimum total flow rate
limit and the associated measurement uncertainty may need to be
changed in the appropriate section, depending on the results of
the uncertainty calculations. For the Improved Standard Technical
Specifications, it is recommended that the limiting condition for
operation (LCO) and the surveillance requirements include two
different DNB flow requirements - one to be used if a precision
calorimetric measurement is performed and one to be used with an
elbow tap Ap measurement. The applicable Bases section will also
require revisions to include a description of the elbow tap Ap
method of flow measurement.
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Appendix B contains a sample markup of the Improved Standard
Technical Specifications which may be used as » guide in making
plant specific Technicai Specifications revisions. This appendix

also contains a sample 50.92 for use in preparing licensing
documentation.

In the case of the Farley-specific instrument uncertainty
analyses shown in Appendix A, the RCS flow uncertainty associated
with the elbow tap Ap method was the same as the current
Technical Specification value. 1In addition, the DNB flow
surveillance requirement in the current Farley Technical
Specifications does not explicitly refer to either a precision
heat balance or a calorimetric measurement method. RCS low flow
reactor trip setpoint uncertainty calculations also verify that
the current nominal trip setpoint and allowable value remair
valid. Therefore, the only changes required are in the Bases of
the DNB Specification, which must be revised to reflect the use
of either the precision heat balance or the elbow tap measurement
method to verify the RCS total flow requirement. Appendix C
contains the Farley Technical Specifications markups reflecting
only the Dases revisions, as well as the supporting 50.59.

In addition to these Technical Specification changes, each plant
should review their FSAR (Chapter 7) and PLS documents to assure
that any discussions of flow measurement are consistent with the
elbow tap measurement method.
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APPENDIX A

INDICATED RCS FLOW
and
REACTOR COOLANT FLOW - LOW REACTOR TRIP
INSTRUMENT UNCERTAINTIES
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TABLE A-1 BASELINE FLOW CALORIMETRIC
INSTRUMENTATION UNCERTAINTIES

(¥ SPAN) Ty, Ppw APpy Py Thor Teowo  Pros

= +ac

SD =
R/E =
RDOUT=
BIAS=
A =

# INST 2 * 1 3 1 1 3
USED
DEG F PSIA % DP PSIA DEG F DEG F PSIA
INST SPAN 500 2000 114 1200 100* 100* 800

INST UNC. +ae
(RANDOM) =

INST UNC.
(BIAS) =

NOMINAL = 435 880 845 605.9 543.3 2250

* Feedwater pressure is not measured, but is assumed based on
steam pressure. A conservative uncertainty value is used.

+ TAVO .p‘n -
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TABLE A-2 FLOW CALORIMETRIC SENSITIVITIES
FEEDWATER FLOW

FA r_ p— +a.c
TEMPERATURE = % /DEGF
MATERIAL = 5

DENSITY
TEMPERATURE = % /DEGF
PRESSURE . %/PS1

DELTA P = % /4DP

FEEDWATER ENTHALPY

TEMPERATURE - % /DEGF
PRESSURE B %/PSI
— —
hs = 1197.7 BTU/LBM
hF = 413.8 BTU/LBM
Dh (SG) B 783.9 BTU/LBM

STEAM ENTHALPY

+ae

PRESSURE = %/PS1
MOISTURE = $/0.25% MOISTURE

HOT LEG ENTHALPY

TEMPERATURE = % /DEGF
PRESSURE = $/PSI
hH = 621.2 BTU/LBM
hC = 538.6 BTU/LBM
Dh (VESS) = 82.6 BTU/LBM
Cp(TH) . 1.453 BTU/LBM-DEGF
COLD LEG ENTHALPY
TEMPERATURE = -1%/DEGF
PRESSURE = $/PS1
Cp(TC) = 1.225 BTU/LBM~-DEGF-
COLD LEG SPECIFIC VOLUME i
TEMPERATURE = % /DEGF
PRESSURE = $/Ps1
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TABLE A-~3 CALORIMETRIC RCS FLOW MEASUREMENT UNCERTAINTIES

COMPONENT INSTRUMENT ERROR FLOW UNCERTAINTY
FEEDWATER FLOW e 0 — b
VENTURI % K I% FLOW
THERMAL EXPANSION COEFFICIENT
TEMPERATURE DEGF
MATERIAL k3
DENSITY
TEMPERATURE DEGF
PRESSURE PSI
DELTA P % DP
FEEDWATER ENTHALPY
TEMPERATURE DEGF
PRESSURE PSI
STEAM ENTHALPY
PRESSURE PSI
MOISTURE ¥ MOISTURE
NET PUMP HEAT ADDITION %
HOT LEG ENTHALPY
TEMPERATURE DEGF
STREAMING, RANDOM DEGF
STREAMING, SYSTEMATIC DEGF
PRESSURE PSI
COLD LEG ENTHALPY
TEMPERATURE DEGF
PRESSURE Pol
COLD LEG SPECIFIC VOLUME
TEMPERATURE DEGF
PRESSURE PSI
BIAS VALUES
FEEDWATER PRESSURE DENSITY
ENTHALPY
STEAM PRESSURE ENTHALPY

PRESSURIZER PRESSURE ENTHALPY - HOT LEG
ENTHALPY - COLD LEG
SPECIFIC VOLUME - COLD LEG
FLOW BIAS TOTAL VALUE

e -
*, %% 4,4+ INDICATE SETS OF DEPENDENT PARAMETERS
SINGLE LOOP UNCERTAINTY (NO BIAS) % FLOW
N LOOP UNCERTAINTY (NO BIAS) FLOW
N LOOP UNCERTAINTY (WITH BIAS) N % FLOW
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TABLE A-4 COLD LEG ELBOW TAP FLOW UNCERTAINTY (PROCESS COMPUTER)

INSTRUMENT UNCERTATINTIES

% DP SPAN ¥ FLOW

ruL
e —

BIAS=

FLOW CALORIMETRIC =

FLOW CALORIM BIAS = [-

INSTRUMENT SPAN = 125.0 % Flow
NUMEBER TAPS PER LOOP= 2

N LOOP RCS FLOW UNCERTAINTY = 2.3 % FLOW
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TABLE A-5 LOW FLOW REACTOR TRIP

¥ DP SPAN % FLOW SPAN

— —

PMAL
PMA2
PEA
SCA
M&TE
SRA
SPE
STE
SD
BIAS1=
RCA
M&TE
RTE
RD
uIAS

P

INSTRUMENT Ri;GE = 0 TO 125.0 % FLOW
FLOW SPAN = 125.0 % FLOW
SAFETY ANALYSIS LIMIT = 85.0 % FLOW
NOMINAL TRIP SETPOINT = 90.0 % FLOW

TA = 4.0 % FLOW SPAN

CSA = ¥ FLOW SPAN

+ax

MAR = % FLOW SPAN
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APPENDIX B

SAMPLE 50.92 AND
SUGGESTED MODIFICATIONS TO
IMPROVED STANDARD TECHNICAL SPECIFICATIONS
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1)
2)
3)

4)

NUCLEAR PLANT(S): PLANT NAME
SUBJECT: ELBOW TAP FLOW MEASUREMENT

The written safety evaluation of the revised procedure,
design change or modification required by 10 CFR 50.59 (b)
has been prepared to the extent required and is attached.
If a safety evaluation is not required or is incomplete for
any reason, explain on Page 2.

Parts A and B of this Safety Evaluation Check List are to e
completed only on the basis of the safety evaluation
performed.

CHECK LIST - PART A 10CFR50.59(a) (1)

3.1 Yes No_X_ A change to the plant as described in

the FSAR?

3.2 Yes___ No_X A change to procedures as described in
the FSAR?

3.3 Yes___ No_X A test or experiment not described in
the FSAR?

3.4 Yes_X No A change to the plant Technical

Specifications? (See Note on Page 2.)

CHECK LIST - PART B 10CFR50.59(a) (2) (Justification for Part
B answers is included on Page 2.)

4.1 Yes No_X Will the probability of an accident
previously evaluated in the FSAR be

increased?

4.2 Yes___ No_X Will the conseqguences of an accident
previously evaluated in the FSAR be
increased?

4.3 Yes____ No_X_ = May the possibility of an accident which
is different than any already evaluated
in the FSAR be created?

4.4 Yes___ No_X Will The probability of a malfunction of
eguipment important to safety previously
evaluated in the FSAR be increased?

4.5 Yes___ No_X_ Will the consequences of a malfunction
of equipment important to safety
previously evaluated in the FSAR be
increased?

4.6 Yes____ No_X May the possibility of a malfunction of
egquipment important to safety different
than any already evaluated in the FSAR
be created?

4.7 Yes___ No_X_ = Will the margin of safety as defined in
the Bases to any Technical Specification
be reduced?
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NOTES:

If the answer to any of the above guestions is unknown,
indicate under Section 5.0 REMARKS and explain below.

If the answer to any of the above questions in Part A (3.4)
or Part B cannot be answered in the negative, based on
written Safety Evaluation, the change review would require
an application for license amendment as reqguired by
10CFR50.59(c) and submitted to the NRC pursuant to
10CFR50.90.

5) REMARKS :
The answers given in Section 3, Part A, and Section 4, Part
B, of the Safety Evaluation Checklist, are based on the
attached Safety Evaluation. Due to the requirement for a
change to the Technical Specifications, a Significant

Hazards Consideration Evaluation has been prepared and is
included as Attachment 2.

FOR FSAR UPDATE

Section: _N/A Pages: N/A Tables: N/A Figures: _N/A

Reason for/Description of Change:

6) SAFETY EVALUATION APPROVAL LADDER:

Prepared By: -Date:

Reviewed By: Date:
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ELBOW TAP FLOW MEASUREMENT SAFETY EVALUATION
1.0 INTRODUCTION AND BACKGROUND

The purpose of this evaluation is to assess the impact of using
elbow tap Ap measurements as an alternate method for performing
the 18-month RCS flow surveillance on the licensing basis and
demonstrate that it will not adversely affect the subsequent safe
operation of the plant. The 18-month RCS flow surveillance is
typically satisfied by - secondary power calorimetric-based RCS
flow measurement. Many plants in recent cycles have experienced
apparent decreases in flow rates which have been attributed to
variations in hot leg streaming. These effects directly impact
the hot leg temperatures used in the precision calorimetric,
resulting in the calculation of apparently low RCS flows. In
using the elbow tap Ap method, the RCS loop elbow tap measure-
ments are correlated to precision calorimetric measurements
performe i during an earlier cycle (or cycles) when the hot leg
streaming effects were minimal. This evaluation supports the
conclusion that implementation of elbow tap Ap measurement as an
alternate method of determining RCS total flow rate does not rep-
~ent an unreviewed safety guestion as defined in 10 CFR 50.59.

".0 LICENSING BASIS

Title 10 of the Code of Federal Regulations, Part 50, Section 59
(10 CFR 50.59) allows the holder of a license, authorizing
operation of a nuclear power facility the capacity to initiate
certain changes, tests and experiments not described in the Final
Safety Analysis Report (FSAR), and to evaluate these types of
changes. Prior Nuclear Regulatory Commission (NRC) approval is
not required to return the plant to power as long as the
situation does not involve an unreviewed safety guestion or
result in a change to the plant Technical Specifications
incorporated in the license. It is, however, the obligation of
the licensee to maintain a record of the change or modification
to the facility, as a result of any given situation, to the
extent that such a change impacts the FSAR.

The implementation of the elbow tap Ap measurement as an
alternate method for measuring RCS flow represents a change to
the plant Technical Specifications and will require an amendment
to the operating license.

The current Technical Specification 3.4.1 (Page X~X Amendment XX)
"RCS Pressure, Temperature, and Flow Departure from Nucleate
Boiling (DNB) Limits", describes the RCS total flow rate require-
ments. In addition, the RCS Low Flow Nominal Trip Setpoint and
Allowable Value are defined in Table 3.3.1~-1, "Reactor Trip
System Instrumentatiocn". The implementation of the elbow tap Ap
measurement as an alternate method of measuring RCS total flow
rate requires changes to these sections. The revised Technical
Specifications are provided in Attachment 1.
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Title 10 CFR 50.59 further stipulates that these records shall
include a written safety evaluation which provides the basis for
the determination that the situation does not involve an
unreviewed safety guestion. It is the purpose of this document
to support the requirement for a written safety evaluation.

3.0 EVALUATIONS

Use of elbow tap Aps to determine RCS total flow regquires that
the Ap measurements for the present cycle be correlated to the
precision calorimetric flow measurement performed during the
baseline cycle(s). A calcula*ion has been performed to determine
the uncertainty in RCS total flow using this method. 1Included in
this calculation is the uncertainty associated with the baseline
calorimetric measurement of RCS total flow, as well as uncert-
ainties associated with Ap transmitters and the process computer.
The uncertainty calculation performed for this method of flow
measurement is consistent with the methodology recommended by the
NRC (NUREG/CR-3659, PNL-4973, 2/85). The only significant differ-
ence is the assumption of correlation to previously performed RCS
€low calorimetrics. However, this has been accounted for by the
addition of certain instrument uncertainties previously consid-
ered to be zerced out by the assumption of normalization to a
calorimetric performed each cycle. Based on these calculations,
the uncertainty on the RCS flow measurement using the elbow tap
method is x.x% flow (without accounting for feedwater venturi
fouling). Including the 0.1% feedwater venturi fouling allowance
results in a minimum RCS total flow of Xxxx,xxx gpm which must be
measured in the plant at 100% RTP.

The calculations are documented in Tables 1 through 5. Specific
calculations performed were for Precision RCS Flow Calorimetrics
for the specified baseline cycles, Indicated RCS Flow (computer),
and the Reactor Coolant Flow - Low reactor trip. The calculations
for Indicated RCS Flow and Reactor Coolant Flow - Low reflect the
correlation of the elbow taps to the baseline precision RCS Flow
Calorimetrics. As discussed above, additional instrument
uncertainties were required to reflect this correlation.

The uncertainty associated with the RCS Low Flow trip increased
to X.xX% flow span. It was determined that an increase in the
Nominal Trip Setpoint to xx% flow, along with the current Safety
Analysis Limit (yy% flow) will be sufficient to allow for the
increased instrument uncertainties associated with the Ap to flow
correlation.

Note for plants using this evaluation:

A plant specific evaluation from Core Analysis which demonstrates
that the increased flow uncertainty does not impact the reactor
core safety limits must also be included in the plant specific
evaluation, as well as a determination that the Minimum Measured
Flow (MMF) assumed in the safety analyses is conservative with
rospect to the MMF calculated for the elbow tap methed.
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4.0 DETERMINATION OF UNREVIEWED SAFETY QUESTION

The use of elbow tap Ap measurements as an alternate method of
measuring RCS total flow rate has been evaluated using the
guidance of NSAC-125. On the basis of the following justifi=-
cation, the use of this alternate method does not involve an
unreviewed safety question per the critcria of 10CFR50.59(a) (2).

4.1 Will the probability of an accident previously evaluated in
the FSAR be increased?

An evaluation has not noted any increase in the probability of an
accident. Sufficient margin exists to account for all reasonable
instrument uncertainties, therefore no changes to installed
equipment or hardware in the plant are reqguired, thus the
probability of an accident occurring remains unchanged.

4.2 Will the consequences of an accident previously evaluated in
the FSAR be increased?

The initial conditions for all accident scenarios modeled are the
same and the conditions at the time of trip, as modeled in the
various safety analyses are the same. Therefore, the
consequences of an accident will be the same as those previously
analyzed.

4.3 May the possibility of an accident wnich is different than
any previously evaluated in the FSAR be created?

No new accident scenarios have been identified. Operation of the
plant will be consistent with that previously modeled, i.e., the
time of reactor trip in the various safety analyses is the same,
thus plant response will be the same and will not introduce any
different accident scenarios that have not been evaluated.

4.4 Will the probability of a malfunction of equipment important
to safety voreviously evaluated in the FSAR be increased?

No significant cnanges to egquipment installed in the plant are
required. The nominal t» setpoint for the Reactor Coolant Flow
- Low reactor trip allows for the revised normalization process
and associated increased uncertainty. There is no increase in
the probability of a malfunction of this equipment.

4.5 Will the consequences of a malfunction of eguipment
important to safety previously evaluated in the FSAR be
increased?

The plant conditions at the time of trip are unchanged.
Therefore it is expected that the consequences of a malfunction
of equipment important to safety will be the same as those
currently modeled.
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4.6 May the possibility of a malfu..ction of equipment important
to safety different than any already evaluated in the FSAR
be created?

No significant changes to equipment installed in .ne plant are
required. The setpoint remains well within normal operating
bounds of the hardware, thus no failure mode not previously
evaluated is intrcduced.

4.7 Will the margin of safety as defined in the Bases to any
Technical Specifications be reduced?

No changes to the Safety Analysis assumptions were required;
therefore, the margin of safety as defined in the Bases will
remain the same.

5.0 CONCLUSION

The evaluation of the elbow tap Ap method of measuring RCS total
flow rate concludes that it will not result in a potential
unreviewed safety question, as defined in 10 CFR 50.59, sincz it
does not increase the probability or occurrence or the
consequences of an accident in the FSAR. Nor has any mechanism
for an accident or malfunction, which has not been previously
evaluated in the FSAR, been identified. Also, the change does
not d ‘rease the margin of safety as identified in the basis for
any © ‘"nical Specification.

6.0 REFERENCES

%« References will be plant specific, but may include Setpoint
Study and/or ITDP/RTDP Instrument Uncertainty WCAPs.

7.0 ATTACHMENTS

Attachment 1: Technical Specification Markups

Attachment 2: Significant Hazards Consideration Evaluation
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ATTACHMENT 1

STANDARD TECHNICAL SPECIFICATION MARKUPS
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Rid ASirumentation

8 3.3.1
BASES
APPLICABLE 9. Pressurizer Mater Level-High
téromwmvm. The Pre
A ssurizer Water Level —High trip Function
APPLICABILITY provides & backup signa) for m! Mtzuﬂm
(continued) Pressure—High trip and alse providas protection

against water relief through the pressurizer safety
valves. These valves are designed to pass steam in
orcer to achieve thair design energy resoval rate. A
reactor trip 1s actuated prior to the pressurizer
becoming water solid. The LCO requires three channels
of Pressurizer Water Level —High to be OPERABLE. The
prefaurizer level channels are used as input to the
Preisurizer Level Control System. A fourth channel is
not required to address control/protection interaction
concerns. The level channels do not actuate the
safety valves, and the high pressurs reactor trip s
tst below the sifety valve setting. Therefors, with
the slow rate of charging available, pressure
overshoot due to leve annel failure cannot cause

:h: safety valve to 11ft before reactor high pressurs
r ..

In MODE 1, when there 15 a potential for overfilling
the pressurizer, the Pressurizer Water Level —High trip
sust be OPERABLE. This trip Function {s automatically
enabled on incressing powsr by the P-7 interlock. On
decreasing power, this trip Function 13 automatically
blocked below P-7. Below the P-7 setpoint, transients
that could refse the pressurizer water level will be
slow and the operator will have sufficient time to
evaluate unit conditions and take corrective actions

setpest (8 éue\ 4. Emactor Coglant Flow—-low (Singls Loog)
in pescesy ¥ ndichl: The Reactor Coolant Flow—Low (Single Loop) trip

4low, The nd cclea . Function ensures that protection is provided
lew 1§ normalised / against vielating the DNBR 1imit dus to low fow
Flew 18 ~~ald (
h sl on Thamaeasired in one or more lToops, while avoiding reactor
% + 'n%, RTPe ’ trips due to normal variations in loop flow.
AP &% v W0 Above the P-8 setpoint, which 13 approximately
e ™ et ; 487 RTP, 2 loss of flow in any RCS loop will

actuate a reactor trip. Each RCS loop has three
flow detectors to ronitor flow. The flow signals
are not used for any control systes input.

(continued)
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BASES

RTS Instrumentatiom
8 3.3.1

APPLICABLE
SAFETY ANALYSES,
LCO, and
APPLICABILITY

b.

Beactor Coolant Flow—Low (Singls Loop)
(continued)

The LCO requires three Reactor Coolant Flow—Low
:h.'amls per luop to be OPERABLE in MODE | above

In MODE 1 above the P-8 setpoint, a loss of flow
in ona RCS loop could result in DNB conditions in
the cors. In MODE 1 below the P-8 sotpecint, a
Toss of flow in two or more loops is required to
actuate a reactor trip (Function 10.d) because of
the Tower power level and the greater margin to
the design 'imit DNBR.

Reactor Coolant Flow—iow (Twe Loops)

The Reactor Coclant Flow—Low (Two Loops) trip
Function ensures that protection is provided
against violating the DNBR 1imit due to low flow
in two or more Toops while avoiding reactor
trips due to normal variations in Toop flow.

Above the P-7 setpoint and below the P-8
setpoint, & loss of flow in two or mors loops
will initiate a reactor trip. Each loop has
thres flow detectors to monitor flow. The flow

signals are not used for any control systes
input.

The LCO requires three Reactor Coolant Flow—Low
channels per loop to be OPERABLE.

In MODE 1 above the P-7 setpoint and below the
P-8 setpoint, the Reactor Coolant Flow—Low (Twe
Loops) trip must be OPERABLE. Below tha P-7
setpoint, 211 reactor trips on low flow are
automatically blocked since no conceivable power
distributions could occur that would cause a DNB
concern at this low power level. Above the P-7
setpoint, the reactor trip on low flow in two or
mors RCS loops is automatically enabled. Above
the P-8 setpoint, a Toss of flow in any one loop
will actuate a reactor trip because of the higher

r leve] and the reduced margin to the design
imit DNBR.

(continued)
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RCS Prassure, Temperature, and Flow ONB Limits
3.4.1

3.4 REACTOR COOLANT SYSTEM (RCS)

3.4.1 RCS Pressure, Temperature, and Flow rt
(ONE) Limits Osparture from Nucleats Boiling

Lco 3.4.1 RCS ON8 parameters for pressurizer pressure, RCS average
tesperature, and RCS total flow rate shall be within the
Timits specified below:

d. Pressurizer pressure » (2200] psig;

b. RCS average temperature < [581]°F; and

€. RCS total flow nu z ﬁ -
n o~ ’\/‘ """ -
~“) en. U“B ru‘s).—\ ke.i'bmavcb
nd,b«o Eyy fe'u\ w hen 45.1\3
" elpow tap method .
RS e | e e
Pressurizer pressure 1imit does not apply during:

a. THERMAL POWER ramp > 5% RTP per minute; or
b. THERMAL POMER step > 10% RTP.

,—._\

APPLICABILITY:  MODE 1.

ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A. One or more RCS DNB A.l Restore RCS DNB 2 hours
parameters not within parameter(s) to
1imits. within Timit,
B. Required Action and 8.1 Be in MODE 2. 6 hours
associated Cospletion
Tims not met.
&—

WG STS 3.4-1 Rev 1, 04/07/9%
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RCS Pressure, Temperature, and Flow ONB Limits
3.4.]

SURVEILLANCE REQUIREMENTS
SURVETLLANCE FREQUENCY

3.4.1.1 Verify pressurizer pressure is 12 hours
2 [2200] psig.

SR 3.4.1.2 Verify RCS average tempe. iture 1s 12 hours
s [581]°F.
-
SR 3.4.1.3 Veri total flow rate is 12 hours
E) L N vy
SR 3.4.1.4 - NOTE

Not required t2 be performed until 24 hours
after 2 [90]% RTP.

Verify by precision hea a that RCS [18] months
total flow rate is 2 [ 'L\
vy x .\

_’wken Usuﬁ ch, P;C/CISo;& het bgla.rc,g
meThsd  or f;,yy] e When USina

. 3 3 @)
the et osw Tap metng o

— - .

- —

“or bu elbow s thet
‘Rﬁsv fﬁt&‘- 1. . a2
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RCS Pressure, Temperature, and Flow ONB Limits
B 3.4.)

B 3.4 REACTOR COOLANT SYSTEM (RCS)

B 3.4.1 RCS Pressure, Temperature, and Flow Depart froe Nuc)
(ONB) Limits parture from Nucleate Boiling

BASES

“

BACKGROUND

These Bases address requirements for maintaining RCS
pressure, temperature, and flow rate within 1imits 55 umed
in the safety analyses. The safety analyses (Ref. 1) of
normal operating conditions and anticipated operationa)
occurrences assume initial conditions within the normal
Steady state envelope. The limits placed on RCS pressure,
temperature, and flow rate ensure that the minisus departure

from nucleate boiling ratio (ONBR) will be mrt for sach of
the transients analyzed.

The RCS pressure limit s consistent with operation within
the nominal operational envelope. Pressurizer pressure
indications are aver to come up with a value for
comparison to the 1imit. A lower pressure will cause the
reactor cors to approach DME limits.

The RCS coolant average temperature 1181t is consistent with
full power operation within the nomingl operational
envelope. Indications of tempmrature are averaged to
determine 2 value for comparison to the limit. A M&h‘r
?\‘nrm temperature will cause the core to approach

mits.

The RCS flow rate normally ressins constant during an
operational fuel cycie with all pumps running. minimum

flow 1imi o%-_u;m to _that sssumed for DNB_analysas.
ow ra cations are averaged to come up with a y!ﬁb«i——
r ison to the limit, ow will cause
the core &pp mits.

Operation for significant perfods of time outside these DNB
Timits increases the 11kelihood of a fuel cladding failure
in a DNB Timited event.

APPL I CABLE
SAFETY ANALYSES

The requirements of this LCO represent the initia)
conditions for ONB 1imited transients analyzed in the plant
safety analyses (Ref. 1). The safety analyses have shown
that transients initiated from the 1imits of this LCO will

(continued)
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RCS Pressure, Temperature, and Flow DNS Limits

B34
BASES
APPLICABLE result in -utu? the DNBR criterion of 2 [1.3). This is
SAFETY ANALYSES the acceptance 1imit for the RCS DNB parameters. Changes to

(continued) the unit that could impact these parameters st be assessed
for their t on the DNER criteria. The transients
analyz ude Toss of coolant flow events and dropped
or stuck events. A key assumption for the analysis of
these events 15 that the cors power distribution is within
the Timits of LCO 3.1.7, *Contre) Bank Insertion Limits®;

LCO 3.2.3, "AXIAL FLUX DIFFERENCE (AFD)®; and LCO 3 2.4,
"QUADRANT POMER TILT RATIO (QPTR).*

The pressurizer pressure limit of [tM] psig and the RCS
average t rature Timit of [5811°F correspond to
analytical limits of [2205) psig and [595]°F used in the
safety analyses, with allowance for msasurement uncertainty.

The RCS DNEB parameters satisfy Criterion 2 of the NRC Policy
Statement.

LCO This LCO specifies Vimits on the monitored process
variables—pressurizer pressure, RCS aversge temperature,
and RCS tota] flow rate—to ensure the core operates within
the Timits assumed in the safety analyses. Operating within
these Timits will result in seeting the DNBR criterion in

R : ,ﬁ-\
the event of a Mé},ﬁrﬁv‘m ‘.1""5““. @u"_._:»w-if (a¥ *he s+
RCS total flow ratedcontains a measurementh@Frol »f [(£.0)% _':ﬁ,}::a'

based on performing ; IR oy
TRIWLL LD TATTOrate Che RLN TTow ¥ats ThETCITOrYY aPotential cvrren
ng o dwater venturi, ch wight not be UL 2
detected, could bias the result fros the precision heat .
balance in a monconservative manner. Therefore, & penalty

of [0.1]% for undetected fouling of the feedwater venturi

ra he nominal flow measurement allowance to [2.1)%
S &

I s il A. “
C Lrser Any fouling that might bias the flow rate measuresent
. — greater than [0.1)% can be detected by mturln‘ and
trending various plant performance parameters. [f detected,
. <, 7, saither the effect of the fouling shall be quantified and
o.CTien Snall be - compensated for ta the RCS flow rate measurement or the
" aken betae.  venturi shall be cleaned to eliminate the fouling.
va- - . 5

£ wpsPq we A*

Per:-:o:'r"'\s heat baknce
v’f“eﬁs"':'.‘r‘i,‘:f-.—? - — )
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INSERT A

RCS total flow rate of [yyy) @Pm contains a measurement uncertainty of [z.2] %
based on cold leg elbow umconﬂaudwmwocidonhutbdm
measurements. Correlation of the flow indication channeis with these past heat
balance measurements is documented in WCAP-14750. Use of this method
removes the requirement for performance of a precision RCS flow calcrimetric
measurement for that cycle. Potential fouling of the feedwater venturi, which
nugmnothnvobundotocud.muumoummwmmm
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RCS Pressure, Temperature, and Flow DNB Limits

8 3.4.1
BASES
Lco values for pressure, temperature, and m'/’\
(continued) rate are given for the measurement location but have not

been adjusted for instrument error.

APPLICABILITY In MODE 1, the 1imits on prassurizer pressure, RCS coolant
average temperature, and RCS flow rate must be saintained
during ste state operation in order to ensure DNBR
criteria will be met in the event of an unplanned loss of
forced coolant flow or other ONB Vimited transient. In al)
other MODES, the power level is low enough that DNB 13 not 2
concern.

A Note has been added to indicate the limit on pressurizer
pressure is not applicable during short terw operational
transients such as a THERMAL ramp increase > 5% RTP
R: minute or a THERMAL POWER step increase > 10% RTP,

se conditions represent short terw perturbations where
actions to control pressure variations might be
counterproductive. Also, since they represent transients
initiated from power levels < 100% , an increased DNBR
margin exists to offset the temporary pressure varfations.

Another set of 1imits on DNE related parameters is provided
in SL 2.1.1, “"Reactor Core SLs.* Those limits are less
restrictive than the 1imits of this LCO, but vielation of a
Safety Limit (SL) merits a stricter, more severe Reguired
Action. Should a viclation of this LCO occur, the operator
sust check whether or not an SL may have been exceeded.

ACTIONS Al

RCS pressure and RCS average tesperaturs are controllable
and measurable parameters. With one or both of these
parsmeters not within LCO limits, action must be taken to
restore parameter(s).

RCS total flow rate 13 not a contrellable parameter and is
not expected to vary during ste stats operation. If the
indicated RCS tota) flow rate s below the LCO Vimit, power
sust be reduced, as required by Required Action B.1, to
restors ONB margin and eliminate the potential for violation
of the accident analysis bounds.

(continued)
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BASES

RCS Pressure, Tesperaturs, and Flow DNB Limite
B 3.4.)

ACTIONS

Al (continued)

The 2 hour Complation Time for restoration of the parameters
provides sufficient time to adjust plant parameters, to
determine the cause for the off normal condition, and to
restore the readings within Jimits, and is based on plant
operating experiencs.

Al

If Required Actfon A.1 is not met within the associated
Completion Time, the plant must be brought to a MODE in
which the LCO does not apply. To achieve this status, the
plant must be brought to at least MODE 2 within 6 hours. In
MODE 2, the reduced power condition ¢)iminates the potantial
for violatiod of the accident analysis bounds. The
Completion Time of 6 hours is reasonable to reach the
required plant conditions in an orderly manner.

SURVEILLANCE
REQUIREMENTS

k2.4

Since Raquired Action A.]1 allows a Completion Time of

2 hours to restore parameters that are not within 1imits,
the 12 hour Surveillance Frequency for pressurizer pressure
fs sufficient to ensure the pressurs can be restorsd to a
normal operation, steady state condition following load
changes and other expected transient operations. The

12 hour interval has been shown by oporuin' practice to be
sufficient to nrhrly assess for potential degradation and
to verify operation is within safety analysis assumptions.

SRl

Since Reguired Action A.] allows a Completion Time of

2 hours to restors purameters that are not within limits,
the 12 hour Surveillance Frequency for RCS average
tesperature is sufficient to ensure the temperature can be
restored t0 & normal operatiom, steady state condition

(continued)
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BASES

RCS Pressure, Temperature, and Flow ﬂ.L;l:t:

SURVE ILLANCE
REQU I REMENTS

SR2.4.0.2 (continved)

following load changes and other expected transient
operatiens. The 12 hour fnterval has been shown by
cnﬂtin' practice to ba sufficient to regularly assess for
potentiel degradation and to verify operation {

safety analysis assumptions.

81402

mummmmrmmuw
1s performed m-‘“m installed fow instrumentation.
12 hour interval been shown oparating practice to be

sufficient to regularly assess potantial tion and to
verify operation within sa analysis as fony

el _

Reasurement of RCS total flow

recizion cal ric b ]
ks

P4
\

/

™3 Lo T4 ; Y - W ra grea
than or equa tv the mintmum reguired RCS flow rate.
The Frequency of 18] months reflects the fmportance of
verifying flow & & refusling outage when the core has
been altered, which may have cacsed an alteration of flow
resistance. 3“.‘4,.\3;
This SR 1s modified by & Note that allows entry into MODE 1,
without having the SR, and placesent of the unit

perforwing the SR. The Note

states that ula:t"n.':nl be performed unti) sy

24 hours after fon 15 appropriste o | -
fince the heat 1@; t & minti -
of [90%]) RTP to obtai sty W

thi i
l-d"tk’c mh.'mun'c-o-r-

Unethed 5 beth, - ——

A NI7pe ntest is Aok 4o Sorve: aece o8
1. - FSAR, Section (18], & /A® jntes i oo G
i s S, a8 "‘:,",‘;;',‘,‘,ﬁr,ﬂo-.:;:r_-x'«_

WG §TS

- 2 #o— —
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ATTACHMENT 2

Significant Hazards Consideration Evaluation
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NUCLEAR PLANT: PLANT NAME

SUBJECT: ELBOW TAP FLOW MEASUREMENT

TECHNICAL SPECIFICATIONS CHANGED:

Table 3.3.1-1 Reactor Trip System Instrumentation, Functions
10.a #nd 10.b Reactor Coolant Flow-Low

Specification 3.4.1 RCS Pressure, Temperature, and Flow
Departure from Nucleate Boiling (DNB) Limits

A written evaluation of the significant hazards
consideration, in accordance with the three factor test of
10 CFR 50.92, of a proposed license amendment to implement
the subject change has been prepared and is attached. On
the basis of the evaluation the checklist below has been
completed.

Will operation of the plant in accordance with the proposed
amendment :

4.1) Yes____ No_X Involve a significant increase in the
probability or conseguences of an
accident previously evaluated?

Create the possibility of a new or
different kind of accident from any
accident previocusly evaluated?

Involve a significant reduction in a
margin of safety?

Refeience Documents:

**+Will be plant specific
Significant Hazerds Consideration Approval:

Prepared By: Date:

Reviewed By:




10 CFR 50.92 EVALUATION

Pursuant to 10 CFR 50.92 each application for amendment to an
operating license must be reviewed to determine if the proposed
change involves a Significant Hazards Consideration. The
amendment, as defined below, describing the Technical Specifi-
cation (T/8) change associated with the change has been reviewed
and deemed not to involve Significant Hazards Considerations.
The basis for this determination follows.

Proposed Change: The current Technical Specification Table
3.3.1-1 (Page x-x Amendment xx), "Reactor Trip System Instrument-
ation", provides the Nominal Trip Setpoint and Allowable Value
for the RCS Flow-Low trip. These values will be changed to
reflect the increased uncertainty associated with the correlation
of the elbow taps to a previous baseline calorimetric. 1In
addition, Technical Specification 3.4.1 (Page x-x Amendment X),
"RCS Temperature, Pressure, and Flow Departure from Nucleate
Boiling (DNB) Limits", will be changed to include an alternate
minimum flow requirement for use when RCS total flow is measured
by the elbow tap Ap method. Changes will also be made to SR
3.4.1.3 and SR 3.4.1.4 to include this alternate minimum flow
requirement. Appropriate Technical Specification Bases sections
will also be revised to reflect the alternate method for flow
measurement and to provide clarification. 1In addition, the Bases
to SR 3.4.1.4 will be revised to allow 72 hours after reaching
100% RTP for the flow measurement to be performed. The revised
Technical Specifications and Bases sections are provided in
Attachment 1.

Background: The 18-month total RCS flow surveillance is typically
satisfied by a secondary power calorimetric-based RCS flow
measurement. PLANT NAME in recent cycles has experienced
apparent decreases in flow rates which have been attributed to
variations in hot leg streaming effects. These effects directly
impact the hot leg temperatures used in the precision calori-
metric, resulting in the calculation of low RCS flow rates.

PLANT NAME, in addition to several other three loop plants,
participated in a Westinghouse Owner'’s Group (WOG) minigroup that
extensively evaluated the phenomenon of hot leg streaming. The
effect of an apparent RCS flow reduction, as indicated by
precision calorimetric flow measurements performed at the
beginning of each cycle, was present to some degree in every
plant that participated in the program. The apparent flow
reduction was even more pronounced in plants which have
implemented aggressive Low Leakage Loading Patterns (LLLPs) .
Evidence that the flow reduction was apparent and not actual was
provided by elbow tap measurements. The results of this
evaluation, including a detailed description of the hot leg
streaming phenomenon, are documented in WCAP-14750 (RCS Flow
Verification Using Elbow Taps at Westinghouse 3~Loop PWRs).




PLANT NAME intends to begin using an alternate method of
measuring flow using the elbow tap 4Ap measurements as described
in WCAP-14750. For this alternate method, the RCS elbow tap
measurements are correlated to precision calorimetric measure-
ments performed during an earlier cycle (or cycles) when the hot
leg streaming effects were minimal.

The purpose of this evaluation is to assess the impact of using
the elbow tap Ap measurements as an alternate method for perform=-
ing the 18-month RCS flow surveillance on the licensing basis and
demonstrate that it will not adversely affect the subsequent safe
operation of the plant. This evaluation supports the conclusion
that implementation of the elbow tap 4p measurement as an alter-
nate method of determining RCS total flow rate does not represent
a significant hazards consideration as defined in 10 CFR 50.92.

Evaluation: Use of the elbow tap Ap method to determine RCS total
flow requires that the Ap measurements for the present cycle be
correlated to the precision calorimetric flow measurement which
was performed during the baseline cycle(s). A calculation has
been performed to determine the uncertainty in the RCS total flow
using this method. This calculation includes the uncertainty
ascociated with the RCS total flow baseline calorimetric measure-
ment, as well as uncertainties associated with Ap transmitters
and the process cumputer. The uncertainty calculation performed
for thie method of flow measurement is consistent with the
methodology recommended by the NRC (NUREG/CR-3659, PNL-4973,
2/85). The only significant difference is the assumption of
correlatiocn to a previously performed RCS flow calorimetric.
However, this has been accounted for by addition of instrument
uncertainties previously considered to be zerned o2ut by the
assumption of normalization to a calorimetric performed each
cycle. Based on these calculations, the uncertainty on the RCS
flow measurement using the elbow tap method is x.xX% flow (without
accounting for feedwater venturi fouling). Including the 0.1%
feedwater venturi fouling allowance results in a minimum RCS
total flow of xxx,xxx gpm which must be measured at 100% RTP.

The calculations are documented in Tables 1 through 5. The
specific calculations performed were for Precision RCS Flow
Calorimetrics for the specified baseline cycles, Indicated RCS
Flow (computer) if applicable, and the Reactor Coolant Flow - Low
reactor trip. The calculations for Indicated RCS Flow and Reactor
Coolant Flow - Low reflect correlation of elbow taps to baseline
precision RCS Flow Calorimetrics. As discussed above, additional
instrument uncertainties were included for this correlation.

The uncertainty ase. .iated with the RCS Low Flow trip increased
to X.X% flow span. It was determined that an increase in the
Nominal Trip Setpoint to xx% flow, along with the current Safety
Analysis Limit (yy% flow) will be sufficient to allow for the
increased instrument uncertainties associated with the Ap to flow
correlation.




The note assoclated with SR 3.4.1.4 specifies that the flow
measurement may not be performed until 24 hours after exceeding
90% RTP. The Basis to this surveillance requirement previously
stated that the surveillance be performed within 24 hours after
reaching 90% RTP. Since a more accurate flow measurement can be
>btained .t 100% RTP, it is proposed that this statement in the
Bases be revised such that the surveillance is performed within
72 hours after reaching 100% RTP. The 72 hour period will allow
sufficient time to perform an accurate measurement, and is
consistent with typical allowed outage times for eguipment to be
returned to service.

Note for plants using this evaluation:

A plant specific evaluation from Core Analysis which demonstrates
that the increased flow uncertainty does not impact the reactor
core safety limits must also be included in the plant specific
50.92, as well as a determination that the Minimum Measured Flow
(MMF) assumed in the safety analyses is conservative with respect
to the MMF caiculated for the elbow tap method.

Based on these evaluations, the proposed change would not
invalidate the conclusions presented in the FSAR.

Does the proposed modification involve a significant
increase in the probability or consequences of an accident
previously evaluated?

An evaluation determined that the probability of an accident will
not increase. Sufficient margin exists to account for all
reasonable instrument uncertainties; therefore, no changes to
installed equipment or hardware in the plant are required, thus
the probability of an accident occurring remains unchanged.

The initial conditions for all accident scenarios modeled are the
same and the conditions at the time of trip, as modeled in the
various safety analyses are the sane. Therefore, the conseguen-
ces of an accident will be the same as those previously analyzed.

8 Does the proposed modification create the possibility of a
new or different kind of accident from any accident
previously evaluated?

No new accident scenarios have been identified. Operation of the
plant will be consistent with that previocusly modeled, i.e., the
time of reactor trip in the various safety analyses is the same,
thus plant response will be the same and will not introduce any
different accident scenarios that have not been evaluated.

3. Does the proposed modification involve a significant
reduction in a margin of safety.

No changes to the Safety Analysis assumptions were reguired;
therefore, the margin of safety will remain the same.
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Conclusion: Based on the preceding information, it has been

determined that this proposed change to allow an alternate RCS
total flow measurement based on elbow tap Ap measurements does

not involve a Significant Ha:ards Consideration as defined in
10 CFR 50.92(c).




APPENDIX C

SAMPLE 50.59 AND

SUGGESTED MODIFICATIONS TO

FARLEY TECHNICAL SPECIFICATION BASES




NUCLEAR PLANT(S): Farley Nuclear Plant Units 1 and 2

SUBJECT: ELBOW TAP FLOW MEASUREMENT

The written safety evaluation of the revised procedure,
design change or modification required by 10 CFR 50.59 (b)
has been prepared to the extent reguired and is attached.
If a safety evaluation is not required or is incomplete for
any reason, explain on Page 2.

Parts A and B of this Safety Evaluation Check List are to be
completed only on the basis of the safety evaluation
performed.

CHECK LIST - PART A 10CFR50.59(a) (1)

- {5 £ | _ A change to the plant as described in
the FSAR?

3, A change to procedures as described in
the FSAR?
A test or experiment not described in
the FSAR?
A change to the plant Technical
Specifications? (See Note on Page 2.)

CHECK LIST - PART B 10CFR50.59(a) (2) (Justification for Part
B answers 1s included on Page 2.)

¢.1 Yes____ No_X Will the probability of an accident
previously evaluated in the FSAR be
increased?

Yes___ Will the consequences of an accident
previously evaluated in the FSAR be
increased?

May the possibility of an accident which
is different than any already evaluated
in the FSAR be created?

Will the probability of a malfunction of
equipment important to safety previously
evaluated in the FSAR be increased?

Will the consequences of a malfunction
of equipment important to safety
previously evaluated in the FSAR be
increased?

May the possibility of a malfunction of
equipment important to safety different
than any already evaluated in the FSAR
be created?

Will the margin of safety as defined in
the Bases to any Technical Specification
be reduced?
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NOTES:

If the answer to any of the above guestions is unknown,
indicate under Section 5.0 REMARKS and explain below.

If the answer to any of the above guestions in Part A (3.4)
or Part B cannot be answered in the negative, based on
written Safety Evaluation, the change review would require
an application for license amendment as required by
10CFR50.59(c) and submitted to the NRC pursuant to

10CFR50.90.

5) REMARKS :
The answers given in Section 3, Part A, and Section 4, Part
B, of the Safety Evaluation Checklist, are based on the
attached Safety Evaluation.
FOR _FSAR UPDATE
Section: N/A _ Pages: __N/A  Tables: __N/A  Figures: N/A

Reason for/Description of Change:

6)

SAFETY EVALUATION APPROVAL LADDER:

Prepared By: __ . 2o _  Date:

Reviewed By: Date:
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ELBOW TAP FLOW MEASUREMENT SAFETY EVALUATION
1.0 INTRODUCTION AND BACKGROUND

The purpose of this evaluation is to assess the impact of using
the elbow tap Ap measurements as an alternate method for
performing the 18-month PCS flow surveillance on the licensing
basis and demonstrate that it will not adversely affect the
subsequent safe operation of the plant. The 18-month RCS flow
surveillance is typically satisfied by a secondary power
calorimetric-based RCS flow measurement. Many plants in recent
cycles have experiencel apparent decreases in flow rates which
have becn attributed to variations in hot leg streaming. These
effects directly impact the hot leg temperatures used in the
precision calorimetric, resulting in the calculation of low RCS
flow rates. In using the elbow tap Ap method, the RCS loop elbow
tap measurements are correlated to precision calorimetric
measurements performed during an earlier cycle when the hot leg
streaming effects were minimal. This evaluation supports the
conclusion that implementation of elbow tap Ap measurements as an
alternate method of determining RCS total flow does not represent
an unreviewed safety guestion as defined in 10 CFR 50.59.

2.0 LICENSING BASIS

Title 10 of the Code of Federal Regulations, Part 50, Section 59
(10 CFR 50.59) allows the holder of a license, authorizing
operation of a nuclear power facility, the capacity to evaluate
and initiate changes in procedures described in the Final Safety
Analysis Report (FSAR). Prior Nuclear Regulatory Commission
(NRC) approval is not required to implement a change provided
that the proposed change does not involve an unreviewed safety
question or result in a change to the plant Technical
Specifications. However, it is the obligation of the licensee to
maintain a record of the changes, to the extent that such changes
impact the Final Safety Analysis Report (FSAR). The code further
stipulates that these records shall include a written safety
evaluation that provides the basis for the determination that the
change does not involve an unreviewed safety question. It is the
purpose of this document to support the requirement for a written
safety evaluation to justify a change to the Technical
Specifications Bases.

3.0 EVALUATION

Farley Nuclear Plant (FNP) in recent cycles has experienced
apparent decreases in flow rates which have been attributed to
variations in hot leg streaming. These effects directly impact
the hot leg temperatures used in the precision calorimetric,
resulting in the calculation of low RCS flow rates. FNP, in
addition to several other three loop plants, participated in a
Westinghouse Owner’s Group (WOG) minigroup that extensively
evaluated the phenomenon of hot leg streaming. The effect of an
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apparent RCS flow reduction, indicated by precision calorimetric
flow measurements performed at the beginning of each cycle, was
present to some degree in every plant that participated in the
program. The apparent flow reduction was even more pronounced in
plants which have implement.i aggressive Low Leakage Loading
Patterns (LLLPs). Evidence that the flow reduction was apparent
and not actual was prov. 2d by elbow tap measurements. The
results of this evaluation, including a detailed description of
the hot leg streaming phenomenon and a description of an
alternate method of flow measurement using elbow taps, are
documented in WCAP-14750 (RCS Flow Verification Using Elbow Taps
at Westinghouse 3~-Loop PWRs).

Calculations have been performed to determine the impact of using
elbow tap Ap measurements as an alternate method of determining
RCS total flow at Farley Units 1 and 2. This alternate method
correlates the elbow tap Ap measurements for the present cycle to
a precision calorimetric flow measurement performed during a
baseline cycle or cycles. For Farley Unit 1 baseline flow was
determined using data from cycles 1, 4 and 5, while the Unit 2
baseline cycles were 2, 3, and 5.

The uncertainty calculations are documented in Tables A~1 through
A-5 of WCAP-14750. The calculations for both Farley units were
for Precision RCS Flow Calorimetrics for the specified baseline
cycles, Indicated RCS Flow (computer), and the Reactor Coclant

Flow - Low reactor trip. The measured flow using the elbow tap
correlation to the baseline precision calorimetric is reflected
in the uncertainty calculations for Indicated RCS Flow (computer
output normalized to measured flow) and Reactor Coolant Flow =-
Low reactor trip. Additional instrument uncertainties were
required to reflect the elbow tap correlation

Based on these calculations, the RCS flow measurement uncertainty
is 2.3% flow, equivalent to the current NRC licensed value (2.4 %
flow) after including the feedwater venturi fouling allowance of
0.1% flow. The instrument uncertainty calculations are consistent
with the methocology recommended by the NRC (NUREG/CR-3659, PNL~
4973, 2/85). The only significant difference is the assumption
of correlation to previously performed RCS Flow calorimetrics.
However, this has been accounted for by addition of instrument
uncertainties previously considered to be zeroed out by normal-
ization to a calorimetric performed each cycle. Based on these
calculations, the minimum RCS Flow that must be measured in the
plant at 100 % RTP is maintained at the value currently listed in
the Technical Specifications.

It was determined that the difference between the current Safety
Analysis Limit (85 % flow) and Nominal Trip Setpoint for Reactor
Coolant Flow - Low (90 % flow) is sufficient to allow for the
increased instrument uncertainties due to this correlation.
Therefore, no setpoint change is required and no new safety
analyses must be performed.
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4.0 DETERMINATION OF UNREVIEWED SAFETY QUESTION

The use of elbow tap Ap measurements as an alternate method of
measuring RCS total flow rate has been evaluated using the
guidance of NSAC-125. On the basis of the feliowing justifica-
tion, the use of this alternate method dees not involve an
unreviewed safety question per the criteria of 10CFR50.59(a) (2).

4.1 Will the probability or an accident previously evaluated in
the FSAR be increased?

No change to the probability of an accident can occur since this
change affects how RCS flow is calculated; actual flow is not
changed. Sufficient margin exists to account for all reasonable
instrument uncertainties; therefore, no changes to installed
equipment or hardware in the plant are required, thus the
probability of an accident occurring remains unchanged.

4.2 Will the consequences of an accident previously evaluated in
the FSAR be increased?

The initial conditions for all accident scenarios modeled are the
same and the conditions at the time of trip, as modeled in the

various safety analyses are the same. Therefore, the conseguen-
ces of an accident will be the same as those previously analyzed.

4.3 May the possibility of an accident which is different than
any previously evaluated in the FSAR be created?

No new accident scenarios have been identified. Operation of the
plant will be consistent with that previously modeled, i.e., the
time of reactor trip in the various safety analyses is the same,
thus plant response will be the same and will not introduce any
different accident scenarios that have not been evaluated.

4.4 Will the probability of a malfunction of equipment important
to safety previously evaluated in the FSAR be increased?

No significant changes to equipment installed in the plant are
required. The nominal trip setpoint for the Reactor Coolant Flow
- Low reactor trip allows for the revised normalization process
and associated increased uncertainty. There is no increase in
the probability of a malfunction of this equipment.

4.5 Will the consequences of a malfunction of eguipment
important to safety previously evaluated in the FSAR be
increased?

The plant conditions at the time of trip are unchanged.
Therefore it is expected that the conseguences of a malfunction
of equipment important to safety will be the same as those
currently modeled.
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4.6 May the possibility of a malfunction of equipment important
to safety different than any already evaluated in the FSAR
be created?

No significant changes to equipment installed in the plant are
required. The setpoint remains well within normal operating
bounds of the hardware, thus no failure mode not previously
evaluated is introduced.

4.7 Will the margin of safety as defined in the Bases to any
Technical Specifications be reduced?

No changes to the Safety Analysis assumptions were reguired,
therefore, the margin of safety as defined in the Bases will
remain the same.

5.0 CONCLUSION

The evaluation of the elbow tap Ap method of measuring RCS total
flow rate concludes that it will not result in a potential
unrevicwed safety question, as defined in 10 CFR 50.59, sirce iu
does not increase the probability or occurrence or the consequen-
ces of an accident in the FSAR. Nor has any mechanism for an
accident or malfunction, which has not been previously evaluated
in the FSAR, been identified. Also, the change does not decrease
the margin of safety as identified in the basis for any Technical

Specification. Therefore, the change to the FNP Technical
Specifications Bases is acceptable.
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POVER DISTRIBUTION LINITS

BASES

The radial peaking factor F . (2), 13 seasured periodically to provide additional
assurance that the hot chanhbl :‘#or. P.(2), remains vithin its limit. The F
‘imit for RATED THERMAL POVER ( i Btovtdod in the Racial Pesking Factor '’
limit report per Specification 6.‘.1.11 vas detersined from expected pover
control maneuvers over the full range of burnup conditions in the core.

3/4.2.4 QUADRANT POVER TILT RATIO

The quadrant pover tilt ratio limit assyres that the radial pover distribution
satisfies the design values used in the pover capability analysis. Radial pover
digstrivution measuresents ace sade during startup tasting and periodically
during pover operation.

The limit of 1.02, at vhich corrective actiom is required, provides ON® and
linear heat generation rate protection vith x-y plane pover tilts.

The tvo hour time allovance for operation with s tilr condition greater than
1.02 but less than 1.09 {3 provided to allov identification and correction of

4 dropped or misaligned control rod. In the event such cction does not correct
the tilet, the margin for uncertainty on ¥_ is reinstated by reducing the maximus
alloved pover by I percant fer each pcrccat of tilt in excess of 1.0.

For purposes of monitoring QUADRANT POVER TILY RATIO vhen one excore detector is
inoperable, the movable incore detectors are used to confirm that the normalized
sysmatric pover digstribution is consistent vith the QUADRANT POVER TILT RATIO.
The incore detector monitoring is done vith & full incore flux map or tve sets
of four symmetric thimbles. The tve sets of four symmetric thimbles is a uniqoe
set of eight detector locations. These locations are c-8, B-5, B-11, B-3, #-13,
L-5, L-11, and N-8.

3/6.2.3 DNB PARAMETERS

The limits on the DNB related parcseters sssure that esch of the parameters are
maintained vithin the normal stesdy state envalope of cperation assumed in the
transient and accident anslyses. The limits are consistent vith the initig)

FSAR assumptions and have bsen acalytically demonstrated sdegquate to meet the

ONB design criterion throughout esch anslysed transient. The indicated T - =
value of 580.7°F is based on the average of tvo control board resdings and dn *wo
indication uncertsinty of 2.5°F. The indicated pressure value of 2208 paig is,

based on the average of two control board readings and an indication {?l-:
ne) elbov

uncertainty of 20 psi. The indicated total RCS flow rate is based on

tap measurement from each loop and an uncertainty of 2.4% flov (0.1% flov is
included for leedvater vesturi fouling).

The 12 hour surveillence of Tavg and pressurizer pressure through the control
board readings are sufficient to ensure that the paramseters are restored vithin
their limits folloving load changes and other expected transient operation.

» The 18 month surveillance of the total RCS [lov ratevis a precision measucement
.- Y | that verifies the RCS flov requirement &t the beginning of each fuel cycle and
40 | ensures correlation of the flov indication channels vith the neasured Loop
A | flovs. The monthly surveillance of the total RCS flov rate is & reverification
of the RCS flov requiresent using loop elbov tap measurements that are
correlated to the precision RCS flov measurement at the beginning of the fuel
cycle. The 12 hour RCS flov surveillance is a gualitative verification of
i significant flov degradation using the control board indicstors and the lodp A
| elbov tap measurements that are correlated to the precision RCS flow ncusurt::ii/

\aL the beginning of esch fuel cycle.

FARLEY - UNIT 1 B /4 2-5

— -~

|
|
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Insert A

The 18 month surveillance of the total RCS flow rate may be performed by one of
two alternate mathods. One memod is a precision calorimetric performed at the
beginning of each fuel cycle. The other method is based on the Ap measurements
from the cold leg elbow taps, which are correlated to past precision heat balance
measurements. Correlation of the flow indication channeis with selected precision
loop flow calorimetrics for this method is documented in WCAP-14750. Use of
the eibow tap Ap measurernent method removes the requirement for performance
of & precision RCS flow calorimetric measurement for that cycle. The monthiy
surveillance of the total RCS flow rate is a reverification of the RCS flow
requirement using process computer indications ot loop elbow tap measurements
that are correlated either to the precision RCS flow measurement or the elbow tap
measurement at the beginning of the fuel cycie. The 12 hour RCS flow
surveillance is a qualitative verification of significant flow degradation using the
control board indicators fed by elbow tap measurements.




APPENDIX D

RCS ELBOW TAP FLOW MEASUREMENT PROCEDURE




Introduction

In this procedure, RCS total flow is verified at the beginning oi
a new fuel cycle by correcting the baseline calorimetric flow for
the actual change in flow, determined by comparing the new cycle
elbow tap APs with the baseline APs. This procedure can be used
in place of the RCS calorimetric flow measurement procedure to
demonstrate that the measured flow meets the requirements of the
Technical Specification DNB surveillance at the beginning of the
new fuel cycle. The procedure is described below.

LIST OF ACRONYMS USED IN PROCEDURE
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Background Information

The following comments provide additional background information
on the detailed procedure presented in the attachment.

a.

Technical Specification flow (TSF) includes an allowance for
baseline calorimetric flow (BCF) having a non-conservative
hot leg streaming uncertainty, based on streaming gradients
that were present in early cycles. Recent fuel cycles have
larger streaming gradients, but the resulting streaming
uncertainty results in a conservative flow measurement . The
BCF streaming uncertainty never exceeds the non-conservative
allowance in the TSF.

a,c
a—
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