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b E UNITED STATES
'E ! NUCLEAR REGULATORY COMMISSION_

' fg * j# WASHINGTON, D.C. 20555-0001

**** April 13, 1994
Docket Nos. 50-413, 50-414

50-369, and 50-370

LICENSEE: Duke Power Company

FACILITY: Catawba Nuclear Station, Units 1 and 2
McGuire Nuclear Station, Units 1 and 2

SUBJECT: SUMMARY OF FEBRUARY 10, 1994, MEETING WITH DUKE POWER COMPANY ON
RCS FLOW MEASUREMENT METHODOLOGY

On February 10, 1994, members of the NRC staff met with representatives of the
Duke Power Company (DPC) in Rockville, Maryland. 'The purpose of-the meeting
was to discuss the licensee's application dated January 10, 1994, that

.

proposed to change the method for determining reactor coolant system (RCS)
flow rate for both the Catawba and McGuire Nuclear Stations. A list of
attendees is included as Enclosure 1.

The past method has been based on use of a calorimetric heat balance (CHB) .on
the plant secondary side, divided by the primary side. differential enthalpy.
On entry of Catawba Unit 1 into Cycle 8 operation in early January 1994, the
CHB method provided 'an indicated RCS flow rate that allowed- operation only up -
'to 97% power. The licensee's slide number 20 in Enclosure 2 ' illustrates the
history of the Catawba Unit 1 RCS flow rate determined by the CHB method. In
response, the licensee proposed a change in the method for measuring RCS flowf
rate to one based on a one-time normalization of the RCS cold leg elbow tap
signals to constants derived from averaged valid calorimetrics from previous;
cycles. Slide 31 presents a comparison of the flow indicated by the CHB' '

method to that indicated by the elbow taps.

The licensee's presentation summarized the RCS flow' measurement problem, j
provided an overview of the proposed _ alternate method, discussed the error-
associated with the elbow tap flow measurement, and discussed responses to j

particular topics identified by the NRC staff prior to the meeting. The
licensee's slides are provided as Enclosure 2.

Slide number 35 of Enclosure 2 indicates that the methodology for.the RPS trip ,

flow measurement is identical to that submitted during the initial. licensing .

of each station and references letters from DPC to NRC dated October 8,1981,
,

and July 30, 1984, for McGuire and Catawba, respectively. Although not
.

's
specifically stated by the licensee, the Catawba reference is understood to be ,

the letter from Mr. Hal B. Tucker, DPC, to Mr. Harold R.' Denton, NRC, dated
July 30, 1984, and its enclosure, " Westinghouse Setpoint Methodology for
Protection Systems, Catawba Station," June 1984, by R. L.-Jansen and

.

.

C. R. Tuley. A copy of this reference was not available to .the; staff until
well after the meeting. Slide number 35 references a letter from DPC to NRC 1
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|
dated November 23, 1982, for McGuire and references Catawba: FSAR question I

I492.7 as providing the uncertainty methodology for the Technical Specificatica.
~

'surveillance flow measurement. The McGuire reference was the subject of
Amendments 22 and 3 to the McGuire licenses, issued on June'28, 1983. A copy
of the response to FSAR question 492.7 was provided by the licensee on
February 8, 1994, and is included as Enclosure 3.

Enclosure 4 includes topics for discussion identified by the. staff prior to
the meeting and Enclosure 5 includes the licensee's. responses to them.

.

'

Enclosure 5 included an RCS ilow Uncertainty Analysis in its Attachment 2 that
was indicated to be proprietary information by DPC. Duke Power has been
requested to submit a letter and affadavit attesting to'its proprietary ;

nature. Accordingly, it is not' included with this summary.

Enclosure 6 includes further topics for conversation identified by the staff
prior to the meeting. These topics were discussed during the meeting as
needed.

/s/
Robert E. Martin, Senior Project Manager.
Project Directorate II-3 -

Division of Reactor Projects - I/II
Office of Nuclear Reactor Regulation

Enclosures:
1. List of Attendees
2-6. Handouts <

cc w/ enclosures:
See next page
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dated November 23, 1982, for McGuire and references Catawba FSAR question
492.7 as providing the uncertainty methodology for the Technical Specification
surveillance flow measurement. The McGuire reference was the subject of
Amendments 22 and 3 to the McGuire licenses, issued on June 28, 1983. A copy |
of the response to FSAR question 492.7 was provided by the licensee on
February 8, 1994, and is included as Enclosure 3.

Enclosure 4 includes topics for discussion identified by the staff prior to
the meeting and Enclosure 5 includes the licensee's responses to them.
Enclosure 5 included an RCS Flow Uncertainty Analysis in its Attachment 2 that
was indicated to be proprietary information by DPC. Duke Power has been
requested to submit a letter and affadavit attesting to its proprietary 'l
nature. Accordingly, it is not included with this summary.

Enclosure 6 includes further topics for conversation identified by the staff
prior to the meeting. These topics were discussed during the meeting as
needed.
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obe t E. Martin, Senior Project Manager

i
Project Directorate.II-3 1

Division of Reactor Projects - I/II
Office of Nuclear Reactor Regulation

Enclosures:
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McGuire Nuclear Station
Duke Power Company Catawba Nuclear Station

cc:
A. V. Carr, Esquire Mr. Dayne H. Brown, Director
Duke Power Company . Department ~of Environmental,
422 South Church Street Health and Natural Resources
Charlotte, North Carolina 28242- Division of Radiation Protection
0001 P. O. Box:27687

Raleigh, North Carolina 27611-7687
County Manager of Mecklenberg County
720 East Fourth Street Mr. Marvin Sinkule, Chief
Charlotte, North Carolina 28202 Project Branch #3

U. S. Nuclear Regulatory Commission
Mr. R. O. Sharpe 101 Marietta Street, NW. Suite 2900
Compliance Atlanta, Georgia 30323
Duke Power Company
McGuire Nuclear Site Ms. Karen E. Long
12700 Hagers Ferry Road Assistant Attorney General "

Huntersville, NC 28078-8985 North Carolina Department of
Justice

J. Michael McGarry, III, Esquire P. O. Box 629
Winston and Strawn Raleigh, North Carolina 27602
1400 L Street, NW.
Washington, DC 20005 Mr. G. A. Copp

Licensing - EC050
Senior Resident Inspector Duke Power Company
c/o U. S. Nuclear Regulatory P._0. Box 1006

Commission Charlotte, North Carolina 28201-1006
12700 Hagers Ferry Road
Huntersville, North Carolina 28078 Regional Administrator, Region II

U.S. Nuclear Regulatory Commission-
Mr. T. Richard Puryear -101 Marietta Street, NW. Suite 2900
Nuclear Technical Services Manager Atlanta, Georgia 30323
Westinghouse Electric Corporation
Carolinas District Elaine Wathen
2709 Water Ridge Parkway, Suite 430 Lead REP Planner
Charlotte, North Carolina 28217 Division of. Emergency Management

116 West Jones Street
Dr. John M. Barry Raleigh, North Carolina 27603-1335
Mecklenberg County
Department of Environmental

Protection
700 N. Tryon Street
Charlotte, North Carolina 28202
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McGuire Nuclear Station a

Duke Power Company Catawba Nuclear Station

'

cc:
Mr.'Z. L. Taylor North Carolina Electric Membership
Regulatory Compliance Manager Corporation
Duke Power Company P. O. Box 27306
4800 Concord Road Raleigh, North Carolina 27611
York, South Carolina 29745

Senior Resident Inspector-
North Carolina Municipal Power Route.2, Box 179 N'

Agency Number 1 York, South Carolina 29745
1427 Meadowwood Boulevard
P. O. Box 29513 Mr. David L. Rehn
Raleigh, North Carolina 27626-0513 Vice President, Catawba Site

Duke Power Company
County Manager of York County 4800 Concord' Road
York County Courthouse York, South Carolian 29745
York, South Carolina 29745

Mr. T. C. McMeekin
Richard P. Wilson, Esquire Vice President, McGuire Site
Assistant Attorney General Duke Power Company
South Carolina Attorney General's 12700 Hagers Ferry Road

Office Huntersville, North Carolina 28078
P. O. Box 11549
Columbia, South Carolina 29211 g

Piedmont Municipal Power Agency
121 Village Drive ,

Greer, South Carolina 29651 |
-1

Saluda River Electric -|

P. O. Box 929
Laurens, South Carolina 29360 |
Max Batavia, Chief I
Bureau of Radiological Health
South Carolina Department of

Health and Environmental Control
2600 Bull Street
Columbia,-South Carolina 29201
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ENCLOSURE 1

FEBRUARY 10, 1994

RCS FLOW RATE METHODOLOGY MEETING

ATTENDEES

Name Oraanization

Bob Martin NRC/PDII-3
Gregg Swindlehurst DPC

Scott Gewehr DPC

Jacky Lee DPC

Michael Carroll .DPC
Ken Canady DPC

Mark Caruso .NRC/SRXB
Tai Huang NRR/SRXB
Harry Balukjian NRR/SRXB
Bintoro Aji NRC/ Assignee-SRXB

1
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ENCLOSURE 2 y'
''"

NRC / DUKE POWER MEETING
FEllRUARY 10,1994

TECH SPEC REVISION TO CH ANGE THE METilOD OF
REACTOR COOLANT SYSTEM FLOW MEASUREMENT

PRESENTATION

I. SUMMARY OF THE RCS FLOW MEASUREMENT
'

PROBLEM AT McGUIRE AND CATAWBA

11. OVERVIEW OF Tile PROPOSED METHOD OF USING
THE ELBOW TAP FLOW INSTRUMENTATION FOR>

THE TECH SPEC FLOW SURVEILLANCE

Ill. DISCUSSION OF THE ERROR ASSOCI ATED WITH
TIIE ELBOW TAP FLOW MEASUREMENT

IV. DISCUSSION OF THE PROPOSED TECH SPEC
REVISIONS REQUIRED TO IMPLEMENT TIIE USE OF
Tile ELBOW TAP INSTRUMENTATION'

V. RESPONSES TO THE .NRC QUESTIONS RECEIVED

VI. ADDITIONAL. DISCUSSION AND SUMMARY

l
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1. SUMM ARY OF TIIE RCS FLOW MEASUREMENT
PROllLEM AT McGUIRE AND CATAWilA

* THE RCS FLOW 7 ECll SPEC SURVEILLANCE AT McGUIRE
WAS ORIGINALLY PERFORMED BY USING THE COLD LEG
ELBOW TAP INDICATION OF FLOW. THIS INDICATION IS
USED BY THE RPS TO TRIP THE REACTOR DURING FLOW
REDUCTION EVENTS.

THE FLOW SURVEILLANCE METIIOD WAS CHANGED TO*

A CALORIMETRIC BASED METHOD IN ORDER TO OBTAIN
BETTER ACCUR ACY. THIS METHOD WAS ALSO IN THE
ORIGINAL CATAWBA TECH SPECS.

OVER THE YEARS, THE CALORIMETRIC BASED METHOD*

OF FLOW SURVEILLANCE HAS RESULTED IN A
DECREASING INDICATED FLOW TREND THAT IS NOT
CONSISTENT WITH THE CHANGES IN THE SYSTEM
HYDRAULICS OR OTHER INDICATIONS OF FLOW.

CONSEQUENTLY, THE TECH SPEC FLOW REQUIREMENT*

HAS BEEN LOWERED TO ACCOMODATE THE INDICATED
FLOW REDUCTION

THE CONTINUATION OF THIS TREND HAS RESULTED IN*

AN UNACCEPTABLE PENALTY AND AN INABILITY TO
PREDICT A PARAMETER THATIS ESSENTIAL FOR
OPERATION AND SAFETY.

,
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THE CALORIMETRIC FLOW MEASUREMENT METIIOD

A SECONDARY HEAT BALANCE CALCULATION IS USED.

TO ESTABLISH THE THERMAL POWER LEVEL

THE TEMPERATURE RISE ACROSS THE REACTOR VESSEL*

AS INDICATED BY THE RTDs IN THE HOT AND COLD
LEGS IS MEASURED (LOOP AT)

THE PRIM ARY COOLANT FLOW RATE IS DETERMINED BY*

DIVIDING THE THERMAL POWER BY THE ENTHALPY
RISE ACROSS THE REACTOR VESSEL

A SET OF ELBOW TAP COEFFICIENTS ARE DETERMINED*

EACH CYCLE TO NORM ALIZE THE ELBOW TAP AP BASED
FLOW TO THE CALORIMETRIC FLOW.

SMALL CHANGES IN LOOP AT TRANSLATE INTO LARGE*

CHANGES IN RCS FLOW

INCREASES IN LOOP AT HAVE OCCURRED TO DIFFERINGe

EXTENTS IN THE FOUR McGUIRE AND CATAWBA UNITS |

|
|
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CAUSES FOR CHANGES IN INDICATED RCS FLOW

REAL FLOW CH ANGESe

- STEAM GENERATOR TUBE PLUGGING
- FUEL DESIGN CHANGES
- CORE BAFFLE UPFLOW MODIFICATION
- REACTOR COOLANT PUMP PERFORMANCE
- TYPICALLY EXPECTED AND PREDICTABLE

INDICATED FLOW CHANGES*

- REAL FLOW CHANGES
-INSTRUMENTATION PROBLEMS

HOT LEG STREAMINGe

- OBSERVED IN MANY WESTINGHOUSE PLANTS
- CAUSED .BY INCOMPLETE MIXING IN REACTOR
VESSEL UPPER INTERNALS

- OBSERVED TO DIFFERING EXTENTS IN THE FOUR
McGUIRE AND CATAWBA UNITS

- STEP CHANGES POSSIBLE DURING REFUELING
- GRADUAL CHANGES DURING THE FUEL CYCLE
- HAS BEEN INCREASING IN RECENT FUEL CYCLES
- UNPREDICTABLE

.
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Hot I.eg Streaming Phenomenon
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. Hot' Leg Pipe and RTD Orientation
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Catawba Unit lHot Leg Temperatures Measured During
RCS Flow Colorimetric, Loop A

'

624 T

* ,
622 -

620 -m
*

-
= -

N 616 "
a
5
$ 616 -
.3
ti

614 1 _ gy
,

0 RTD A2

612+|
A RTD A3

' '

610 .

Oct-89 May-90 Nov-90 Jun-91 Dec-91 Jul-92 Jan-93 Aug-93 Mar-94'

Date

i

_ _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - - - - - . - _ _ _ - . - _ - . - _ _ - _ _ -



.

A

Catawba Unit 1 Hot Leg Temperatures Measured During
-

RCS Flow Colorimetric, Loop B
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Catawba Unit 1 Hot Leg Temperatures Measured During
RCS Flow Colorimetric, Loop C
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Catawba Unit lHot Leg Temperatures Measured During
RCS Flow Calorimetric, Loop D
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Catawba Unit 2 Hot Leg Temperatures Measured During ,

RCS Flow Colorimetric, Loop A
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Catawba Unit 2 Hot Leg Temperatures Measured During '.

RCS Flow Colorimetric, Loop B
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Catawba Unit 2 Hot Leg Temperatures Measured During
RCS Flow Colorimetric, Loop C
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Catawba Unit 2 Hot Leg Temperatures Measured During
~

RCS Flow Colorimetric, Loop D
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McGuire Unit 1 RCS Flow History Comparison
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McGuire Unit 2 Measured Delta Temperature
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McGuire Unit 2 RCS Flow History Comparison ,
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Catawba Unit 1 RCS Flow History Comparison
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Catawba Unit 2 RCS Flow History Comparison
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II. OVERVIEW OF Tile PROPOSED METIIOD OF USING
TIIE ELilOW TAP F1,0W INSTRUMENTATION

FOR Tile TECll SPEC FLOW SURVEILLANCE

EACH COLD LEG l-IAS TilREE ELBOW TAPS AND*

ASSOCIATED INSTRUMENTATION THAT ARE USED IN
THE RPS TO TRIP TIIE REACTOR ON LOW FLOW

THE TREND OF THE ELBOW TAP DATA IS CONSISTENTe

WITH THE EXPECTED CHANGES IN RCS FLOW THAT
OCCUR DUE TO SG TUBE PLUGGING AND FUEL DESIGN
CHANGES.

A HYDRAULIC MODEL OF THE RCS HAS BEEN*

DEVELOPED WHICH SERVES AS AN ANALYTICAL
CONFIRMATION OF THE RCS FLOW CHANGE AS
INDICATED BY THE ELBOW TAP DATA

THE ELBOW TAPS REQ.UIRE CALIBRATION TO SOME*

BASELINE FLOW VALUE. HOWEVER,THE ELBOW TAP
COEFFICIENTIS A PHYSICAL PARAMETER WHICH DOES
NOT CHANGE.

A ONE-TIME CALIBR ATION OF THE ELBOW TAPS WILL BE*

PERFORMED BASED ON AN AVERAGE OF ALL OFTHE
VALID CALIBRATION DATA THAT IS AVAILABLE.

TIIIS SET OF El BOW TAP COEFFICIENTS WILL BE USED*

FOR THE FLOW SURVElLLANCE AS LONG AS THE FLOW
MEASUREMENT PROCESS REMAINS UNCHANGED.

-
-
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MNS2 Loop A Elbow Top Delta P
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MNS-2 Flow Comparison Between Analy cal Flowti

Prediction, Proposed Elbow Tap Method 'And Colorimetric
Flow
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MNS-1 Flow Comparison Between Analytical Flow
Prediction, Proposed. Elbow Tap Method And Colorimetric

Flow
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CNS .1 Flow Comparison Between Analytical Flow Prediction,
Proposed Elbow Tap Method And Calorimetric Flow
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Flow
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OllSERVATIONS AND RESULTS

TIIE ELBOW TAP DATA TREND WELL WITH THE*

ANALYTICAL MODEL, TIIUS CONFIRMING THAT THE
CALORIMETRIC BASED FLOW IS ERRONEOUS, AND
CONSERVATIVELY LOWER Til AN REALITY.

TIIE UNPREDICTABILITY OF THE FLOW CHANGES*

RESULTING FROM THE CALORIMETRIC METHOD CAN BE
AVOIDED WITH THE ELBOW TAP METHOD.

THE METHOD OF AVERAGING PAST CALORIMETRIC*

DATA IN ORDER TO ESTABLISII A BASELINE FOR THE.
ELBOW TAP COEFFICIENTS IS CONSERVATIVE.

ALTHOUGli Tile TREND FOR THE CURRENT METHOD*

IIAS BEEN TO UNDERPREDICT FLOW, THE POSSIBILITY
OF OVERPREDICTING FLOW WILL BE ELIMINATED.

THE ANALYTICAL MODEL WILL ENABLE PREDICTING*

RCS FLOW CilANGES AND WILL AVOID UNNECESSARY
LICENSING AND OPERATIONAL PROBLEMS.

..

33-
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CURRENT McGUIRE/CATAWllA RCS FLOW SITUATION

TECll SPEC CURRENT PROPOSED

UNIT FLOW FLOW METHOD FLOW METHOD

MNS-1 385,000 * 393,330 394,271

MNS-2 385,000 * 386,027 389,422

CNS-1 382,000 379,285 389,533

CNS-2 385,000 390,040 392,389

* - REDUCTION TO 382,000 IN PROGRESS

.
-
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III. DISCUSSION OF THE ERROR ASSOCIATED WITil RCS
FLOW MEASUREMENT j

!

TWO SPECIFIC UNCERTAINTIES ARE CALCULATED FOR Tile.

PROPOSED TECilNICAL SPECIFICATION CHANGE:
- LOW REACTOR COOLANT FLOW REACTOR TRIP
- TS 4.5.2.1 AND 4.5.2.3 FLOW MEASUREMENT

Tile UNCERTAINTY METHODOLOGY FOR TIIE TRIP FLOW.

MEASUREMENT IS IDENTICAL TO THAT SUBMITTED DURING
THE INITIAL LICENSING OF EACH STATION (LETTERS FROM
DUKE TO NRC DATED 10-8-81 AND 7-30-84)

Tile UNCERTAINTY METHODOLOGY FOR THE SURVEILLANCE.

FLOW MEASUREMENT IS IDENTICAL TO TH AT SUBMITTED
DURING THE INITIAL LICENSING OF EACH STATION (LETTER
FROM DUKE TO NRC DATED 11-23-82 AND CATAWBA FSAR
QUESTION 492.7)

THE TWO METHODOLOGIES ARE VERY SIMILAR, AND EACH.

DIVIDES THE MEASUREMENT HARDWARE STRING INTO
SENSOR (MEASURING DEVICE) AND RACK (EVERYTHI.NG
EIME)

FOR BOTH THE SENSOR AND RACK PORTIONS,.

.
UNCERTAINTIES DUE TO CALIBRATION, DRIFT, AND
TEMPERATURE EFFECTS ARE CONSIDERED

FOR THE RACK THE UNCERTAINTY IN SETTING A BISTABLE.

SETPOINT IS ALSO CONSIDERED

I OR THE SENSOR, UNCERTAINTIES FOR TRANSMITTER.

PRESSURE EFFECTS, PRIMARY ELEMENT (IN THIS CASE THE
ELBOW TAP) ACCURACY, AND PROCESS MEASUREMENT
ACCURACY ARE CONSIDERED

.
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SUMMARY OF TRIP
FLOW MEASUREMENT UNCERTAINTY CALCULATION

FOR Tile FOLLOWING PARAMETliRS,THE VALUES ARE.

IDENTICAL TO TIIOSE USED IN THE LATEST CALCULATIONS
SUBMITTED TO TIIE NRC (SUBMEITAL JUSTIFYING REMOVAL
OF Tile RTD BYPASS MANIFOLDS):

- RACK CALIBRATION ACCURACY (RCA)
- RACK DRIFF (RD)
- RACK TEMPERATURE EFFECT (RTE)
- DENSITY EFFECTS ON AP CELL (PMA )1

- NOISE (PEA)
- SENSOR DRIFT (SD)
- DIFFERENTIAL PRESSURE TRANSMITTER BIAS

THESE PARAMETER VALUES WERE REVIEWED TO ENSURE
THAT THE VALUES FROM THE RTD BYPASS MANIFOLD
SUBMrITALS REMAINED CONSERVATIVE

FOR THE FOLLOWING PARAMETERS:-

-SENSOR CALIBRATION ACCURACY (SCA)
- SENSOR TEMPERATURE EFFECT (STE)
- SENSOR PRESSURE EFFECT (SPE)<

THE CURRENT CALCULATION ASSUMES ZERO VALUES
BECAUSE CALIBRATION TO THE CALORIMETRIC IS CREDITED.
FOR THE PROPOSED UNCERTAINTY CALCULATION,
CONSERVATIVE VALUES WERE TAKEN FROM THE
TRANSMITTER VENDOR'S DOCUMENTATION.

FOR TlIE CALORIMETRIC FLOW MI!ASUREMENT.

UNCERTAINTY (PMA ), VALUdS LARGER THAN THOSE IN THE2
RTD BYPASS MANIFOLD REMOVAL SUBMrITALS WERE USED.

.FOR TIIE RACK COMPARATOR SETTING ACCURACY (RCSA),.

VALUES LARGER THAN THOSE IN THE RTD BYPASS
'

MANIFOLD REMOVAL SUBMflTALS WERE USED TO ACCOUNT
FOR ACTUAL CALIBRATION PROCEDURE TOLERANCES. THIS
LARGER VALUE BOUNDS THE UNCERTAINTY INTRODUCED
BY ACTUAL SITE CALIBRATION METHODS.

-

_
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SUMM ARY OF SURVEILLANCE
FLOW MEASUREMENT UNCERTAINTY CAI CUI ATION

FOR Tile FOLLOWING RACK PARAMETl!RS, Tile VALUliS ARii*

IDENTICAL TO TlIOSE USING IN Tile LATEST CALCULATIONS
SUBMrITED TO Tile NRC (SUBMrlTAL JUSTIFYING REMOVAL
OF Tile RTD BYPASS MANIFOLDS):

- RACK CALIBRATION ACCURACY (RCA)
- R ACK DRIFF (RD)
- RACK TEMPERATURE EFFECT (RTE)
- COMPUTER ISOLATOR DRIFT (ID)
- ALLOWANCE FOR NOISY SIGNAL (RDOT)
- ANALOG-TO-DIGITAL CONVERSION ACCURACY (A/D)
- DENSITY EFFECTS ON AP CELL (PMA )1

- NOISE (PEA)
- SENSOR DRIFF (SD)
- DIFFERENTI AL PRESSURE TRA.NSMFITER BIAS

THESE PARAMETER VALUES WERE REVIEWED TO ENSURE
TilAT TIIE VALUES FROM THE RTD BYPASS MANIFOLD
SUBMFITALS REM AINED CONSERVATIVE

FOR Tile FOLLOWING PARAMETERS:.

SENSOR CAllBRATION ACCURACY (SCA)
SENSOR TEMPER ATURE EFFECT (STE)
SENSOR PRESSURE EFFECT (SPE)

Tile CURRENT CALCULATION ASSUNiES ZERO VALUES
BECAUSE CALIBRATION TO THE CALORIMETRIC IS CREDITED.
FOR THE PROPOSED UNCERTAINTY CALCULATION,
CONSERVATIVE VALUES WERE TAKEN FROM Tile
TRANSMrITER VENDOR'S DOCUMENTATION.

FOR THE CALORIMETRIC FLOW MEASUREMENT.

UNCERTAINTY (PM A ), VALUES LARGER THAN THOSE IN THE2
RTD BYPASS MANIFOLD REMOVAL SUBMrITALS WERE USED.

1

|
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SUMM ARY OF UNCERTAINTY CALCUI,ATIONS

THE METHODOLOGY USED IS IDENTICAL TO THAT APPROVED*

DURING ORIGINAL LICENSING

MOST OF THE VALUES USED ARE IDENTICAL TO THOSEo

APPROVED IN THE 1987 RTD BYPASS MANIFO'LD REMOVAL
SUBMITTAL

ALL VALUES HAVE BEEN REVIEWED TO ENSURE*

CONSERVATISM

L
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dUNIT 1 ONLY

TABLE 2.2-1
>
E . REACTOR TRIP SYSTEM INSTRUMENTATION TRIP SEIPOINTS

E *

FUNCTIONAL UNIT TRIP SETPOINT ALLOWABLE VALUE*

1. Manual Reactor Trip H.A. N.A. _

%*
2. Power Range, Neutron Flux | |-

.

a. High Setpoint s109% of RTP* 5110.9% of RTP*
1

b .' Low Setpoint 525% of RTP* 527.1% of RTP* p
C>

3. Pcwer Range, Neutron Flux, 55% of RTP* with a 56.3% of RTP* with 4
High Positive Rate time constant a time constant O

2 2 seconds 2 2 seconds g

4. Intermediate Range, Neutron flux 525% of RTP* 531% of RTP" @

5

.s. 5. Scurce Range, Neutron Flux s10' cps 51.4 x 10 cps

6. Overtemperature AT See Hote i See Note 2 ._

7. Overscwer AT See Note 3 See Note 4 l/)'

8. Pressurizer Pressure-Low 21945 psig 21938 psig***

9. Pressurizer Pressure-High 52385 psig s2399 psig
M

F 10. Pressurizer Water Level-High 592% of instrucent span 593.8% of instrucent pan (
9| M.'I 'd <-

-0 ..

2%% of loop minimum 2083% of loop minicum gi 11. Reactor Coolant flow-Low '

ceasured flow ** ceasured flow ** "
2
r- e Cf

f 2'
.

*RTP - RATED THERMAL POWER g
.

|u

.

** Loop =inimum ceasured flow - 95,500 gpc
-.

;
*** Time constants utilized in the lead-lag controller for Pressurizer Pressure-Low are 2 seconds for lead

and I second for lag. Channel calibration shall ensure that these time constants are adjusted to these
* values.~

a
______..______ _____ _ _ _ ___
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,

2. Within 24 hours of initially being within the region of archibited
cleration specified on Figure 3.2-1, verify that the comaination of
T lEletAL POWER and Reactor Coolant System total flow rate are
restored to withiri the regions of restricted or permissible
operation, or reduce THERMAL POWER to less than 5% of RATED TiiElelAL
POWER within the next 2 hours.

SURVEII.LAtlCE REQUIREMEllTS

4.2.5.1 Each of the parameters of Table 3.2-1 shall be verified to be dithin~

their limits at least once per 12 hours.

4.2.5.2 The Reactor Coolant System total flow rate indicators shall be sub-
jected to a CilANNEL CALIBRATION at least once per 18 months. The measurement
instrumentation shall be calibrated within 7 days prior to the performance of
the eleimetMe flow measurement.

4.2.5.3 The Reactor Coolant System total flow rate shall be determined by
proc 4ston-heat-bahncemeasurement at least once per 18 months. (

,

,
.

.

*t

. .
.

CATAWBA - UtitTS 1 & 2 3/4 2-14 Amendment flo.1 [(Unit 1) |
Amendment (10. ) (Unit 2)
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ENCLOSURE 3 |

l.
,

CNS i ,

l

hmi t H = 1.5b L1 + 0.3 (1-P)] !
I

where P is the f raction of | rated full power.
|

Themaximumcalculatedvalueoftheoperatingnuclearenthalphrise
f actor as a function of power level, incitiding uncertainty allowance, l

does not exceed the design limit at'any power level.
|

The .3 multiplier has previously been approved for the Reference Code
Reportforthe17x17OptimizedFuelAssemdly(WCAP9500h In addition,
justificaticn for the coefficient change to 0.3 was previously pro-
vided to the NRC in NS-TMA-2323 from T. Adderson to 1 Millar dated
October 24, 1980 in which the justification is discussed in Response
#2. !

i

I

492.7 Operating experience on two pressurized water reactors, not of West-
(4.4 6) in0 house design, indicate that a significant reduction in the core

flow rate can occur over a relatively shott period of time as a re-
sult of crud deposition on the fuel rods,i In establiching thy Tech-
nical Specifications for the Catawba units, we will require provisions
to assure that the minimum flow ratec arc | consistent with the safety
analyses. Therefore, provide a description of the flow measurement
capability for the Catawba units as well as a description of the pro--

-( cedures to detect flow degradation. t

Response: |
1

There has been no case reportad to Westinghouse of significan", fl ow
reduction in a relatively short period ori time due to buildup of
crud on the fuel rods at any Westinghouse | plant. Additionally there
he>beennoreporttoWestinghouseofasjgnificantflowreduction
in a relatively short period of time for any reason (excludinh steam
generator tube plugging) of any Westinghobse plant, lherefore West-
inghouse is of the opinion that this portion of the question is not
applicable. |

t

flowmeasurementtechniqueandfrequenciepareaddressedinTpchnical
Specification 3/4.2.3 and in the following discussion of flowjmeasure-
ment tecnniques which require a monthly calorimetric flow mea' urement;s

Specification 3.2.3, RCS Flow Rate ano R,.in the' Standard Technical '

Specifications requires that total reactor flow (total flow through
the vessel from all loops) be above some ininimum value and if; above
that minimum value allows a trade off betWeen ro'd bow penaltyj and
reactor flow. The minimum flow value is thermal design flow torrected
for flow neasurement uncertainties. tiistorically the uncerta:inty
has been specified u 3.5%. Flow teasurement uncertainties m|uch
less than this can be achieved however by; using modern statistical '

error combination techniques and a calorimetric flow measurem,~ent J

'

,

i
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The accuracy claimed for this technighe deperds primarilyjmethod.

on the meaccrement procedure employed and on h6w well the instrument'
errors are understood and controlled by plant personnel. The calori-
metric flow calculation, the measurements required and the measur(ient
uncertaintyanalysisaredescribedinthefolicwingparagraphsand|
tabico. ;

Reactor coolant loop flow is determined from the cteam generator
thermal output, corrected for the loop's sharelof the net pump heat
input, and the enthalpy rise (Ah) of the coolaht. Total reactor j
flow is the sum of the individual loop flows. Table Q492.7-1 lists.

the calorimetric equations and defines the terms.
I

To establish the overall flow measurement unce!rtainty, the accuracy
and relationship to flow of each process instrbment used for the calort-
metric meosurements (see Table Q492.7-2) must be determined. Inmhst
casesthereareseveralcomponents(transducer |, converter, isolator, '

OAC loput, readout device, etc.) which contrit>ute to the overall un-
certainty of the measurement. Table Q492.7-3 brovides a list of !
typical conponents involved in the calorimetri;c loop riow nieasurement,
a corresponding conservative instrument error ' allowance and the i

effect of the instrument error allowance on th,e calculated power o!r
flow value. Theoverallloopflowmeasurementuncertaintyisthe|
statistical combination of the individual uncertainties and appear,s ,

at the bottom of Table Q492.7-3. Total reactor flow measurement ' n-J
! fcertainty is the statistical combination of tije individual -loop t Iow

uncertaintiesandalsoappearsatthebottomqfTableQ492.7-3. i

i

In summary, individual loop flow is determined by performance of a
calorimetric and these values summed to arrived at total reactor flow.
The measurement uncertainty is determined by statistically combining
individual component and loop oncertainties. |Acalorimetricflow!
measurement must be performed to take credit for this particular |

measurement uncertainty. !
,

! |

|
: ! |
! l

II ;
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Table Q492.7-1

REACTOR COOLANT t00P FLOW CALCULA110N
,

Q

hUTQsa ~ O EN+

|
y . p c

[h -blg c ;

;
,

Loop f. low (gpm) !where: W, =

Qgg Steam generator thermal output (Btu /hr.)=

Primary system net heat losses ( tu/hr.)Q =
t

N Number of loops i i
=

! !

Q Reactor coolant pump heat adder ;(Btu /hr.) !
=

P ,

i
Hot leg enthalpy (8tu/lb.)h = '

'

g

h
CY Cold leg enthalpy (Btu /lb.)

,

t

V cold leg specific volume (cu. f t./lb. )=

c
s. i !

I

'Qg=(h h)W :3 f p

| '

Steam enthalpy (8tu/lb.) | !where: h =
s

Feedwater enthalpy'(Btu /lb.)h =
p ,

'
;

p Feedwater flow (lb./br.)W =
; j

!
,

K F, M P APW =
p p

where: K = Feedwater venturi flaw coeffici nt

F, Feedwater vneturi correction for thermal expansion=

P =
p Feedwater density (ibl/cu. ft.)'

AP
.

Feedwater venturi pressure drop:(inches H 0)=
-

,

'
.

,

490-9 Rev. 3
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Table Q492.7-2' : ,

1

MEASUREMENTS REQUIRE 0- |

|

!

.}
Parameter Instrument function

!
1. feedwater venturi Rudemount aP guage feedwater flow '

pressure differential and compatible readout i
\

2. Feedwater temperature Continuous lead |feedwaterenthalpyand
thermocouple ,densi ty

-
t

[venturithermalexpansion
f :

3. Steam pressure Iransducer and . steam enthalpy
~

process computer ;

readout :

|
4. Reactor coolant I Narrow range RTD and RCS hot leg enthalpyhot

data acquisition system 1
or DVM readout |

S. Reactor coolant T Narrow range RTO and ,RCS cold leg enthalpyC ld data acquisition system .RCS specific volume
or DVM readout

(
6. Reactor coolant Transducer and process RCS enthalpy and

pressure computer readout !spacificvolume
i
,

i
'

l

Other informdtion required for the calculation is as follows:

Feedwaterventuricoefficientfromvendorcalibratjon.9

| 8, Primary system heat loscos and pump heat input obtained from calculations.
I

1

|

!
!

!

I
e
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Table Q492.7-3 (Page 1)..

t

CALCRIMETRIC FLOW-NEASUREMENT UNCERTAINTIES

!

Uncertainty.

Instrument % Power or
Component _ Erro r % Flow

i

Secondary Power
| j

Feedwater Flow !

Venturi X t 0.25% K t 0j25%
Thermal Expansion coefficient |Temperature i 2.0*F

,

Naterial i S. 0% i 0.|06%
Density | |

Tomparaturo * 2. 0*F ! t 0,'09%
Pressure i 60 psii !

OP Cell Calibration * 0.25% of RDG i Oi13%
OP Cell Precision Error 1 0.50%-i 1 0)25%

Tempering Aux, Feedwater Flow Error t 5.0% x!0.011% A i0.06%
Blowdown Flow Error i 10% x 0.017%/% to.17%

! i
,

Feedwater Enthalpy |
l

Temperature 2 2.0*F ; iO!28%
Pressure 1 60 psi

,

i

Steam Enthalpy ! |

Pressure 1 40 psii iOh15%
Moisture Carryover 0.25% i 0'22%.

( Total Secondary Thermal Power Uncertainty 41[dTE | t 0.58%
i

Primary Enthalpy '
;

T RTO 1 1. 24 | 12h 24g
! !

T Data Acquidillon System 2 0. 5*F > + 0,95%y
oF equivalent DMM

|
i

2 0.1*F |T Readout 2 0.19%H
i

T Temperature Streaming 1 1. 2*F ' t 2.27%g

T Pressure Effect : 30 psi 0.24%H

| T RTO t 1.2*F! 1.87%C
|

-T Data Acquisition System 1 0.5*F 0.79%c
or equivalent UMN '

i

1 0.1*F ) 1 0.16%f T Precision Error
C

l
T Pressure Effect i30 psi 1 0.06%C

Net Pump Heat Addition i 20% 0.085%

( To,tal Loop Flow Uncertainty VI(e)2 3.98%

Total Reactor Flow Uncertainty 4-loop t 1.99%

?90-11 Rev. 14
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Toble Q492.7-3 (Pege 2) f
\

ASSUMPTIONS

The values on page 1 are based on some specific assumptions about the
instruments and readouts.

| 1. Feedwater flow is obtained from several readings of Rosemount differ-
ential pressure gauges installed on the feewater venturi.

} 2. Creditwastakenforthe3tapscoopRTDbypasdloopinreducing
;

uncertainties due to streaming.

I

i

!

.

(
f

i

I
,

i
1

1

1

1

i
i

.,
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*
COMMENTS ON PROPOSED TS CHANGE FOR CATAWBA AND MCGUIRE UNITS 1&2 FOR RCS FLOW-
RATE MEASUREMENT - (TS 4.2.5.3)

1.0 References

1. Letter from M. S. Tuckman, Duke Power Company (DPC), to USNRC, dated
January. 10, 1994.

2. Amendment Nos. 34/25, Technical Specification Change for Figure 3.2-3, RCS
Flow vs R for Catawba Units 1 and 2", dated November 24, 1987.

3. Amendment Nos. 40/33, Replacement of RTD Bypass Manifold System with In
Line RTDs, February 18, 1987.

4. Amendment Nos. 113/107, Technical Specification Changes for Duke Power
Company Catawba and McGuire Nuclear Stations, Units 1 and 2 to Reduce
Required Minimum Measured Reactor Coolant System Flow, dated December 17,
1993.

5. Amendment Nos. 107/101, Technical Specification Changes for Catawba
Nuclear Station for Unit 2, Cycle 6, dated March 23, 1993.

Note: The McGuire plant has similar references to those for the Catawba
plants listed above. They are not listed as they seem to be
identical to the Catawba plant changes which usually occurred first.

6. Fluid Meters. Their Theory aD_d Aqplication, Report of ASME Research
Committee on Fluid Meters, Fifth Edition, 1959.

7. Fundamentals of Temperature. Pressure. and Flow Measurements, Robert P.
Benedict, John Wiley and Sons, Inc.

2.0 Backaround

As stated in reference 1, the Duke Power Company (DPC), proposed TS changes
related to the method of measuring the reactor coolant system (RCS) flow rate (TS
4.2.5.3) during the 18-month surveillance. DPC states that the current method,
calorimetric heat balance, has a large uncertainty due to hot leg temperature
streaming. It is proposed to replace this method with a method using the elbow
taps.

As a background to the RCS flow rate situation the following references
pertaining to the Catawba plant are listed:

Reference 2 presented information regarding trade-off between RCS flow and power
to allow continued operation when less than the TS flow value would be indicated
by the plant. This would allow operation with flow reduced by up to 5% from TDF
at reduced power levels (a corresponding maximum limit on power of 90% RTP). The
power to flow relationship used is a 2.0% power reduction for each 1.0% RCS flow
below TDF.



.

.

.

* Reference 3 was related to the RTD bypass system removal and the flow measurement
uncertainty was analyzed as'1.8% although the existing value of 2.2% was kept.
Both values include a 0.1% penalty for feed water venturi fouling,

Reference 4 was based on re-analyses to support a reduced minimum measured RCS
flow rate which was needed because of increased steam generator tube plugging.

Reference 5 concerned the use of B&W Mark-BW fuel.

References 6 and 7 refer to flow meters.

It is understood that the new proposed method for RCS flow measurement differs
from previous calculations b .ause the normalization of the cold leg elbow taps
is to a previously performed RCS flow calorimetric measurement which requires the
inclusion of additional uncertainties in the determination of the indicated RCS
flow uncertainty. This new method using a previously normalized elbow tap
reading replaces the method where a current RCS flow calorimetric heat balance
normalization is used.

3.0 questions

A. Questions Relatina to the Use of Elbow Taos for Flow Measurement:

Much basic research has been performed for flow nozzles and orifices such that
nozzle discharge coefficients can be approximated by methods in part on boundary
layer theory and in part on the experimental characteristics of ASME flow nozzles
(References 6 and 7). For large venturi tubes, such as used on the secondary
side feedwater piping for the precision heat balance, the venturi discharge
coefficient is determined by calibration in a laboratory as recommended by the
ASME (Reference 6).

For pipe elbow tap meters the flow rate is determined from pipe taps on the pipe
elbows. The holes from the pipe taps can be connected to two separate gages or
connected to a differential gage to determine the pressure drop. However, "the
relation between this difference of pressure and the rate of flow has to be
determined experimentally" (Reference 6). Normally this calibration is carried
out over a range of flows so that the calibration curves cover the range of flows
that the flow meter will be used for.

DPC has stated (Ref. 1) that "In the proposed method, the existing historical
calorimetric data is used to establish a calibration of the elbow taps, and then
the future flow surveillance is performed by using the elbow tap flow
indications."

1. To get a better understanding on the use of past data, information is
needed on the history of the elbow tap delta-P readings from the past
reloads for the Catawba and McGuire plants. This should include the flow
rates obtained from past calorimetric heat balances, the flow measurement
uncertainty (FMU) used, and the corresponding elbow tap delta-P values.
The dates of each calorimetric heat balance should be provided and any
special additional historical information such as what the steam generator
tube plugging situation was (percent tubes plugged affect on resistance),
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the type of fuel (affect of fuel resistance changes), amount of hot leg
streaming, and knowledge 'of RCS pump flow degradation. It is realized
that the elbow tap readings are normalized and assigned a zero reference
value, but a delta-P reading must have been initially recorded.

2. It is not clear how DPC plans to use the previous calorimetric data. Is
DPC going to use a particular calorimetric from a past cycle? The flow
calorimetric for a given cycle provides a single point calibration and
therefore for any other flow rate the elbow tap pressure drop value would
have to be interpreted by extrapolating the_ curve by a theoretical
relationship of pressure drop to flow rate. If the curve is extrapolated
how is this uncertainty accounted for? In this approach, would DPC pick
a particular previous a calorimetric heat balance in which the hot leg
streaming was not extreme as the reference? If this approach is used,
provide information on the reference precision heat balance that DPC plans
to use.

If not using a particular calorimetric from a past cycle, is DPC planning
to use the previous data to develop a curve over a small range of elbow
tap pressure drop readings versus flow? It would appear that this method
would not necessarily provide test data from a consistent RCS " test rig"
as there have been changes in the RCS flow loop with time. These changes
include; flow changes from resistance changes (steam generator. tube
plugging (Ref. 4), various fuels with different geometries and resistances
(Ref. 5)), effects of various oegrees of hot leg streaming, and flow
changes from continuous pump wear. Also, since the RCS pump is a constant
speed pump, it is not possible to get data over a wide range of flow
rates. It would appear that the best data for which the a elbow tap meter
calibration could be based on would be from data which closely resembles
the current configuration. Please provide more background information and
provide the analysis for the flow measurement uncertainty if this approach
is being used.

3. If DPC is going to develop a curve using historic data taken over a range
of flows, does the range of the data- (as requested in the question 1
above) cover the anticipated range over which the plant will operate
under? If not, how does DPC interpret the pressure drop value for values
for which there is no corresponding flow value from a previous
calorimetric heat balance? Is an expanded curve derived from theoretical
relationships?

B. Questip.ns from Attachment la of Reference 1:

1. DPC states in the TS for Catawba, Figure 3.2-1, " Reactor Coolant System
Total Flow Rate Versus Rated Thermal Power - Four Loops in Operation,"
that "A penalty of 0.1% for undetected feedwater venturi fouling and a
measurement uncertainty of 1.9% are included in this figure." Is this
flow measurement uncertainty of 1.9% (2.0% with the fouling penalty) what
DPC plans to assign to the elbow tap meter reading? Please submit the
flow measurement uncertainty (FMU) analysis that supports the FMU value.
An FMU is required when there are changes made that effect the method of

;
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measuring RCS flow (Ref. 3).

2. DPC has changed some of the values in the TS for Catawba, Table 2.2-1,
" Reactor Trip System Instrumentation Trip Setpoints." For Functional Unit
11, Reactor Coolant Flow-Low, the new value for the " Trip Setpoint" is
equal to or greater than 91% of loop minimum measured flow and the new
value for the " Allowable Value" is equal to or greater than 89.7% of loop
minimum measured flow. Please provide the analysis for arriving at these
values.

C. Questions from Attachment II of Reference 1:

1. In the sections entitled " Background" and " Justification and Safety
Analysis," DPC states that the elbow taps were originally used for the
Technical Specification (TS) flow surveillance at McGuire and other
Westinghouse plants, but a change to the calorimetric based flow method
was adopted with the intent of benefiting from supposed better accuracy.
In regards to this please provide additional information as follows:

(a) How were the elbow taps originally used to measure flow for TS
surveillance without the current method of calibration using the
precision heat balance? You have mentioned that the elbow tap
coefficient, or K value, is needed for determining the flow rate
from the elbow- tap delta-P indications. The K value is usually
obtained from a test calibration. How was this K value obtained?-

The K value usually varies with flow rate. What uncertainty was
associated with the K value?

(b) When this original elbow tap method was used what was the value of
the flow measurement uncertainty used to convert the measured value
of flow to the actual value of flow?

2. In DPC's section on " Elbow Tap Flow Measurement Repeatability" DPC has
several sub-headings for which we have questions as follows:

(a) In the sub-section on " Venturi Fouling" DPC states that there is no
large change in cross section to produce velocity increase to affect
the elbow flow measurement. For orifices and nozzles, Reference 6
indicates that as the area ratio increases from small values the
percent of maximum differential pressure differential decreases from
large values (approaching 100%) to small values (approaching 0%).
This indicates that for orifices and nozzles with relatively large
area ratios the pressure drop is small and therefore the reading is
less accurate (changes in flow do not register a large value to read
and therefore cannot be read as accurately)."

For the elbow tap method of measurement the delta-P for the
specified flow depends on the parameters of the radius of curvature
of the elbow and the diameter of the flow channel through the elbow.
It would appear that relatively large pipes area would reduce the
sensitivity to small changes in flow. A relatively large' pipe
radius' would also appear to have low sensitivity to small flow
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changes. A large flow area and large. pipe radius could ~ affect-the
ability to sense the small changes in flow (less than 1%) for which
there is a concern. Please comment on the sensitivity.of the elbow,

tap meter . measurement for the Catawba - plant in regards to its
ability to sense small changes in flow rate accurately.

DPC mentions that fouling is not a concern since there is not a
large velocity increase as in a ventH wh- J e flow approaches the
throat. What. is the effect of poc bN n A 9.g at.the elbow tap
juncture of the relatively small tuu..c % dw pressure taps from
which the pressure is sensed?

(b) In the section on " Upstream Velocity Distribution Effects" DPC
discusses the skewed inlet flow from the upstream 40' elbow on.the
steam generator (SG) outlet nozzle, and the skewed flow to the SG
outlet nozzle due to its off-center location relative to the. tube
sheet. However, DPC stated that these geometric effects remain
constant through a fuel cycle, so the elbow meter delta-P would not

H change.

DPC also stated that the velocity distribution in the SG from
plugged tubes would not have a significant effect on the velocity
distribution through the elbow tap even if the tube plugging was
asymmetrically distributed as there is a SG plenum where the
velocity is small (6 fps) compared to the downstream cold leg pipe
velocity. -

.

Even though the velocity distribution effects from plugging in the
SG may not effect the elbow taps readings, another concern is the
effect of resistance. changes in the RCS from SG tube plugging over.
time as stated in Section 2.

(c) In the section on " Flow Measurement Comparisons" DPC discusses the
flow measurement comparisons conducted at Prairie Island Unit . 2-

which has the Leading Edge Flow Meter (LEFM) installed. DPC states
that this test confirmed the repeatability of elbow tap meters.
However, obtaining an accurate flow reading is not only be due to
repeatability but also on a accurate calibration of the elbow tap
meter over a range of flow rates.

For the~ elbow tap meter to be used as a primary flow rate device in
the manner DPC is proposing, it has to have an' independent~

calibration over a range of flows and has to evaluated to obtain.its'

flow measurement uncertainty. Has this been accomplished?

A previous TS change (Ref. 2) was issued to provide relief-in the
event that a condition of reduced RCS flow was found.- This was an
amendment to allow for a small reduction in power in case the RCS
flow went below the TS 100% power value. For some plants, when the
RCS system flow rate falls below.the TS 100% power value the power
has to'be reduced to at least 50%. However, for Catawba this has

'
i

been changed previously to allow for a '2% reduction in power for
each 1% reduction in RCS flow rate below the limit to a maximum of
5% RCS flow rate reduction.

, . . . . .-
.
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Since the hot leg streaming effect results in a overly conservative
RCS flow, OPC indicates it will have difficulty in meeting- the TS
requirements since margin to the TS minimun measured flow rate is
small. Does DPC have conservatism in the flow measurement margins
for which . credit can taken? Is there a way to improve the
instrumentation to get a more accurate hot leg temperature? Or can
a method that measures the primary side flow rate without the input
of hot leg streaming be used? The Comanche Peak plant uses such a
method by means of a N-16 transit time flow meter on the primary
side. It is important for the RCS flow rate to have high accuracy
as RCS flow is a parameter in the calculation for DNBR. The DNBR is
based on the accuracy of the RCS flow rate being such that the
required 95/95 probability / confidence level is met. Please comment
on the above.

.
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Question Related to the RCS Flow Rate Measurement Proposed for Catawba &
McQuire

1. The calorimetric heat balance instead of cold leg elbow taps for the RCS
flow rate measurement has been used for both Catawba and.McQuire since
1982. Based on the extensive use of the calorimetric heat balance, a
great uncertainty was experienced. Now, the old method of cold leg elbow
taps is proposed mainly to meet the Technical Specification & Surveillance
requirements. Please provide the following information:

Describe both methodologies including governing equations,a.

b. Explain the applications of both methodologies in terms of the RCS
flow measurement and the calibration procedures,

c. Provide a complete comparison between both methods based on the
measuring data obtained from Prairie Island, McQuire, Catawba or other
applicable plants.

d. Identify advantages and disadvantages between both methods in terms of
the accuracy and repeatability of the measurements.

.

*

I

<
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A. Questions Relating to the Use of Elbow Taps for Flow Nicasurement:
,

Much basic research has been performed for flow noules and orifices such that nonle
discharge coefficients can be approximated by methods in part on boundary layer
theory and in part on the experimental characteristics of ASME flow nozzles
(References 6 and 7). For large venturi tubes, such as used on the secondary side
feedwater piping for the precision heat balance, the venturi discharge coefficient is
determined by calibration in a laboratory as recommended by the ASME (Reference 6).

For pipe elbow tap meters the flow rate is determined from pipe taps on the pipe
elbows. The holes from the pipe taps can be connected to two separate gages or
connected to a differential gage to determine the pressure drop. Ilowever, "the relation
between this difference of pressure and the rate of flow has to be determined

. experimentally" (Reference 6). Normally this calibration is carried out over a range of
flows so that the calibration curves cover the range of flows that the flow meter will be
used for.

DPC has stated (Ref.1) that "In the proposed method, the existing historical
calorimetric data is used to establish a calibration of the elbow taps, and then the future
flow surveillance is performed by using the elbow tap flow indications."

1. To get a better understanding on the use of past data, information is needed on the
history of the elbow tap delta-P readings from the past reloads for the Catawba and
McGuire plants. This should include the flow rates obtained from past calorimetric
heat balances, the flow measurement uncertainty (FMU) used, and the
corresponding elbow tap delta-P values. The dates of each calorimetric heat
balance should be provided and any special additional historical information such
as what the steam generator tube plugging situation was (percent tubes plugged
affect on resistance), the type of fuel (affect of fuel resistance changes), amount of
hot leg, streaming, and knowledge of RCS pump flow degradation. It is realized
that the elbow tap readings are normalized and assigned a zero reference value, but
a delta-P reading must have been initially record, ed.

Response to question A1:

The requested infonnation is provided in Attachment 1. Flow rates obtained from past
calorimetrics and flow measurement uncertainties used for each are provided in Tables

1-4. These tables give the flow in gallons per minute ar determined by the precision flow
calorimetric for the periodic RCS flow surveillance perfonned each cycle. Elbow tap AP
data as detemiined for each RCS flow calorimetric. in inches of water column. is provided

in Tables 5-8. Steam generator tube plugging infonnation is provided in Tables 9-12.
The tube plugging data is in percent of steam generator tubes plugged. In addition other
significant changes to RCS flow resistance accounted for in the flow prediction model are -
given in the far right column of these tables. Ilot leg average and cold leg temperature
data gathered during the calorimetric is provided in Tables 13 - 16.

.
,
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2. It is not clear how DPC plans to use the previous calorimetric data. Is DPC going
to use a particular calorimetric from a past cycle? The flow calorimetric for a
given cycle provides a single point calibration and therefore for any other flow rate
the elbow tap pressure drop value would have to be interpreted by extrapolating
the curve by a theoretical relationship of pressure drop to flow rate. If the curve is
extrapolated how is this uncertainty accounted for? In this approach, would DPC
pick a particular previous calorimetric heat balance in which the hot leg streaming
was not extreme as the reference? If this approach is used, provide information on
the reference precision heat balance that DPC plans to use.

If not using a particular calorimetric from a past cycle,is DPC planning to use the
previous data to develop a curve over a small range of elbow tap pressure drop
readings versus flow? It would appear that this method would not necessarily
provide test data from a consistent RCS " test rig" as there have been changes in
the RCS flow loop with time. These changes include; flow changes from resistance
changes (steam generator tube plugging (Ref. 4), various fuels with different
geometries and resistances (Ref. 5)), effects of various degrees of hot leg streaming, ,

and flow changes from continuous pump wear. Also, since the RCS pump is a
constant speed pump, it is not possible to get data over a wide range of flow rates. ,

It would appear that the best data for which the a elbow tap meter calibration
could be based on would be from data which closely resembles the current
configuration. Please provide more background information and provide the
analysis for the flow measurement uncertainty if this approach is being used.

Response to question A2:

A single particular calorimetric from a past cycle is not used to produce the elix)w tap
coefficients. The valid calorimetric data from pn:vious measurements is used to
determine an averaged set of elbow tap coefficients which will' reasonably and '

conservatively represent the actual coefficient values for each elbow. Reactor coolant
flows are then calculated from these average elbow tap coefficients and elbow tap APs.
This removes the effect of temperature changes on the RCS flow. Some data was not
n alistic or accurate and was excluded from the method of determining the elbow tap
coefficients.

3. If DPC is going to develop a curve using historic data taken over a range of flows,
does the range of the data (as requested in the question 1 above) cover the
anticipated range over which the plant will operate under? If not, how does DPC
interpret the pressure drop value for values for which there is no corresponding
flow value from a previous calorimetric heat balance? Is an expanded curve
derived from theoretical relationships?

.

_ _ _ - _ _ _ _ _ _ _ _ . _ _ _ __ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _
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' Response to question A3:

An RCS flow prediction model has been developed which determines flows based on
the reactor coolant pump head curves in the region of anticipated plant operation and
calculated system head loss curves. The reactor coolant flow may be calculated by first
determining the system head loss curve for a reactor coolant loop with a given
configuration. Once the system head loss curve has been established it is compared to
the reactor coolant pump performance curve to determine the intersection of the two i

curves. The intersection of the two head curves will define the system operating point,
the poir.: where the loop head loss matches the head produced by the reactor coolant
pump. By establishing the system head losses for each loop and accounting for
changes in these system losses due to plant changes over time, i.e., steam generator
tube plugging, modifications and different fuel designs, a reasonably accurate RCS
flow may be calculated for each plant configuration. The system head losses are based
on the head losses calculated and used in the FSAR Chapter 15 accident analysis
models. This analytical model provides an independent prediction of RCS flow for
anticipated changes in the RCS head losses. For anticipated loop changes such as-
steam generator tube plugging, fuel assembly pressure drop changes and internal
modifications the flow prediction model can be used to predict a relative flow change.
This flow change is then used as a comparison with the actual flow change in the plant
as indicated by the elbow tap APs. The flows calculated by the calorimetric have been
in the range of 407,363 gpm to 379,285 gpm. The analytical model has predicted
flows which are well within these extremes for the same period. Therefore, it is
believed that the analytical model will adequately predict flow over the range of flows
expected during normal plant operation. The primary function of the elbow taps in the
existing Technical Specifications is to provide a flow indication for the Reactor
Protection System such that a reactor trip will occur at 90% loop flow. As such, the
elbow tap flow meters were designed to provide an accurate flow indication over the
range from 100% to 90 % flow.

11. Questions from Attachment la of Reference 1:

1. DPC states in the TS for Catanba, Figure 3.2-1, " Reactor Coolant System _ Total
Flow Rate Versus Rated Thermal Power - Four Imops in Operation," that " A
penalty of 0.1 % for undetected feedwater venturi fonling and a measurement
uncertainty of 1.9% are included in this figure." :is flow measurement
uncertainty of 1,9% (2.0% with the fouling penalty ) u hat DPC plans to assign to
the elbow tap meter reading? Please submit the flow measurement uncertainty
(FMU) analysis that supports the FMU value. An FMU is required when there are r

changes made that effect the method of measuring RCS flow (Ref.3).

Response to question Bl: .

See Attachment 2,"RCS Flow Uncertainty," for the RCS flow measurement
uncertainty analysis.

t
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2. DPC has changed some of the values in the TS for Catan ba.'I'able 2.2-1," Reactor
-Trip System Instrumentation Trip Setpoints.". For Functional Unit 11, Heactor
Coolant Flow-Low, the new value for the " Trip Setpoint" is equal to or greater
than 91% ofloop minimum measured flow and the new value for the " Allowable
Value" is equal to or greater than 89.7% ofloop minimum measured flow. Please
provide the analysis for arriving at these values.

Response to question B2:

See Attachment 2,"RCS Flow Uncertainty," for the RCS flow measurement
uncertainty analysis.

C. Questions from Attachment II of Reference 1:

1. In the sections entitled "llackground" and " Justification and Safety Analysis,"
DPC states that the elbow taps were originally used for the Technical Specification
(TS) flow surveillance at McGuire and other Westinghouse plants, but a change to
the calorimetric based flow method was adopted with the intent of benefiting from
supposed better accuracy. In regards to this please provide additionalinformation
as follows:

(a) Ilow were the elbow taps originally used to measure flow for TS surveillance
without the current method of calibration using the precision heat balance?
You have mentioned that the elbow tap coefficient, or K value,is needed for
determining the flow rate from the elbow tap delta-P indications. The K value
is usually obtained from a test calibration. Ilow was this K value obtained?
The K value usually varies with flow rate. What uncertainty was associated
with the K value?

Response to question Cla:

At McGuire Units 1&2 the original intended method of flow surveillance was the
elbow tap APs indications after normalization to a heat balance. The elbow taps
would initially be calibrated using a heat balance calculation to determine the !
initial flow and elbow tap K values. The elbow tap K values calculated as a |

result of this heat balance are used to normalize the plant computer readout of
flow in the control room. The elbow tap flow indications from the plant
computer would then be utilized to perform the periodic flow surveillances. The - |
cibow tap K values are coefficients which account for manufacturing tolerances !

and physical pipe dimensions and as such do not change with flow. The
uncertainty in the K values were not explictly determined but, were assumed to
be a component of the elbow tap flow indication uncertainty of 3.5% flow.

I

1
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(b) When this original elbow tap method was used what was the value of the now
measurement uncertainly used to convert the measured value of How to the
actual value of How?

Response to question Clb:

The original RCS flow measurement uncertainty value was 3.5% flow. During
preoperational testing, the flow measurement uncertainty when using the elbow
tap APs for flow surveillances was based on a somcwhat arbitrary calculation
perfomied by Westinghouse in 1978. It was estimated at the time, that the heat
balance uncertainty would be less than 2.0% flow and that the repeatability of the
cold leg elbow taps would be less than 1.5% flow. These two values were
arithmetically summed to arrive at a value of 3.5% flow. It was believed at that
time this would be conservative and yet provide a minimum measured flow
Technical Specification that the plant would have little trouble satisfying.
However, the RCS flows measured, during startup testing using a precision heat
balance calculation, were found to be below the Technical Specification
minimum measured flow limit. This prompted an effort to minimize the RCS
flow measurement uncertainty in order to gain flow margin such that the plant
would not be limited in power during commercial operation. A Technical
Specification change was then submitted (Nov. 82) which specified the method
of RCS flow surveillance to be a precision heat balance. This allowed increased -

flow margin due to the decreased uncertainty (1.7% flow + 0.1% flow for
undetected feedwater venturi fouling) associated with this method of flow
surveillance.

2. In DPC's section on " Elbow Tap Flow Measurement RepeatabilHy" DPC has
several sub-headings for which we have questions as follows:

(a) In the sub-section on " Venturi Fouling" DPC states that there is no large
change in cross section to produce velocity increase to affect the elbow flow
measurement. For orifices and nozzles, Reference 6 indicates that as the area
ratio increases from small values the percent of maximum differential pressure
differential decreases from large values (approaching 100%) to small values
(approaching 0%). This indicates that for orifices and nozzles with relatively
large area ratios the pressure drop is small and therefore the reading is less
accurate (changes in now do not register a large value to read and therefore
cannot be read as accurately).

For the cibmv tap method of measurement the delta-P for the specified now a

depends on the parameters of the radius of curvature of the elbow and the
diameter of the flow channel through the elbow. It would appear that
relatively large pipes area would reduce the sensitivity to small changes in flow.
A relatively large pipe radius would also appear to have low sensitivity to small
now changes. A large now area and large pipe radius could affect the' ability to
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sense the small changes in flow (less than 1%) for which there is a concern.
Please comnent on the sensitivity of the elbow tap meter measurement for the
Cathwha plant in regards to its ability to sense small changes in flow rate
accurately.

DPC mentions that fouling is not a concern since there is not a large velocity
increase as in a venturi when the flow approaches the throat. What is the effect
of possible fouling at the elbow tapjuncture of the relatively small tubing for
the pressure taps from which the pressure is sensed?

Response to question C2a:

Elbow meters of any dimensions are generally not a good choice for low flow
situations. However, the flow in the reactor coolant loops is large and generates
sufficient AP to sense small changes in flow. The elbow tap APs have already
shown themselves to be sensitive to small changes in flow. The elbow tap AP
flow indication is currently being used to provide the reactor trip on low RCS
loop flow.

The elbow taps will not be subject to fouling in the manner usually seen with
venturis. No flow is being passed through the elbow taps to cause fouling as is
seen in feedwater venturis. The taps merely provide a static means of
transmitting the pressure indication from the reactor coolant to the AP
transmitter. Therefore, as long as the tap opening is not obstructed completely,
the elbow tap should not be effected by fouling. An obstructed elbow tap will be
detectable by an abnormal AP reading.

(b) In the section on " Upstream Velocity Distribution Effects" DPC discusses the
skewed inlet flow from the upstream 40 elbow on the steam generator (SG)
outlet nozzle, and the skewed flow to the SG outlet nozzle due to its off-center
location relative to the tube sheet. However, DPC stated that these geometric
effects remain constant through a fuel cycle, so the elbow meter delta P would
not change. ,

DPC also stated that the velocity distribution in the SG from plugged tubes
would not have a significant effect on the velocity distribution through the
elbow tap even if the tube plugging was asymmetrically distributed as there is
a SG plenum nhere the velocity is small(6 fps) compared to the downstream
cold leg pipe velocity.

Even though the velocity distribution effects from plugging in the SG may not
effect the elbow taps readings, another concern is the effect of resistance -
changes in the RCS from SG tube plugging over time as stated in Section 2.

,

_ _ _ _ _ _ _ _
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Response to question C2b:

The effect of SG tube plugging will cause the elbow tap AP readings to change.
The SG tube plugging results in decreased flow and the elbow tap APs decrease
along with the flow decrease. Any change in real flow will be indicated by the
elbow tap AP.

(c) In the section on " Flow Measurement Comparisons" DPC discusses the flow
measurement comparisons conducted at Prairie Island Unit 2 which has the
Leading Edge Flow Meter (LEFM) installed. DPC states thet this test
confirmed the repeatability of cibow tap meters. Ilowever, obtaining an
accurate flow reading is not only due to repeatability but also on a accurate
calibration of the elbow tap meter over a range of flow rates.

For the elbow tap meter to be used as a primary flow rate device in the manner
DPC is proposing,it has to have an independent calibration over a range of
flows and has to evaluated to obtain its flow measurement uncertainty. Ilas
this been accomplished?

A previous TS change (Ilef. 2) was issued to provide relief in the event that a
condition of reduced itCS flow was found. This was an amendment to allow
for a small reduction in power in case the RCS flow went below the TS 100%
power value. For some plants, when the ItCS system flow rate falls below the
TS 100% power value the power has to be reduced to at least 50%. IIowever, .
for Catawba this has been changed previously to allow for a 2% reduction in
power for each 1% reduction in RCS flow rate below the limit to a maximum
of 5% ItCS flow rate reduction.

Since the hot leg streaming effect results in a overly conservative RCS flow,
DPC indicates it will have difficulty in meeting the TS requirements since
margin to the TS minimum measured flow rate is small. Does DPC have
conservatism in the flow measurement margins for which credit can taken? Is
there a way to improve the instrumentation to get a more accurate hot leg
temperature? Or can a method that measures the primary side flow rate
without the input of hot leg streaming he used? The Comanche Peak plant
uses such a method by means of a N-16 transit time flow meter on the primary
side. It is important for the RCS flow rate to have high accuracy as RCS flow
is a parameter in the calculation for DNilR. The DNilR is based on the
accuracy of the RCS llow rate being such that the required 95/95
probability / confidence levelis met. Please comment on the above

Response to question C2c:

Yes, the elbow meter has been independently calibrated by establishing a set of
elbow tap flow coefficients from historical data. In addition, an evaluation was
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conducted to determine the flow measurement uncertainty. See the answer to
question A2 above.

Our experience with hot leg streaming has largely resulted in a conservative
calculation of How. However, hot leg streaming effects could result in a non-
conservative calculation of flow. This makes the heat balance flow determination
method undesirable when actual flow approaches the Technical Specification RCS
minimum measured flow limit.

RCS flow margin was gained by reanalysis, but the margin gain has since been
exceeded on some of the MNS & CNS units due to hot leg streaming penalties Even
with a reduction in the Tech. Spec flow limit from 385,000 gpm to 382,000 gpm
during the last refueling, the Catawba Unit I flow measurement, using a heat
balance, msulted in a flow less than the new minimum measured Gow limit.

Few other methods of measuring hot leg temperature accurately am available without
major plant modifications and the results may not be any better than the current
method. Other methods for measuring flow have been evaluated as possible
solutions to the problem of RCS flow measurement. However, these solutions
usually require extensive phtnt modifications and investments in equipment.

An accurate measurement of flow is certainly imponant with regards to DNBR. This
Technical Specification change is intended to provide a more reliable and predictable
measurement of flow which will ensure an adequate margin of safety.

D. Question Related to the RCS Flow Rate Measurement Proposed for Catawba &
McGuire:

1. The calorimetric heat balance instead of cold leg cibow taps for the RCS flow
rate measurement has been used for both Catawba and McGuire since 1982.
Ilased on the extensive use of the calorimetric heat balance, a great uncertainty
was experienced. Now, the old method of cold leg elbow taps is proposed
mainly to meet the Technical Specification & Surveillance requirements.
Please provide the following information:

(a) Describe both methodologies including governing equations.

(b) Explain the applications of both methodologies in terms of the RCS flow
measurement and the calibration procedures.

(c) Provide a complete comparison between both methods based on the
measuring data obtained from Prairic Island, McGuire, Catawba or
other applicable plants.

(d) Identify advantages and disadvantages between both methods in terms of
the accuracy and repeatability of the measurements.
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Response to question Dla:

The calorimetric method determines flow by performing a secondary side heat
balance calculation to establish the thennal power level and measuring the e
temperature rise across the reactor vessel as indicated by the RTDs in the hot and
cold legs. The primary coolant flow rate is determined by dividing the themaal power
by the enthalpy rise across the vessel. The goveming equation for flow using this
method is:

m=Q
-.

Ali

where di is the RCS flow, Q is the secondary side power and Ah is the enthalpy rise '

across the reactor vessel.

The proposed method will use the elbow tap APs and the cold leg density to calculate

flow. Since flow is proportional to the square root of the AP as measured by the -
elbow taps, the following goveming equation is used to calculate RCS flow:

in = KJAPp

where di is the RCS flow, AP is the elbow tap AP, p is the cold leg density and K is

the elbow tap coefficent. . ,

Response to question Dib:

The heat balance is used for flow surveillance and to calculate new elbow tap
coefficients which are used to nonnalize the elbow tap based flow to the calorimetric
flow each cycle. The elbow tap thw indication is used for the low flow reactor trip
and for frequent surveillance.

The elbow tap AP method of measuring flow will be used to perfonn the flow
surveillance after the elbow taps have been calibrated using the coefficients
developed from plant data. The elbow tap flow indication will continue to be used
for the low flow reactor trip and for fn quent surveillance.

Response to question Dic:

The comparison between the calorimetric and the proposed method of flow
measurement is shown in Figures 1 - 4 of Attachment 3. Data from Prairie Island
and other phmts was not used to develop this method. ,

*
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Respcnse to question Did:

i'

Advantages and disadvantages of the calorimetric method of finw measurement
include:

1. Subject to the effects of hot leg streaming and other potential ternperat'un:
measurement effects.

2. Not repeatable.
3. Accurate absolute measurement method if temperatures are accurate.
4. Can be non<onservative and unsafe.
5. Flow is calculated, not measured.

6 Affected by the core power distribution.
. .

Advantages and disadvantages of the proposed method of flow measurement include:

1. Accurate and repeatable once calibrated.
2. Not affected by hot leg streaming phenomena.
3. Not affected by the core power distribution
4. Elbow tap APs are a direct measurement of flow.

..
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McGuire and Catawba RCS Flow Rates Obtained From Colorimetrics

Table 1 Table 2 '

MNS 1 Flow MNS 2 Flow
Colorimotric Uncertainty Colorimetric. Uncertainty-

Dato Flow,gpm % Flow Date . Flow.gpm % Flow

Jun-83 Preoperation 3.5 Mar-84 397837 1.8

Jul-83 - 401010 1.8 Jun-85 407363 1.8-

Feb-85 402722 1.8 Sep-86 392317 1.8

Sep-85 099816 1.8 Aug-87 392313 1.8

Oct-86 398524 1.8 Aug-88 391523 1.8

Dec-87 397080 1.8 Oct-89 392757 1.8 -

May-89 395699 1.8 Jan-91 385453 1.8

Aug-90 393567 1.8 Dec-91 389044 1.8

Sep-91 396539 1.8 May-92 387054 1.8

Dec-91 396537 1.8 Oct-93 386027 1.8

Jul-93 393330 1.8

Table 3 Table 4

CNS-1 Flow CNS-2 Flow'

Colorimetric Uncertainty Colorimetric Uncertainty .
,

Date Flow, gpm % Flow Date Flow, gpm % Flow -*

Mar-85 398663 2.2 Jul-86 406947 2.2

Aug-85 399194 2.2 Aug-86 402475. 2.2
,

Feb-86 - 400937 2.2 Sep-86 400477 2.2 1

Dec-86 397770 2.2 Nov-86 399917 2.2 y
!

Dec-86 398057 2.2 Mar-88 396202 2.2

Jan-88 396519 2.2 Jun-89 392927 2.2
,

Oct-89 396334 2.2 Oct 90 388268 2.2

May-90 392313 2.2 Nov 90 390583 2.2

Jun-91 392702 2.2 Jan-91 390826- 2.2'

Oct 92 388007 2.2 Dec 91 391127 2.2 )
Jan-94 379285 2.2 Jan-92 389611 2.2

Apr-93 390040 2.2
l

$
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Table 5, McGuire Unit 1 Elbow Top Delta P Data,INWC

Dato Jul-83 Feb 8s sep 8s ocl 86 Doc-87 May 89 Aug-90 sep-91 Dec-91 Jul.93

Loop A.Topi 287.1 283.7 286 2 281 4 292.5 289.8 288.1 287.8 292.9 289.3

Loop A. Top 11 2996 290.2 297.4 295.8 304.2 305.0 310.0 308.0 309.7 306.9

Loop A, Top Ill 294.6 297D 291.2 291.9 300.9 300.9 299.4 298.3 300.7 297.3

Loop B. Top I 3853 383.9 361.9 307h 382.6 378.4 374.6 374.1 375.9 372.4

Loop B. Top tl 3 78.2 376) 366.4 3723 382.0 378.1 376.4 374.8 377.0 374.7

Loop B. Tap ill 371J 3703 370.9 366.8 372.5 371.0 368.2 367.5 369.8 365.0

Loop C Top i 3632 362.4 3634 3603 363.9 364.1 356.6 356.1 358.0 355.0

Loop C Tap 11 296D 293.7 292.8 290.7 303.3 302.4 297.7 296.8 301.6 298.0

Loop C. Tap ill 293.1 306) 306 ) 310.6 332.3 330.3 326.7 326.6 327.9 327.1

Loop D Top i 309.7 309J 307.7 309.8 314.7 313.4 312.4 311.9 313.5 310.5

Loop D, Top 11 350.9 335.8 334.2 330.6 343.8 338.9 342.3 339.0 342.4 339.9

Loop D. Tap ill 323.6 322A 321) 3174 327,9 326.2 324,1 321.9 325.6 317.1

Note: Colorimetrics for Jul-83 through Oct-86 shown in Italics not included in calculation of
overaged elbow top coefficients. All transmitters replaced cousing step change in delto-Ps.

Table 6, McGuire Unit 2 Elbow Top Delta P Data, INWC

Date Mar 84 Jun-85 sep.86 Aug 87 Aug-88 oct-89 Jan 91 Dec 91 May 92 Oct 93

Loop A. Tool 324.0 328 0 323.1 322.2 322.0 318.6 316.1 316.3 318.4 318.2

Loop /,, Top 11 350.5 349.4 346.6 344.9 343.2 340.4 336.8 337.5 338.6 339.5

Loop A.Topill 335.6 3432 332.1 331.0 330,7 325.2 324.3 324.1 326.7 325.8

Loop B. Tap i 324.5 324.6 320.1 317.4 319.1 3 t 6.9 313.1 312.7 315.1 313.3

Loop B. Top li 338.0 338 2 336.4 333.8 333.9 332.4 331.0 331.2 331.8 331.7

Loop B. Top ill 337.4 3392 333.8 336.5 336.1 334.3 328.8 329.7 329.0 327.4

Loop C, Top I 337.7 329.4 332.6 324.5 323.5 321.9 329.8 129.0 330.7 33l.7

Loop C. Top || 128.0 327 # 324.4 32a 8 322.7 333.2 320.2 319.8 322.0 320.0

t oop C, Tap ill 333.0 3312 329.2 330.0 128.4 325.5 322.6 326.5 321.0 325.6

I

loop D. Tap i 314.6 316.7 312.8 309.9 311.9 309.3 314.7 316.4 313.9 311.6

Loop D, Tap il 323.9 324 1 319.2 319.1 321.2 317.5 316.5 316.5 317.9 316.6

Loop D. Top ill 322.4 328.1 319,8 316.6 321.4 320.9 309.1 309.0 318.6 313.6 j

|,

Note: Colorimetric for Jun-85 shown in italics not included in calculation of overaged j
|elbow top coefficients. This colorimetric performed at less than 100% power. -
|
|

I

I

|
1

|

|



7 .. .. . .. . - . . .
.

- - - - - - _ - _ _ . - _ _ _ . . _-

:
)
i

,

Tabe 7, Catawba Unit 1 Elbow Top Delta P Data,INWC

Dois Mor 85 Aug.85 feb-86 Dec 86 Jan 88 Oct-89 May 90 Jun 91 Oct 92 Jan 94

Loop A.lopi 332 2 3314 33U 344.1 3% 3 330 3293 3293 32H.2 326.4

Loop A. Top t! .f do.2 347.2 M77 3478 14 7 339.1 317.4 337.4 3 t6.H 3%2

Loop A. Top ill J43.1 143 a 346.1 339 6 142.6 3hs 331.9 331.9 335 329.3 q

Loop B. Top i 107.6 3010 324 2 309.3 309 MS, t 307 307 307.8 307.8

Loop B, lop il 304.7 309.1 'MR.6 303 303.4 297.7 2N9.7 289.7 298.6 299.7

Loop B. Top til J07.8 315 0 312.6 308.9 308.1 305 5 M2.6 302.6 3016 306

Loop C, Tap f 351 8 356.3 355.8 355.8 354 9 349.2 347.5 347.5 346.6 318.1

Loop C, Top li 346.7 389.5 398.2 371.6 352 347.1 34 6.6 346.0 Mo.4 335.2

Loop C, Tap ill J31.7 354 2 3 %.5 M9.3 350.9 342.1 Mo.4 140.4 341.4 331.9

Loop D. Tap i JI7J 318.5 326 4 3t3 312.7 306 305.2 3012 308.2 299.h

loop D, Tap il J214 324.5 329.3 322.1 321.6 317.6 314.6 314.6 318.8 311.7

|
Loop D. Top ill 300.7 303.6 304.2 299.1 300.6 * 294.2 292.4 292.4 295.2 289.9

l.
'

Note: Colorimetric for Mar-85 shown in Italics not included in calculo! Ion of overaged
elbow top coefficients. This colorlinotric performod niloss than 100% power,

.

|'

Table 8, Catawba Unit 2 Elbow Top Delta P Data, INWC

Date Jul-86 Aug-86 Sep-86 Nov-86 Mor 88 Jun 89 Oct-90 Nov 90 Jon 91 Dec 91 Jan 92 Apr93

Loop A.Tapi 30s.0 305.s 3016 306.1 303.1 302.9 302.9 302.6 m2.7 300 8 308.3 300.8

Loop A, Top ti 330.5 32 L6 3273 325.6 329 6 329.2 329.3 329.1 329.4 328.4 . 328.2 326.6

Loop A. Top lil 312.0 310.7 310.6 310.9 3113 311 3Io 4 310 310 2 306.6 308.5 309.3

LoopB,fopt 322 2 319 3 319.4 3t92 318.2 317.2 317.4 316 9 317.1 3t19 3 14 314.7

LoopD,fopli 36/3 3M4 3583 357.7 358.8 3 %.5 1% 5 .156.2 3%.3 354.2 354 352.7

Loop B. Tap ill fl31 312.0 311.9 311.5 310.2 314 3 314.3 314 314.3 313 312.7 3083 -

loop C. Top 1 302.3 2M7 tw 7. 2n2 Mt.4 2W.2 MW) 7 300$ 209 300.2 XWL1 301.8

Loop C, Top il 143.0 340.1 Mo. t 340 4 34A a Mil 343 M2.s M44 343.1 M28 M2

Leop C, lop DI J29.4 326.5 326.5 32e.9 3219 324 1 124 5 324.1 325 . 323.3 323.1 324.8

Loop D.Tapi 334.3 331.5 33t.5 331.9 3316 331.2 331 330.9 331.4 3295 329 4 327.4 .

Loop D. Top il 333.2 332.1 312.2 332 5 332 8 330.9 3)o 8 330 6 331.2 330 2 330.1 329'

loop D. Top ill ' 330.A 327.a 327.2 327.5 329 327.1 326.7 326.6 327,1 323.52 125.3 ' 324

.

Noto: Colorimotric for Jul-86 show italics not included in calculation of avorogod
olbow top coefficionts. alotimetric performed at loss than 100% power

-

.
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Table 9

McGuire Unit 1 SG Tube Plueuine l'ercentanes

EQUIV EQUIV EQUlV EQUIV EQUlV
CUM CUM CUM CUM CUM
PLUG PLUG PLUG PLUG PLUG

OUTAGE TYPE EOC A% B% C% D% % TUBES Comments

Aug-81 S/U 0.428 0449 OA28 OA28 0.433

Mar-82 S/U OA71 0.449 0.428 0.428 0.444

Jul-82 S/U 0.492 OA49 0.428 OA28 OA49

Nov-82 S/U 0.599 OA49 OA49 OA28 0.481

Feb-83 RFO 1 0.642 OA49 OA49 OA28 OA92

May-85 RFO 2 0.642 0.492 OA71 0449 0.513

May-86 RFO 3 2.696 2.546 2.567 3.231 2.760

Sep-87 RFO 4 3.252 3.659 2.931 4.044 - 3A71 tbow top xmtrs Replaced

Oct-88 RFO 5 3.851 4.236 - 3.594 4.878 4.140 RTD Bypass Romoved

Mar-89 LKR 4.172 4.750 3.937 5.285 4.536

Jan-90 CLSP 6 4.516 6.005 5.991 6.062 5.643

Sep-91 RFO 7 5.281 6.585 6.384 6.610 6.215 B&W Fuel, Upflow Mod

Jan-92 LKR 6.133 7.651 7.560 7.270 7.153

May-92 MCO 7.841 8.079 8.330 8.253 8.126

Apr-93 RFO 8 8.587 9.382 9.269 9.833 9.268 B&w ruoi
Aug-93 LKR 9.534 9.874 9.739 10.668 9.954

Table 10

McGuire Unit 2 SG Tube Pluccine Percentaces

EQUIV EQUIV EQUIV EQUIV EQUlV

CUM CUM CUM CUM CUM
PLUG PLUG PLUG PLUG PLUG

OUTAGE TYPE EOC A% B% C% D% % TUBES

May-83 S/U 0.021 0.000 0.000 0.000 0.005

Jan-85 S/U 0.021 0.000 0.000 0.000 0.005

Dec-85 RFO 1 0.021 0.000 0.000 1.070 0.273

Mar-86 RFO 2 2A60 2A39 2A82 2.503 2.471

May-87 RFO 3 3.209 3.338 3.124 3.231 3.225

Jun-88 RFO 4 4.086 4.086 4.236 3A87 3.974 RTD Bypass Removed

Jul-89 RFO 5 5.327 4.792 4.942 4.536 4.899

Aug 90 RFO 6 5.512 5.079 5.229 4.710 5.132 upfiow mod

Jan-92 RFO 7 5.874 6.023 5.616 5.450 5.741 B&W Fuol

May-92 MCO 6.128 6.279 5.872 5.705 5.996

Jul-93 RFO 8 7.305 7.306 6.621 6.754 6.996 Ba w Fuoi

Oct 93 LKR 7.663 8.141 6.941 7.075 7.455
.

m
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Table 11

Catawba Unit 1 SG Tube Pinecine Percentanes

EQUlV EQUIV EQUlV EQUlV EQUIV

COM CUM CUM CUM CUM
PLUG PLUG PLUG PLUG PLUG

OUTAGE TYPE EOC A% B% C% D% % TUBES Comments

Jun-85 S/U 0 0.064 0.150 0.043 0.064 0.080

Jan-86 RFO 1 0.064 0.150 0.043 0.064 0.080
Nov-87 RFO 2 0.064 0.150 0.043 0.064 0.080
Aug-88 LKR 0.064 0.150 0.043 0.107 0.091

Dec-88 RFO 3 0.492 0.385 0.300- 0.513 0.423

Feb-90 RFO 4 2.204 0.471 1.284 1.626 1.396

Apr-91 RFO 5 2.598 0.941 4.151 2.884 2.643 B&W Fuel

Aug-92 RFO 6 4.438 1.562 6.025 4.104 4.032 B&W Fuel

Nov-93 RFO 7 6.95 3.47 11.17 10.06 7.91 B&W Fuel

Table 12

Catawba Unit 2 SG Tube Pluccine Percentanes

EQUIV EQUIV EQUIV EQUIV EQUIV

CUM CUM CUM CUM CUM

PLUG PLUG PLUG PLUG PLUG

OUTAGE TYPE EOC A% B% C% D% % TUBES Comments

Aug-86 S/U 0.175 0.175 0.175 0.175 0.175

Aug-86 S/U 0.197 0.328 0.197 0.284 0.252

Feb-88 RFO 1 0.284 0.350 0.197 0.328 0.290

Feb-89 RFO 2 0.328 0.460 0.219 0.328 0.334

Jun-90 RFO 3 0.525 0.481 -0.263 0.481 0.438

Oct 91 RFO 4 0.678 0.481- 0.350 0.503 0.503

Feb-93 RFO 5 0.985 0.613 0.635 0.722 0.739 B&W Fuel

~
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! Tcble 13
| MNS-1 Hot and Cold Leg Temperatures

Jul-83 Feb-85 Sep-85 Oct-86 Dec-87 May-89 Aug-90 Sep-91 Dec-91 Jul-93

Hot Leg ATemp 615.5 615.5 616.4 615.7 614.9 617.1 616.8 616.7 615.2 615.6'

Cold Leg A Temp 557.8 559.2 558.5 557.4 559.2 558.8 558.3 558.1 557.6 557.1

Hot Leg B Temp 616.4 616.1 616.1 615.0 614.8 616.1 616.6 616.4 615.7 '615.6

Cold Leg B Temp 559.5 559.9 559.3 558.1 559.7 559.9 559.6 559.7 558.7 558.2

_

Hot Leg C Temp 616.2 615.8 616.6 615.7 616.7 616.8 616.8 615.6 616.4 615.8

Cold Leg C Temp 558.8 559.7 559.8 558.5 560.1 559.4 559.1 558.6 558.7 557.9

Hot Leg D Temp 616.1 615.8 616.2 616.3 614.7 616.5 616.7 616.4 616. 615.5

Cold Leg D Temp 559 - 559.3 560.1 558.7 560 559.3 559.3 559.1 558.3 558.1-

,
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Table 14
MNS-2 Hot and Cold Leg Temperatures

Mar-84 Jun-85 Sep-86 Aug-87 Aug-88 Oct-89 Jan-91 Dec-91 Oct-93

Hot leg ATemp . 616.4 615.8 617 616.8 615.4 616.5 618.2 617.7 '617.2

Cold Leg A Temp 559.3 559.2 559.3 559 559.2 559.6 559.2 560 558.7

Hot leg B Temp 615.6 613.7 615.1 615.4 614.6 615.3 616.2 617 616.8

Cold leg B Temp 558.4 558.4 558.4 558.8 558.5 559.1 558.3 559.1 558.5

Hot leg C Temp . 617.5 615 6 617.8 618 6171 617.1 618 618.1 618.7

Cold Leg C Temp 558.3 558.4 558.2 550 558.3 559.2 558.4 559.1 558.4

i Hot Leg D Temp 615.6 - 615.4 615.9 615.7 614.2 616.3 616.5 615.8 616.1

| Cold Leg D Temp 558.3 558.5 558.6 559 558.2 558.9 558.4 558.5 558.5

i
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Table 15
CNS-1 Hot and Cold Leg Temperatures

Mar-85 Feb-86 Dec-86 'Jan-88 Oct-89 May-90 - Jun-91 Oct-92 Jan-94
Hot Leg ATemp 598.8 618.3 618.Ii' 618 619.3 619.3 619.3 618.2 619.3

Cold Leg A Temp 560 561 561.7 561.7 561.6 561.3 561.3 560.3 559.2

Hot Leg B Temp 597 616.5 615.9 615.6 616.7 615 617.1 615.3 616.4

Cold Leg B Temp 556.7 559.8 559.6 560.2 560.4 560 560.2 557.6 557.6

Hot Leg C Temp 599 618 618.3 618.9 618.5 619.1 619.6 618.8 620.7

Cold Leg C Temp 559.7 560.8 561.1 562 561 561.8 562 560.2 -559.6,

Hot Leg D Temp 599.8 616.1 617.1 6171 617 614.6 618.3 615.9 618.1

Cold Leg D Temp 559.4 560.3 560.6 561.2 561 560.3 560.7 559.2 559.4

!

! .

. _ _ . . _ _ _ _ _ _ _ _ ______._______z___..______._ _ _ _ _ - _ _ _ _ _



-- --

.,

. .
.

.

Table 16
CNS-2 Hot and Cold Leg Temperatures

Jul-86 - Aug-86 Sep-86 Nov-86 Mor-88 Jun-89 Oct-90 Nov-90 Jan-91 Dec-91 Jcn-92 Apr-93

Hot leg A Temp 599.5 616.9 616.9 616A 615.6 616.7 615.5 615.3 616.5 617 617.5 615.7

Cold Leg A Temp 557.2 561.6 561.3 561.4 560.7 559.5 559 559 559.5 559.1 559.6 558.8

. Hot Leg B Temp 600.86- 618.7 618.9 618.5 617.4 619.3 618.4 618.3 619.6 620 620.4 618.3

Cold Leg B Temp 558.1 562.9 562.7 562.3 561.2 561.1 560.2 560.3 560.7 560.8 561.2 559.7

Hot Leg C Temp 600.2 617.8 617.9 617.3 615.1 618.6 616.2 615.7 616.2 617.1 617.8 ^' 7 i

Cold Leg C Temp 557 561.8 561.6 561.2 561.5 560.8 559.8 559.9 559.9 560.1 560.5

Hot Leg D Temp 600.9 618.8 618.9 618.4 616.8 619.1 618.8 618.3 618.7 618.2 618.8 618.8

Cold Leg D Temp 558.2 563 562.7 562.8' 562.8 561.8 560.9 561 560.9 560.8 561.2 560.7

,
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Flmy Mettun! Comparison
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MNS-1 Flow Comparison Between Analytical Flow
Prediction, Proposed Elbow Tap Method And Colorimetric

Flow
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CNS-1 Flow Comparison Between Analytical Flow Prediction,
Proposed Elbow Tap Method And Calorimetric Flow
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CNS-2 Flow Comparison Between Analytical Flow
Prediction, Proposed Elbow Tap Method And Colorimetric

Flow
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ENCLOSURE 6'

|

OVESTIONS ON PROPOSED TS CHANGE FOR CATAWBA /MCGUIRE RCS FLOW-RATE MEASUREMENT
'

,

|
Reference: Previous questions and sample calculation.

1. For question Al, one part asked for the amount of hot leg streaming in
past reloads. You provided a list of hot and cold leg temperatures.
Hot leg streaming is associated with low leakage core loading and could
correlate with your RCS flow rate results. To help understand the
effect of this, please provide information on the core loading which
indicates the relative degree (high, medium, low) of low leakage core
loading (distribution of radial peaking factor) for the information in
Tables 1 to 4 and Figures 1 - 4 of attachment 3.

2. For question A2, you answered that your new method of measuring RCS flow
rate does not use a particular calorimetric from a past cycle to produce
elbow tap coefficients, but that valid calorimetric data from previous
measurements will be used to determine an averaged set of elbow tap
coefficients to reasonably and conservatively represent the final
coefficient values for each elbow. Usually, a flow meter is calibrated
over a wide range of flow rates. Often, the flow coefficient can vary
with Reynolds number when the flow rate is below the threshold value.
How do you quantify the accuracy of the elbow tap for ranges of flow
appreciably (10%) below where there has been data to base it on?

3. For question A3, you provided information indicating that the flows
calculated by the calorim^tric heat balance have been in the range of
407,363 gpm to 378,285 gpm, or a variation of about 28,078 gpm (6.89%).
You indicated that the primary function of the elbow tap in the existing
Technical Specification is to provide a flow indication for the Reactor
Protection System such that a reactor trip will occur at 90% loop flow.
As such, the elbow tap flow meters were designed to provided an accurate
flow indication over the range from 100% to 90% flow.

(a) Provide the relationship used to obtain the flow rates for ranges
below 100% flow and also what you expect the accuracy to be when at 90%
flow, a flow rate for which you have no data to base the calibration on.
Do you have an added uncertainty for flow rates below 100%7

(b) In Tables 17 and 18 for McGuire and Tables 20 and 21 for Catawba you
1

show the uncertainty associated with the precision calorimetric
including a bias value. Please explain how the values used are obtained
and what they are based on. For these tables explain how the Sensor
Calibration Accuracy (CSA) is obtained.

4. Reference 1 presents the general method for assessing uncertainties.
Figure 3, measurement error, taken from Reference 1, shows that the
measurement error is composed from the effect of the sensing path from
the sensing element to the measurement output of the desired value.
This error is shown to be composed of the effects of normal distribution
and a bias. Figure 4 from Reference 1 is a schematic of components used

.for direct measurement of a quantity and includes output transmission,
signal conditioning and reanut, A/D conversion and digital computation.
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The process of obtaining statistical accuracy of the measurement
includes the effects of all the elements used in arriving at the end
result. |

For question B1, you were asked what flow measurement uncertainty (FMU)
value you were using for your new method of measuring RCS flow rate and i

to submit the analysis for the FMU. Our question was anticipating a FMV
analysis modified from that submitted previously for Catawba by WCAP-
11308 (Ref. 1). You have modified the cold leg elbow tap results from
the previous FMU analysis to account for the reactor trip setpoint
changes. The analysis should be further modified to include the added
uncertainty from your new method of averaging the results of the
previous calorimetrics. The previous FMU analyses have been based on
statistical analysis to obtain a 95/95 probability / confidence level,
using a statistical approach similar to that described in Reference 1.

Since you are adding a new element into the previous method of measuring
RCS flow rate, an uncertainty value needs to assigned to this new
element. This element is the process of averaging the previous values
of the flow coefficient, K to arrive at the new value of K. For
example, the new value of K could be obtained by choosing (1) only
certain inputs near the first operating cycles, or (2) only certain
inputs near the last operating cycles. The flow calculated by either of
these two methods would give different values. You have chosen to use
the average of values ranging from the early to late cycles. The method
of selecting the data for calculating the flow coefficient effects the
final accuracy and needs to be analyzed and quantified to determine the
particular FMU for your method.

.

.

5. For question C2a, you discussed fouling at the taps. For the flow
pattern in the elbow, the flow near the tap on the outside radius flows
at a oblique angle towards the tap as it turns inside the pipe which
could effect the accuracy of the reading with a possible velocity
pressure component. Also there are possible effects (such as a
turbulance and erosion) on the accuracy of the flow reading on the inner ,

radius tap location trom eddies . It is understood that you do not plan
to make further calorimetric heat balances for measuring the primary
side flow rate. Please comment on the continued long range (20 plus
years) operation with no further calibration to check for changes
(fouling or any other effects such as frictional changes) that-can
affect the calibration of the elbow taps. How do you plan to check for
effects that can effect the calibration with time.

6. For question C2c, you stated that the elbow taps are considered to be
independently calibrated from past historic data. Please comment on the
accuracy of this calibration for 100% flow rate and also its accuracy
over ranges where it not based on data.

7. For question Dic, you provided Figures 1 - 4 of Attachment 3.
4

The plot for the calorimetric flow rate has generally close agreement
with your proposed elbow tap method, except for the data point taken
after December 88. However, the calorimetric flow rate deviates sharply

|

|
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lower from your proposed method for the data taken after September 91.

(a) Please explain the reason for the greater deviation experienced for
Figure 3 for data taken after September 91. Is this from an increased
radial peaking profile in your low leakage core loading? If so, do you l
have plans for further increases in this profile? i

The data in your Table 11 indicates that for Catawba Unit 1, the percent
of steam generator (SG) tube plugging increased from 4.03 % in August 92
to 7.91% in November 93. The November 93 SG percent tubes plugs value
is is almost double the value of August "92.

(b) Please provide information on' the effect of this large increase in
SG tube plugging on the RCS flow rate and also the effect of hot leg
streaming for this cycle on RCS flow rate. Is this reduction in RCS
flow rate for this current cycle mostly due to.SG tube plugging rather
than from hot leg streaming? If so, is this not is a realistic
reduction in flow rate, rather than a false indication from an
inaccurate hot leg reading?

Reference t

1. NUREG/CR-3659, "A Mathematical Model for Assessing the Uncertainties of
Instrumentation Measurements for Power and Flow of PWR Reactors,"
February 1985,
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