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exas Project

BACKGROUND

Current lechnical apecifications tor South Texas Project Units | and 2 have a surverllance requirement to determing
the Reactor Coclunt Svstem (RCS) total low rate by a precision heat balance measurement at least once per |8
months. The RCS total low limit is the value assumed in the transient and accident analysi

uncertainties) required to maintain minimum Departure from Nucleate

s (plus measurement

Boiling Ratio (DNBR). The
surveillance method calculates RCS total flow based on steam generator thermal witput from a precisiot
measurement, divided by the

current

} catonmetric
enthalpy difference acr

the reactor vess=| as
Resistance lemperature Detectars (R

| indicated by
[ cveles, measurements ‘or both Ui

w rates. However

the hot and cold leg
Ds). In recen it | and Unit 2 have indicated
apparent decreases in RCS total these decreases are not

substantiated by the changes that have
weurred in the system hydraulics, and are not confirmed by other indicaticns of loop flow, ( hanges in co
4

re reload
iesigns have resulted in core exit temperature distributions that, when comt ined with in

complete flow mixing and
asymmetric flow patterns plenum, produce varying hot le g temperature indications. The

resulted in what has been referred to as hot leg streaming

in the reactor vessel upper

net ettect of these phenomena has

Hot leg streaming
eflects directly impact the hot leg temperatures used in the calorimetric based RCS flow measurement resulting in
calculated RCS total flow rates that are lower than actual values
by hot leg streaming have resulted in the measured RCS flow

minmun

I'he apparent RCS total flow reductions caused
hmit closely approaching the Technical Specification
W margin as low as 0.37% having occurred in Unit

with a minimum RCS total f) S

PROPOSED CHANGI

'he current Technical Specification Table 2.

(page 2-4), "Reactor Trip System Instrumentation Trip Setpoints,’
rovides the Trip Setpoint and Allowable Value for the RCS Flow-Low trin. The Allowable Value 1s to be changed
| } } i ¢

1o reflect the

increased uncertainty correlation of the elbow taps to

calor‘metri in addition

Parameters,” is to

associated with the a previous baseline
ower Distribution Limits, DNB
be measured by the elbow tap Ap method. These
urveillance requirement 4.2.5 .3, which currently requires performance of a
heat balance every 18 months, t specity the method for RCS flow at the
cycle. Appropriate Technical Specification Bases sections will also be revised to reflect use
Of the elbow tap Ap method for low 1

lechnical Specification 3.2.5 (page 3/4.2-11), "P

changed to allow the RCS total flow t
HEnciude moditication of

measurement 10 be used
beg mnning ot each fuel

1
i

v Measurement and to provide clanfication. The revised Technical Specifications
e in Appendix (

SAFETY EVALUATION
INTRODUCTION

i Coolant System (RCS) secondany based f{l surements at many pressurized water
reactor plants, including South Texa & 2, have been
rature streaming e

attected by increases
18 nereasce e

hot leg
changes in the reactor core radial power distribution
impiementation of low leakage toading patterns. In some

n

cases, measured flow appears
" 1 r ’ Py . ) . ¢
decreased to, or below | measured tlow required by the Technical Specitications
for the apparent How reduction u

SUch
currences require licenseg

S¢S Or to confirm by other means s NOt decreased below the specitied himit
Py nl \ } \ i th O e ) 5 A n tl meters
Cases, plants have relied on the repeatab W > €1bow tap tiow meter

S tlow by a

» demaot
has not decreased | alternaie

calorimetric and elbow tap flk
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Currently, the Technical Specifications require that RCS flow be measured once per tuel
demonstrate that the actual flow is greater than the minimum flow assumed for the safets analysis. This

Safety Evaluation justifies use of an alternate method to measure total RCS flow at South Texas Project
Units | &

fhe current RCS calorimetric flow measurement method based on RCS temperature and secondany

calorimetric power measurements has inherent limitations imposed by changes in the core radial power
distribution. The proposed alternate method using elbow tap flow measurements normalized to a measured

baseline calorimetric flow minimizes these limitations

SUMMARY

lhe procedure described in this safetv evaluation for verifying RCS total flow with elbow tap flow

measurements normalized to calorimetric flow measurements has been approved by the Nuclear Regulatory
| : !

Commission for application at other nuclear power plants. Applicability of the procedure has been

confirmed by comparing measured RCS elbow tap flow trends with best estimate flow trends based on
analysis and application of RCS hydraulic test data (Section 3.6)

Evaluation of plant operating data from South Texas Project Units | & 2 has defined sufficiently accurate

baseline parameters for both the elbow tap and calo ‘imetric flow measurements. Flow changes measured

by elbow taps obtained over several fuel cycles are consistent with the predicted flow changes due to

changes in RCS hydraulics, as shown on Figures 3.6-1 and 3.6-2 Application of the procedure using

normalized elbow tap measurements will result in the recovery of the apparent decrease in flow attributed
to changes in hot leg temperature streaming

While modifications to the South Texas Project Technical Specifications will be needed to allow use of the

alternate RCS flow measurement procedure, no unreviewed safety questions have been identified

RCS HOT LEG TEMPERATURE STREAMING
Phenomenon

I'he RCS hot leg temperature measurements are used in control and protection systems to ensure

lemperature s within design himits, and in a surveillance procedure with secondary plant

calorimetric power measurements to determine the RCS flow Uncertainty

in 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 known as hot leg
lemperature streaming, L.e., large temperature gradients within the hot leg pipe resulting from
incomplete mixing of the coolant leaving fuel assemblies at different temperatures. The magnitude
it these hot leg temperature gradients where the lemperatures are measured is a function of the core

racdial 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, the largest difference in fuel assembly exit
temperatures at full power was typically no more than 30°F. The lowest temperatures we:
measured at the exit of fuel 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 of the core, 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 nozzle.

Since hot leg flow is highly turbulent, additional mixing occurs in the hot leg pipe, and the
maximum gradient where temperature is measured, 7 to 17 feet downstream from the reactor vessel
nozzle, is less than at the nozzle. In 1968, gradients measured on the circumference of the pipe

were as high as 7 1o 10°F, so turbulent mixing in the pipe did not eliminate the gradient introduced
at the core exit.

The 1968 tests and subsequent tests showed that the highest temperatures are in the top half of the
pipe, while the lowest temperatures are in the bottom half, as expected, since the colder water from
the outer row of fuel assemblies is closest to the bottom half of the hot leg nozzle.

Figure 3.3-1 illustrates a postulated flow pattern in the reactor vessel upper plenum between the
core exit and the hot leg nozzle. Figure 3.3-2 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.

332 History

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

During startup of a Westinghouse-designed 3-loop plant in 1968, RTDs on opposite sides of the hot
leg pipes measured different temperatures. Recalibrations and special tests confirmed that the
measurements were valid, so Westinghouse concluded that the hot leg temperature differences
resulted from incomplete mixing of flows leaving fuel assemblies at different temperatures. To
confirma this conclusion, thermocouples were strapped to the outside of two hot leg pipes, and
gradients were detected that increased as core power increased. The maximum full power gradient
was 10°F in one loop and 7°F in the other loop. Since only one RTD was used to define hot leg
temperature for control and protection systems, the hot leg temperature measurement was not as
accurate as intended.

With additional analyses and development, Westinghouse designed and installed new
instrumentation systems at other plants after 1968 to compensate for hot leg temperature streaming
gradients. The new system, called the RTD Bypass System, employed scoops in the hot leg piping
at three uniformly spaced locations on the circumference of the pipe. Holes on the upstream side
of the scoop collected small sample flows. The three sample flows, which were at different
temperatures, were combined and directed through an RTD manifold where the average hot leg
temperature was measured.

Page 3
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o eliminate personnel radiation exposure to RTD Bypass System piping during plant shutdowns
Westinghouse replaced many systems after 1988 with a system hay ing three thermowell RTDs in
each hot leg. The RTDs were installed at uniformly spaced locations, like the RTD bypass scoops
to retain the three measurements on the hot leg. In many cases the thermowell RTDs were installed

mside the bypass scoops, so the average thermowell RTD measurement was the same as the
temperature by the RTD Bypass System

Subsequent to 1968, additional hot leg streaming measurements were performed at 2-loop. 3-loop

and 4-loop plants. The results of these measurements were used in several analyses to define hot

leg temperature streaming uncertainties used in safery analvses and protection system setpomnt
: ! \ }

calculations. Gradients measured in these tests varied from 7 to 9°F. After 1988. the thermowell
RTD systems provided hot leg streaming data from the three RTDs in each hot leg. The gradients
measured prior to 1991 varied from 2 to 9°F with most of the gradients measured at 5 to 7°f

Hot Leg Streaming Impact on RCS Flow Measurements
Before 1988, reports of hot leg temperatur » measurement problems were unusual, and no significant
changes in streaming gradients were identified. In 1988, the first significant indication of a
streaming change occurred at a 4-loop plant, followed by similar occurrences in 1989 and 1990 at
three more 4-loop plants

In all four cases, the measured coolant temperature rise across the core
(Al I,

(= Teaig) had increased from that measured in previous fuel cycles by as much as 3%
Since coolant AT 1s a major input in determining the measured RCS calorimetric flow. a AT
increase of 3% implied that RCS flow had

including South Texas Project Units | & 2 and several 3-loop and 4-loop plants, have also reported
apparent flow reductions

apparently decreased by 3%. Many other plants,

In some cases, the apparent flow was just at or above the minimum flow
requirement specified 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
izl not significantly changed

Both units at one plant site in 1990 reported that calorimetric flows appeared to be below Technical

Specification reauirement After additional data had been evaluated, data from elbow taps

confirmed that RCS flow was adequate. The Nuclear Regulatory Commission was advised of the

apparent low calorimetric flow indication and the elbow tap flow data. The Nuclear Regulator

Commission concurred with the licensee's conclusion that RCS flow was adequate for safe
operation at full power for the remainder of the

le
CYLig

Correlation of Changes in Power Distribution and RCS Flow

At the plants where apparent flow reductions were measured, Westinghouse noted that in all cases
the core exit thermocouples measured much larger temperature gradients, approaching 60°F,

shown on Figure 3.3

as
due to much lower exit temperatures at the edge of the core. A review of

core radial power distributions indicated that the power generated in outer row fuel assemblies

decreased significantly from power levels measured in earlier cycles confirming the large core exit
temperature gradients
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-

Westinghouse com radial power distributions and calorimetric flow measurements obtained

from seveal cycles « veral 3-loop and 4-loop plants, and concluded that the apparent changes

in flow correlate with the radial power distribution gradient at the edge of the core

Figure 3 3.4
plots apparent low leakage loading pattern induced flow decreases measured at a group of 3-loop

plants versus the difference between the average power generated in second row and outer r

assemblies. The apparent flow decreases appear 1o occur when power differences exceed 50°

o
condition consistent with low leakage loading patterns. The correlation of power difference versus

flow can be represented by a straight line, as shown on Figure 3 3 t. According to this data, the

measured RCS flow appears to decrease by 3% as the difference between power in second row and

outer row assemblies increases from 49% to 78%




FIGURE 3.3-1

UPPER PLENUM and RCS HOT LEG FLOW PATTERNS
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FIGUY

I'YPICAL CORE EXIT TEMPERATURE GRADIENT and
RCS HOT LEG CIRCUMFERENTIAL TEMPERATURE GRADIENT
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I'YPICAL CORE EXIT TEMPERATURE CHANGI
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FIGURE 33.4

CALORIMETRIC FLOW MEASUREMENT BIAS
VERSUS DIFFERENCE BETWEEN AVERAGE
SECOND ROW AND OUTER ROW ASSEMBLY POWERS
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ELBOW TAP FLOW MEASUREMENT APPLICATION
Elbow Tap Flow Measurements

Elbow tap differential pressure (Ap) measurements are being used more frequently in the industry
to determine if, or by how much, RCS flow has changed from one fuel cycle 1o 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 3.4-1. The Ap taps are located on a plane 22.5° around
the first 90° elbow. Each elbow has one high pressure and three low pressure taps connected to
three redundant Ap transmitters. Elbow taps in this arrangement are used to define relative rather
than absolute flows, due to the lack of straight piping lengths upstream from the elbow. The A\p
measurements are repeatable and thus provide accurate indications of flow changes during a cycle
or from cycle to cyele

'he RCS elbow tap flow meters’' are a form of centrifugal meter measuring momentum forees

.

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 aftect the elbow
tap flow meters in the RCS piping applic «ion 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

"y ' | C
Venturi Fouling

Venturi flow meters in feedwater systems are affected by crud deposits (1.e., fouling) that

aftect surtace 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 1o the velocity
increase as flow approaches the smaller venturi flow area. This condition is not present in an
elbow since there 1s no change in cross section to produce a velogity increase and ionization
In addition, surface roughuess changes as experienced in venturi flow meters do not affect the

¢lbow tap flow measurement

Fluid Meters, Their Theory and Application", 6t} | ‘ ean, ASME, New

York

1971
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Meter Dimensional Changes

'he 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

(near 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

etlects 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

Upstream Velocity Distribution Effects

I'he velocity distribution entering the steam generator outlet nozzle may be skewed by its off-

center location relative to the tube sheet. The velocity distribution entering the 90° elbow

where the flow meter taps are located may also be skewed by the out-of-plane upstream 40

elbow on the steam generator outlet nozzle. However, these velocity distributions. inciuding

the distribution in the elbow tap flow meter, remain constant so the elbow tap flow meter

Ap/flow relationship does not change

lube
plugging is typically distributed randomly across the tube sheet, so the velocity distribution
approaching the

Another upstream effect that was considered was steam generator tube plugging

outlet nozzle does not change as additional tubes are plugged. The velocity
distribution could change if a large number of tubes were plugged in one area of the tube
: LS

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 greatly reduces

or flattens an upstream velocity gradient. Therefore, any tube plugging, even if asymmetrically

distributed, does not impact eibow tap flow measurement repeatability

Also considered was the effect of steam generator replacement on the elbow tap flow
measurements. The replacement steam generators will have the same outlet nozzle off center

location and the same nozzle diameter and taper. Since the configuration is the same and the

same difference in plenum and nozzle velocity heads will exist, steam generator replacement
will have no impact on the elbow tap flow coefficient. The RCS flow will increase since there
will be no plugged tubes and the steam generator flow resistance will be reduced: the elbow
taps wili correctly measure the increase in flow




South Texas Project Units | and 2 - RCS Flov. Measurement | sing Elbow "ap Methodology Licensing Submittal

Flow Measurement Comparisons

'he LEFMs installed at Prairie Island Unit 2 provided data 1 confirm repeatability of elbow
tap flow meters. The comparisons, listed in Table 3.4-1, covered 11 vears 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 impeller replacement was in agreement with the precicted flow change, and the
elbow tap flow meters indicated similar changes. The | 1-vear 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 with one and two pamps in operation, thus
further confirming the relative flow measurements from elbow tap flow = “ters

Elbow Tap Flow Measurement Procedure

I'he elbow tap flow measurement procedure relies on repeatability of elbow tap Aps to accurately
verify RCS flow. Comparison of eibow 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 calorimetric

flows, the elbow tap Aps can accurately verify flow for any future fuel cvele. The elbow tap

procedure for verifying RCS flows is described in detail below
Baseline Calorimetric Flow

he Baseline Calorimetric Flow is defined as the calorimetric flow which best reprevents the
actual plant flow at the beginning of plant life. Calorimetric flow measurements ohtained
during early fuel cycles before low leakage lo.ding pattern application are expected to be
consistent with the best estimate flow predictions, both in total flow and in changes in flow

resulting from known hydraulics changes, based on the best estimate flow analyses descrived
in Section 3.5

Any early cycle calorimetric measurement which determines flow for the cvele to be within
the specified measurement uncertainty could be used to define the baseline calorimetric flow
o improve accuracy, calorimetric flows from all fuel cycles are evaluated for use in defining
baseline calorimetric flow. If a known hydraulics change (e.g., tube plugging) was made
betore a cycle, calorimetric flow for the cycle should be adjusted so all flows have a common
hydraulic baseline. The hydraulic configuration that existed at initial plant startup is usually
defined to be the common hydraulic baseline. After adjustment. all cvcle calorimetric flows
should be similar, differing only by a calorimetric measurement repeatability allowance
Calorimetric flows that fall well outside the allowance (either high or low) should not be used
in defining baseline flow. Calorimetric flows appearing to be significantly impacted by low
leakage loading patterns and hot leg streaming are not typically considered since the objective
of the procedure is to correct for the impact of low leakage loading patterns Additionally,
calorimetric flows that are significantly higher than the best estimate flow should not be

ncluded in the baseline flow calculation because they introduce a non-conservative bias
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Ihe accuracy of the baseline calorimetric flow measurement is based on plant specific
instrumentation uncertainties that existed when the flow measurements used to define baseline
flow were performed. Instrument uncertainty calculations, described in Section 3.7, define the
total flow measurement uncertainty. Included in the baseline calorimetric flow measurement
uncertainty 1s an allowance for non-conservative hot leg temperature streaming based on
streaming gradients that existed when baseline flow measurements were performed Although
low leakage loading patterns cause larger streaming gradients, the streaming uncertainty
becomes more conservative, so a larger, low leakage loading pattern induced streaming

uncertainty is not needed
Baseline Elbow Tap AP

Elbow tap Aps obtained in the first cycle define a baseline elbow tap flow coefficient, which
15 used in connection with the baseline calorimetric flow to define a future cycle flow. The
baseline elbow tap flow coefficient (B) is defined by the following equation

“ \, ¢ I‘q 1)

baseline elbow tap total flow coefficient
(inches H,O * ft'/ Ib)
baseline average elbow tap Ap (inches H,0)

average cold |.‘}! specitic volume (ft'/ Ib)

I'he baseline elbow tap flow coefficient, based on the average Ap from all elbow taps, defines
the total flow to be consistent with the total baseline calorimetric flow Repeatability and

accuracy are improved when all elbow tap Ap measurements are used
tlow Verification for Future Cycles

Elbow tap Aps will be obtained at the beginning of & future cycle to define the change from
the baseline flow. The average of all elbow tap Aps measured at or near full power defines

the future cycie elbow tap flow coefficient (K), applying the equation
K = Ap, (Eq. 2)

where future cycle elbow tap total flow coefficient,
(inches H,O * ft'/ Ib)
average future cycle elbow tap Ap (inches H,0)

average future cycle cold leg specific volume (ft h)

[he change in flow from the baseline cycle to the future cycle is defined by the elbow tap

flow ratio (R), based ¢ 5 “he equation
(K / B)

of future ¢vele flow to baseline flow
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I'he future cvcele flow is determined by multiplying the baseline calorimetric flow by the elbow
tap flow ratio (R), applying the following equation

FCF =R * BCI (Eq. 4)
where FCH total future cycle flow, gpm
BCH total baseline calorimetric flow, gpm

HBest Estimate Flow Confirmation

A future total flow determined from an elbow tap flow measurement is confirmed by
comparing the measured elbow tap flow ratio (R) with an estimated flow ratio (R") based on
the best estimate flow analysis (described in Section 3.5) of known RCS hvdraulics changes
such as steam generator tube plugging or fuel design changes. The estimated flow ratio is
defined by the following eguation

R' = FEF / BEI (Eq.5)

where FEI future cycle estimated flow, the estimated RCS flow.
based on actual RCS hydraulics changes
BEI best estimate flow, the estimated initial (baseline)

cycle RCS flow, based on hydraulics analyses
AN acceptance critenion is applied to the comparison of R and R

It R < (1.004 * R"), the elbow tap flow ratio R is used to calculate the future cvele RCS
total flow using Equation 4

IR > (1.004 * R"), the quantity (1.004 * R") is used to define the future cycle RCS total
flow, modifying Equation 4 as indicated below

FCI 1.004 * R" * BCi (Eg. 6)

'he multiplier (1.004) applied to R’ is an allowance for the elbow t low measurement
repeatability. Since the elbow tap flow measurement uncertainty includes this repeatability
allowance, the measured flow ratio [R] can be 0.4% higher than the estimated flow ratio [R']
and still define a conservative flow

Application of this acceptance criterion results in definition of a conservative future cycle flow,

confirmed by both the elbow tap measurements and the best estimate hvdraulics analysis
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b. The vessel internals flow resistance accounts for the Aps with total flow through the
downcomer, lower plenum, and upper plenum. The flow resistances are determined from
hydraulic model test data for each type of reactor vessel, based on Ap measurements within
the model.

¢. 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 guide thimbles.

Steam Generator

The steam generator =« v wice is defined in five parts: inlet nozzle; tube inlet, tubes; tube
outlet; and outlet now.. o overall flow resistance was confirmed by the Prairie Island
hydraulics test program (Section 3.5.2). The analysis accounts for the plugged or sleeved tubes
in each steam generator, so loep “pecific flows can be calculated when different numbers of
tubes are plugged or sleeved in each loop.

K Coolaat Pioi

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 hydraulic 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 3.5.2),

155 BestEstimate RCS Flow Caleulations

The best estimate RCS flow analysis defines Best Estimate Flow (BEF) and Future Cycle Estimated
Flow (FEF) for the elbow tap RCS flow measurement procedure. The caleulation combines
component flow resistances and pump performance predictions based on hydraulic model tests, and
defines RCS loop flows at the desired power ot temperature with any combination of pumps
operating, with any fuel assembly design, and with different tube plugging in each steam generator.
The calculated best estimate flows are in good agreement with calorimetric flow measurements from
many plants before low leakage loading patterns were implemented, as discussed in Section 3.3
For the many plants where the comparisons have been made, the calculated best estimate changes
in flow from cycle to cycle have been in good agreement with changes measured by elbow taps.

EVALUATION OF SOUTH TEXAS PROJECT RCS FLOW PERFORMANCE

RCS elbow tap flow and calorimetric flow measurements from South Texas Project Units | & 2 were
evaluated and compared with best estimate flow to determine RCS flow performance. Elbow tap flow
measurements indicate actual flow changes and are expected to compare well with changes predicted by the
best estimate analysis. Calorimetric data from each unit established the baseline flow and identified flow
changes caused by hydranlics changes as well as hot leg temperature streaming biases in later fuel cycles.
The South Texas Project RCS flow measurement evaluation is described in the following paragraphs.
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Best estimate flow analyses defined flows for each of the seven cycles for Unit 1. The Cycle |
initial startup flow was defined 1o be 407,472 gpm. Hydraulics changes affecting subsequent cycle
flows defined the following changes in flow, listed on Table 3 6-1.

o Impeller Smoothing: As stated in Section 3.5, impeller smoothing is expected to cause a flow
decrease of about 0.6% flow after the first cycle. Since the Unit | pre-startup tests required
longer than normal reactor coolant pump operating time, some impeller smoothing may have
oceurred before Cycle | startup.  For this analysis, the flow decrease due to impeller
smoothing prior to Cycle 2 was defined to be 0 to <0.6% flow, to allow for smoothing that
may have occurred before Cycle 1.

b, Steam Generator Tube Plugging: The tube plugging at Unit | had a negligible impact on RCS
flow until Cycle 6 when the average plugging reached 0 8%, causing an estimated decrease of
0.2% flow. Prior to Cycle 7, an additional 0.5% plugging ocourred, causing an additional
estimated decrease of 0.1% flow.

¢ Fuel Design Changes: Although the fuel design changed over the seven cycles, the best
estimate analyses determined that the overall impact of the changes on RCS flow was
negligible.

Considering all of the above, the overall impact of the hydraulic changes was expected to be 0.3
to 0.9% flow over seven cycles of operation, as indicated in Table 3.6-1. Cycle 1 is defined as the
baseline for best estimate flow, and the trend defined on Table 3.6-1 is plotted on Figure 3.6-1, with
the Cyele | flow specified as 100%.

Based on the elbow tap flow measurement procedure described in Section 3.4.2, the future cycle
estimated flow (FEF) is 99.1%, so the estimated flow ratio (R") for Cycle 7 and for future cycles
if no hydraulics changes are made is, therefore, 0,991

South Texas Project Unit 2

Best estimate flow analyses defined flows for each of the six fuel cycles for Unit 2. The Cyele |
initial startup flow was defined to be 405,756 gpm. Hydraulics changes affecting subsequent cycle
flows defined the following changes in flow, listed on Table 3.6-1.

a.  lmpeller Smoothing: As stated in Section 3.5, impeller smoothing is expected to cause a flow
decrease of about 0.6% flow after the first cycle. Unit 2 pre-startup testing was normal, so the
flow decrease for Cycle 2 was defined to be -0.6% flow.

b, Steam Generator Tube Plugging: The tube plugging at Unit 2 had a negligible impact on RCS
flow until Cycle 6 when the average plugging reached 3.5%, causing a decrease of 0.8% flow.

¢.  Fuel Design Changes: Although the fuel design changed over the six cycles, the best estimate
analyses determined that the overall impact of the changes on RCS flow was negligible.
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TABLE 3.6

SOUTH TEXAS PROJECT BEST ESTIMATE FLOW SUMMARY

Impeller smoothing impact = 0 to <0.6%. Only the maximum impact is considered

here.

CYCLE | BEST ESTIMATE FLOW = 407,472 GPM

HYDRAULICS CHANGE

N/A
Impeller Smoothing
N/A
N/A
N/A
S/G Tube Plugging
S/G Tube Plugging

CYCLE | BEST ESTIMATE FLOW = 405,756 GPM

HYDRAULICS CHANGE FLOW CHANGE (%)
N/A 0.0
Impeller Smoothing 0.6
N/A 0.0
N/A 0.0
N/A 0.0
S/G Tube Plugging 08

UNIT 1

UNIT 2
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FLOW CHANGE (%)

0.0
0.6 (%)
0.0
0.0
0.0
02
0.1

FLOW (%)
100.0
994
99.4
99.4
9.4
99.2
99.1

FLOW (%)
100.0
994
99.4
99.4
994
98.6
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APPENDIX A

INDICATED RCS FLOW and REACTOR COOLANT FLOW
LOW REACTOR TRIP INSTRUMENT UNCERTAINTIES




FABLE A<l BASELINE FLOW CALORIMETRI
INSTRUMENTATION UNCERTAINTIES




FLOW CALORIMETRIC SENSITIVITIES




IABLE A CALORIMETRIC RCS FLOW ML ASI
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COLD LEG ELBOW TAP FLOW UNCERTAINTY
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APPENDIX B

NO SIGNIFICANT HAZARDS CONSIDERATION
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INg

POWER DISTRIBUTION LIMITS

3/4.2.5 DNB PARAMETERS

LIMITING CONDITION FOR OPERATION

p— Pr— P =

3.2.5 The following DNB-related parameters shall be maintained within the
1imits following

o Reactor Coolant System 1 ., s 598°F

b Pressurizer Pressure, > 2189 psig*
( Reactor Coolant System Flow, = 392,300 gpm**
APPLICABILITY: MODE 1
ACTION
With any of the above parameters exceeding its limit, restore the parameter to

within 1ts 1imit within 2 hours or reduce THERMAL POWER to less than 5% of
RATED THERMAL POWER within the next 4 hours

SURVEILLANCE REQUIREMENTS

4.2.5.1 Each of the parameters shown above shall be verified to be within its
limits at least once per 12 hours. The provisions of Specification 4.0.4 are
not applicable for verification that RCS flow is within its limit

4.2.5.2 The RCS flow rate indicators shall be subjected to a channe)
calibration at least once per 18 months

4.2.5.3 The RCS total flow rate shall be determined by precision heat balance
measurements at least once per 18 months. The provisions of Specification
4.0.4 are not applicable

* Limit not applicable during either a Thermal Power ramp in excess of 5% of

S
RTP per minute or a Thermal Power step in excess of 10% RTP

**Includes a 2.8% flow measurement uncertainty

SOUTH TEXAS

bow 1lap Methodology Licensing Submittal
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POWER DISTRIBUTION LIMITS
BASES

rememr

HEAT FLUX HOT CHANNEL FACTOR and NUCLEAR ENTHALPY RISE HOT CHANNEL
FACTOR (Continued)

when an F, measurement is taken, an allowance for both experimenta) error

and manufacturing tolerance must be made. An allowance of 5% is appropriate

for a full-core map taken with the Incore Detector Flux Mapping System, and a
3% allowance 1s appropriate for manufacturing tolerance

The Radial Peaking Factor f_‘(ZJ 1S measured periodically to provide
assurance that the Hot Channel Factor _Fa(Z), remains within its limit. The
F,y 11mit for RATED THERMAL POWER (F, "'")" as provided in the Core Operating
Limits Report (COLR) per Specification 6.9.1.6 was determined from expected
power control maneuvers over the full range of burnup conditions in the core

3/4.2.4 QUADRANT POWER TILT RATIO

The QUADRANT POWER TILT RATIO limit assures that the radial ?ower agistribu
tion satisfies the design values used in the power capability analysis

Radial power distribution measurements are made during STARTUP testing and
periodically during power operation

The 1imit of 1.02, at which corrective action is required provides DNB
and 1inear heat generation rate protection with x-y plane power tilts. A limit
of 1.02 was s~lected to provide an allowance for the uncertainty associated with
the indicated power tilt

The 2-hour time allowance for operation with a tilt conditior greater
than 1.02 1s provided to allow identification and correction of a dropped or
misaligned control rod In the event such action does not correct the tilt.
the margin for uncertainty on Fn 15 reinstated by reducing the maximum allowed
power by 3% for each percent of tilt in excess of 1

For purposes of monitoring QUADRANT POWER TILT RATIO when one excore
detector 1s inoperable, the moveable incore detectors are used to confirm that
the normalized symmetric power distribution is consistent with the QUADRANT
POWER TILT RATIO. The incore detector monitoring is done with a full incore
flux map or two sets of four symmetric thimbles. The two sets of four symmetric
thimbles i1s a unique set of eight detector locations. These locations are
C-8, E-5, E-11, H-3, H-13, L-5, L-11. N-8

3/4.2.5 DONB PARAMETERS

The Timits on the DNB-related parameters assure that each of the parameters
are maintained within the normal steady-state envelope of operation assumed in
the transient and accident analyses. The 1imits are consistent with the
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POWER DISTRIBUTION LIMITS
BASES

3/4.2.5 DNBE PARAMETERS (Continued)

initial rSAR assumptions and have been analytically demonstrated adequate to
maintain a minimum ONBR of greater than or equal to the design 1imit throughout
each analyzed transient. The T, _ value of 598°F and the pressurizer pressure
value of 2189 psig are aﬂalyt|<37*~diues The readings from four channels will be
averaged and then adjusted to account for measurement uncertainties before
comparing with the required limit The flow requirement (392,300 gpm) includes a
measurement uncertainty of 2.8%. The RCS flow measurement uncertainty of 2.8%
bounds the precision calorimetric measurement method and the elbow tap

measurement method. The elbow tap Ap measurement uncertainty (2.6%) presumes that
elbow tap Ap measurements are obtained from either QDPS or the plant process
computer,

The 12-hour periodic surveillance of these parameters through instrument
readout 1s sufficient (o ensure that the parameterc are restored within their
1imits following load changes and other expected transient operation
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