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EBASCO SERVICES INCORPORATED

SHEET 3 OF 39

1 LIENT: TENNESSEE VALLEY AUTHORITY PROJECT: WATTS BAR NUCLEAR PLANT UNIT 1

!UBJECT: DOCUMENTATION OF MOV DESIGN BASIS REVIEW FOR 1-FCV-68-333

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

MEB-WBN-68, WBN-68-D053, EPM-PJA-080592 0

Calculation No. Revision

Method of design verification (independent review) used
(Check method used):

1. Design Review X
2. Alternate Calculation NR
3. Qualification Test NR

Justification (explain below):

Methob 1: In the design review method, justify the technical adequacy of the

calculation and explain how the adequacy was verified.
(Calculation is similar to another, based on accepted handbook
methods, appropriate sensitivity studies included for confidence,
etc.)

e d 2: In the alternate calculation method, identify the pages where the

alternate calculation has been included in the calculation package

and explain why this method is adequate.

Method 3: In the qualification test method, identify the QA documented
source(s) where testing adequately demonstrates the adequacy of
this calculation and explain.

This desian review was conducted in accordance with TVA Desion Standards DS-M18.2.21 and DS-M18.2.22. Calculation

methodolocy and results were compared to these standards and were found to meet the technical requirements contained

therein. The design input and assumptions were verified and found to be reasonable. The calculation results are

adequately conservative. The computations were checked, and the evaluation of the differential and line oressure scenarios

was confirmed usino the references in Section 5.0.

/(/zAdi-
Design Verifier Date

(Independent Reviewer)
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CLIENT: TENNESSEE VALLEY AUTHORITY PROJECT: WATTS BAR NUCLEAR PLANT UNIT 1

SUBJECT: DOCUMENTATION OF MOV DESIGN BASIS REVIEW FOR 1-FCV-68-333

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

MEB-WBN-68, WBN-68-D053, EPM-PJA-080592
Calculation No.

Method of design verification (independent review) used

(Check method used):

1.
2.
3.

Design Review
Alternate Calculation
Qualification Test

x
NR

1
Revision

NR

Justification (explain below):

Method 1:

Method 2:

ethod 3:

In the design review method, justify the technical adequacy of the

calculation and explain how the adequacy was verified.

(Calculation is similar to another, based on accepted handbook

methods, appropriate sensitivity studies included for confidence,

etc.)

In the alternate calculation method, identify the pages where the

alternate calculation has been included in the calculation package

and explain why this method is adequate.

In the qualification test method, identify the QA documented

source(s) where testing adequately demonstrates the adequacy of

this calculation and explain.

This design review was conducted in accordance with TVA Desiqn Standards DS-M18.2.21 and DS-

M18.2.22. Calculation methodology and results were compared to these standards and were

found to meet the technical requirements contained therein. The design input and assumptions

were verified and found to be reasonable. The calculation results are adequately

conservative. The computations were checked, and the evaluation of the differential and line

pressure scenarios was confirmed using the references in Section 5.0.

/ K,

Des~ign Verifier
(Independent Reviewer)

Date



EBASCO SERVICES INCORPORATED
SHEET 3B OF 39

CLIENT: TENNESSEE VALLEY AUTHORITY PROJECT: WATTS BAR NUCLEAR PLANT

UNIT - 1

SUBJECT: DOCUMENTATION OF MOV DESIGN BASIS REVIEW AND THRUST/TORQUE

CALCULATIONS FOR 1-FCV-68-333

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

MEB-WBN-68, WBN-68-D053, EPM-PLA-080592
Calculation No.

Method of design verification (independent review) used
(Check method used):

Design Review
Alternate Calculation
Qualification Test

2
n .. :-

X
NR
NR

Justification (explain below):

Method 1: In the design review method, justify the technical adequacy of the calculation and explain how the

adequacy was verified. (Calculation is similar to another, based on accepted handbook methods,

appropriate sensitivity studies included for confidence, etc.)

Method 2: In the alternate calculation method, identify the pages where the alternate calculation has been

included in the calculation package and explain why this method is adequate.

Method 3: In the qualification test method, identify the QA documented source(s) where testing adequately

demonstrates the adequacy of this calculation and explain.

This desion review was conducted in accordance with TVA Desian Standards DS-M18.2.21 and DS-M18.2.22.

Calculation Methodology and results were compared to these standards and were found to meet the technical

requirements contained therein. The desion input and assumotions were verified and found to be reasonable. The

calculation results are adeauatelv conservative. The computations were checked. and the evaluation of the

differential and line pressure scenarios was confirmed using the references in Section 5.0
, A

(InDesign Verifier
(Independent Reviewer)

Date
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CLASSIFICATION, CATEGORIZATION AND MAINTENANCE

OF DESIGN CALCULATIONS SHEET 3C OF 39

CALCULATION CLASSIFICATION & CATEGORIZATION

CALCULATION INFORMATION: MEB-WBN-68
WBN-68-D053 R

PLANT/UNIT WBN IDENTIFIER EPM-PJA-080592 REV.

RIMS NO. NR ISSUE DATE NR

TITLE DOCUMENTATION OF MOV DESIGN BASIS REVIEW AND THRUST/TORQUE

POnTjTREMENTS AND VALVE AND ACTUATOR CAPABILITY

e3

I/O ffs

7o nchlf N.i''I± TnP 1±

SYSTEM(S), COMPONENT, FEATURE OR SUBJECT OF CALCULATION

SYSTEM/DESCRIPTION

(X)

(X)

SAFETY SYSTEM

SAFETY RELATED FEATURE

NON-SAFETY SYSTEM

NON-SAFETY RELATED FEATURE

PLANT ENVIRONMENT
(EQ, ETC.)

APPENDIX R

CIVIL STRUCTURES

INSTRUMENTATION
(PAM, ETC.)

LICENSING

OTHER

CALCULATION CATEGORY E06

FINAL CLASSIFICATION

(X) ESSENTIAL

( ) DESIRABLE

SUBMITTED

REVIEWED _

APPROVED

SYSTEM NO. 68

ACk/

SYSTEM NO.

( ) FILE ONLY

( ) SUPERSEDED
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EBASCO SERVICES INCORPORATED

CLASSIFICATION, CATEGORIZATION AND MAINTENANCE
OF DESIGN CALCULATIONS

Attachment 1
CALCULATION CLASSIFICATION & CATEGORIZATION

IDENTIFIER: MEB-WBN-68, WBN-68-D053, EPM-PJA-080592

PRELIMINARY CLASSIFICATION

(X) ESSENTIAL

( ) DESIRABLE

SHEET 3D OF 39

( ) FILE ONLY

( ) SUPERSEDED

CALCULATION CLASSIFICATION JUSTIFICATION:

SUBMITTERThis calculation documents the design basis review and required

thrust/torque for MOV 1-FCV-68-333. The calculation addresses

the requirements specified in NRC Generic Letter 89-10.

(L'AGREE WITH
CLASSIFICATION

('I AGREE WITH
CLASSIFICATION

( ) DISAGREE -
COMMENTS REQUIRED

( ) DISAGREE -
COMMENTS REQUIRED
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SHEET 3E OF 39

OF WATTS BAR NUCLEAR PLANT UNIT 1

SUBJECT: DOCUMENTATION OF MOV DESIGN BASIS REVIEW FOR 1-FCV-68-333

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

MEB-WBN-68. WBN-68-D053, EPM-PJA-080592
Calculation No.

3
Revision

Method of design verification (independent review) used

(Check method used):

Design Review
Alternate Calculation
Qualification Test

X
NR
NR

Justification (explain below):

Method 1:

Method 2:

In the design review method, justify the technical adequacy of the

calculation and explain how the adequacy was verified.

(Calculation is similar to another, based on accepted handbook

methods, appropriate sensitivity studies included for confidence,

etc.)

In the alternate calculation method, identify the pages where the

alternate calculation has been included in the calculation package

and explain why this method is adequate.

3: In the qualification test method, identify the QA documented

source(s) where testing adequately demonstrates the adequacy of

this calculation and explain.

This design review was conducted in accordance with TVA Design Standards DS-M18.2.21 and DS-

M18.2.22. Calculation methodology and results were compared to these standards and were

found to meet the technical requirements contained therein. The design input and assumptions

were verified and found to be reasonable. The calculation results are adequately

conservative. The computations were checked, and the evaluation of the differential and line

pressure scenarios was confirmed using the references in Section 5.0. This revision

incorporates elevated temperature effects, EOI evaluation, seismic evaluation, and

reconciliation of DP test data.

a nt4 17 //V
Depign erifier Date

/(%-Ide pendent Reviewer)
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SHEET 3F OF 39

CLIENT: TENNESSEE VALLEY AUTHORITY PROJECT: WATTS BAR NUCLEAR PLANT

UNIT - 1

SUBJECT: DOCUMENTATION OF MOV DESIGN BASIS REVIEW AND THRUST/TORQUE

CALCULATIONS FOR 1-FCV-68-333

CALCULATION DESIGN VERIFICATION (INDEPENDENT REVIEW) FORM

MEB-WBN-68, WBN-68-D053, EPM-PJA-080592 4

Calculation No. Revision

Method of design verification (independent review) used
(Check method used):

1. Design Review X
2. Alternate Calculation NR
3. Qualification Test NR

Justification (explain below):

Method 1: In the design review method, justify the technical adequacy of the calculation and explain how the

adequacy was verified. (Calculation is similar to another, based on accepted handbook methods,
appropriate sensitivity studies included for confidence, etc.)

Method 2: In the alternate calculation method, identify the pages where the alternate calculation has been
included in the calculation package and explain why this method is adequate.

Method 3: In the qualification test method, identify the QA documented source(s) where testing adequately

demonstrates the adequacy of this calculation and explain.

This design review was conducted in accordance with TVA Design Standards DS-M 1 8.2.21 and DS-M1 8.2.22.

Calculation Methodology and results were compared to these standards and were found to meet the technical

requirements contained therein. The design input and assumptions were verified and found to be reasonable.

The calculation results are adequately conservative. The computations were checked, and the evaluation of

the differential and line pressure scenarios was confirmed using the references in Section 5.0, This

revision incorporates revised test data reconciliation and mispositioning evaluation.

_ _ _ _ 7/z /?-
Design Verifier Date

(Independent Reviewer)
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EBASCO SERVICES INCORPORATED

SHEET 5 OF 39
REVISION 0FUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR

1-FCV-68-333
BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D053, EPM-PJA-080592

PREPARER: P. J. Antonvich / / DATE: ii 49CHECKER : T. Snead DATE: /1//;Lz

1.0 PURPOSE AND SCOPE

1.1 Puroose

This calculation documents the design basis review, performs
the required thrust/torque calculation, and assesses thevalve and actuator capabilities . The results of this
calculation are the total valve package which contains the
comprehensive Generic Letter 89-10 engineering analysis forthe Reactor Coolant System Relief Flow Control Valve (Train
A), 1-FCV-68-333

1.2 Scope E 
7 r (FJ)

The design basis review will be performed in accordance withTVA Mechanical Design Standard DS-M18.2.22 (Sect. 3.2). Itspurpose is to identify the functional, seismic, and
electrical considerations which will influence the valve's,
1-FCV-68-333, ability to perform its design function and
also to document specific design information on both the
valve and operator (Sections 7.1 through 7.5). The
calculated maximum thrust/torque capability will be compared
to the thrust/torque requirements, also calculated herein
using TVA Mechanical Design Standard DS-M18.2.21 (Sect 3.1),in order to ensure sufficient thrust/torque is available tooperate the valve.

The valve and operator thrust/torque capabilities and
requirements are based on the worst case line/differential
pressures and electrical conditions, as identified in thedesign basis review.



EBASCO SERVICES INCORPORATED
SHEET 6 OF 39
REVISION 0

'3UBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR
1-FCV-68-333

BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D053, EPM-PJA-080592

PREPARER:
CHECKER :

P. J. Arntonvich
T. Snead

DATE: //'/ Z-
DATE: II//2.5 9z

1.3 CORRELATION

This calculation is presented in Ebasco Project Procedure E-
30-TVA format. To identify the location of data required by
TVA Design Standard DS-M18.2.22 the following correlation is
provided.

DS-M18.2.22 DATA Section

Purpose

Assumptions

References

1. 0

2.0

3.0

Design Basis Review 4.0 -

Calculations

Walkdown

Conclusion

4.4

4 .5

5.0

6.0

E-30-TVA FORMAT

1.0

4.0

5.0

7.0 - 7.44

7.5

7.6

8.0 & 9.0

2.0 CRITERIA

The motor-operated valve, 1-FCV-68-333, shall be evaluated
using TVA Nuclear Design Standards DS-M18.2.21 and DS-
M18.2.22.
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REVISION 0aOUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR

1-FCV-68-333
BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D053, EPM-PJA-080592

PREPARER: P. J. Antonvich DATE: K///?Z
CHECKER : T. Snead DATE: z j

3.0 APPLICABLE CODES AND STANDARDS

3.1 TVA Nuclear Power Mechanical Design Standard DS-M18.2.21,
"Motor-Operated Valve Thrust and Torque Calculations", Rev.

@K Xdared 07,'07,'D2

3.2 TVA Nuclear Power Mechanical Design Standard DS-M18.2.22,
"MOV Design Basis Review Methodology", Rev. Ja_ -e&
97,129,91.

3.3 NRC Generic Letter 89-10, "Safety-Related Motor-Operated
Valve Testing and Surveillance", dated June 28, 1989, i plees

3.4 Supplement 1 to NRC Generic Letter 89-10, "Results of Public
Werleehops", dated Juno 13, 1990.

W 3.5 "Application Guide for Motor-Operated Valves in Nuclear &Jms
Power Plants", EPRI Report NP-6660-D, Final Report dated
March 1990.
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SHEET 8 OF 39
REVISION 0

kUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR
1-FCV-68-333

BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D053, EPM-PJA-080592

PREPAR-ER: P -J. Antonvi e-n DATnr- /1111

CHECKER : T. Snead DATE: // YZ/-z9

4.0 ASSUMPTIONS

4.1 Valves are assumed to be in and remain in their normal
position during normal operation or accident condition such
that the effects of mispositioning can be determined. The
technical justification for this assumption is to assure
that the valves are evaluated at the maximum line and
differential pressures.

4.2 The pressure drop for piping losses is neglected in the
calculation. The technical justification for this
assumption is that it allows for a conservative
determination of line and differential pressure.

- -

I

7 L-
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SHEET 9 OF 39
REVISION 0

OUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR
1-FCV-68-333

BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D053, EPM-PJA-080592

PREPARER: P. J. Antonvich DATE: /(/'( Z-

CHECKER : T. Snead DATE: {// 1Z/.

5.0 REFERENCES

5.1 TVA WBN Calculation EPM-TSS-110791, Rev. 4 "Generic Letter

89-10 MOV Population at Watts Bar (Unit 1)"

5.2 TVA Design Basis Document, System Description N3-68-4001,

Revision Z thru DCN S-175C4 , "Reactor Coolant System"
i3 -41oSt~ 1 $

5.3 TVA Mechanical Piping Dring 4W465-7, Rev. C, "Reactor
Coolant Auxiliary and Miscellaneous Piping"

5.4 TVA WBN WBPEVAR8990O10, Rev. &6-, "Cable Ampacity - NV4 & NV5

Cables in Class 1E Raceways"
W

5.5 TVA WBN DCN)4'-12962-A, "MOV Uniqueness and Thrust

Requirements" (RIMS # B26 901004 -=) ,_

5.6 TVA WBN Flow Diagram 1-47W813-1, Rev. X, "Reactor Coolant R
System"

5.7 TVA Mechanical Piping Drawing 47W465-2, Rev. &, "Reactor
Coolant Auxiliary & Miscellaneous Piping" OKA

I- Sx-68 - '0 I -,q

5.8 TVA Site Instruction SI A .3.68.A, Rev. f, "Valve Full
Stroke Exercising During Plant Operation - Reactor Coolant)", 3

Watts Bar Nuclear Plant A

5.9 TVA WBN Schematic Diagram, 1-45W760-68-5, CCD, Rev.+1-3,
"Reactor Coolant System Schematic Diagram"

t4er ,e~lt. 44t, j(
5.10 TV;A WMN -Lttcr, datEd 3e ^G, 1992, "Evaluation of Cabl

Sizi4ng for thc C2ncric Lcttcr 89-10 Motor Oporatod Volvo
(MDV) Program" (RIMS # T41 92020- 8 6)

5.11 Westinghouse Electric Corporation Letter WAT-D-8939, dated '41¶19s
July 30, 1992, "Seismic Qualification of Westinghouse Gate
Valves for Watts Bar" (RIMS # T33 920730 983)
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IUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR
1-FCV-68-333

BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D053, EPM-PJA-080592

PREPARER: P. J. Antonvich DATE: I/6 c4 9-
CHECKER : T. Snead DATE:

5.0 REFERENCES (Continued)

5.12 Westinghouse Letter WAT-D-6874, dated 02/24/86, to E. R.

Ennis (TVA), "Data Base for Motor Operated Valves"

5.13 Westinghouse Drawing 115E010, Rev. 902, "Motor Op. Gate
Valve - Mod. 03000GM88FNHOO8, 3-1500 ASME Class 1 GPO ASSY",

Contract No. 71C62-54114-2

5.14 Marks Standard Handbook for Mechanical Engineers, Eighth
Edition

5.15 Westinghouse Electric Corporation Letter WAT-D-8584, dated

6/25/91, Contract # 71C62-54114-1 "Maximum Allowable
Thrusts" (RIMS #B26 91 0805 300)

5.16 TVA QIR M!R!WBN 92022, Rev. 0, Limitereuc Actuator Torgu,
Switch Setting Chart for NPe eplacement sping PakS"

(RlISVI ' ee1 920004 93 7/,ATSSoi#;rv - --Ven5,

5.17 TVA WBN Environmental Drawing 47X235-42, Rev. I,

"Environment Data - Harsh Lower Compartment"

5.18 Limitorque Selection Guides:

5.18.1 Application Factors, SEL-4, Revised 07/01/77.

5.18.2 Gate & Globe Valve Efficiency Chart, SEL-7, 11/89.

5.18.3 Stem Factors, SEL-10, dated 05/21/79.

5.18.4 Rating Sheets, SEL-9, Rev. 2, Dated 6/2/75.

5.19 TVA WBN SOER 84-07, dated 6/7/91, "Identification of Gate
Valves Subject to Thermal Binding and Bonnet
Overpressurization"

5.20 Westinghouse Letter WAT-D-8830, "EMD Gate Valve Wedge Angle

Information", dated 4/23/92 (Rims #T33 920423 954)



EBASCO SERVICES INCORPORATED
SHEET 11 OF 39

fl REVISION 0

OUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FOR

1-FCV-68-33 3

BRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-D0
5 3, EPM-PJA-080592
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5.0 REFERENCES (Continued)

5.21 TVA WBN Calculation EEB-MS-TI06-0010, Rev. , "Auxiliary

Power System Analysis on 1E Buses Via CSST C and CSST D with

Auto Load Tap Changers"

5.22 Westinghouse Equipment Specification G-678852, Rev. 2,

"Motor Operated Gate Valves ASME Boiler and Pressure Vessel

Code Section III Class 1, 2, & 3," Contract No. 71C62-54114-

1.

5.23 TVA EQ Binder WBNEQ-MOV-001, Rev". 7 . "Environmental

Qualification Documentation Package"
/0

5.24 TVA WBN Calculation WBN-EEB-MS-TI08-0008, Rev. -2, "480V 1E

Coordination/Protection"

5.25 Westinghouse Field Change Notice FCN No. WATM-10640 (RIMS #
NEB 830223 358)

5.26 TVA WBN Valve Index by ID, WAT-ID, Rev. 10, dated 9/30/86

Contract No. 71C62-54114-1 (RIMS # B26 861230 900)

5.27

5.28

TVA WBN Sit- -Initruction 4.0.5.G°.r, Re_. 1, "Va1e -all

G Blc~ising During Cold Shutdown oaoCtoL Ceoltnt"

TVA WBN LettGr, dated ll,'/l/92, "Watto Bar Nuclear Plant

-(WEN) -Evaluation of Cable Si-ing for thc Ccncric Lcttc

89 10 M1.otor Operated Valve (MOV) Program" (T44 921111 033)

5.29 TVA Electrical Design Standard DS-E12.6.3, Rev. '/ tlrouettt

EK DS 12.G.3, "Cable-Aipacity Tabl2 f;or = u'iliary and

Control Power Cablc (0 15000 Volt) " 6 6

5.30 TVA WBN-OSG4-095, Rev. ?P"Selection Criteria for MOVs

Requiring Thermal Overload Bypass"

5.31 TVA Proceduroe Method PDM7 2C (EE), Rv. 2, tCbl M Lenyt,'

Impedance to be Used in Electrical Calculations" (RIHS # B43

390822 908) c-.)est L -rr-b-W3S, "/,/,q '
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5.0 REFERENCES (Continued)

5.32 Operability Test Report of Westinghouse Nuclear Gate Valves, -
Dated 1/28/77, Engineering Memorandum No. 4995

5.33 T-rA QIReN WBN 89006, Rcv. 0, "Motor Opceratcer Valves
-Smk-ge3 7v4 t-a3' V4'~or Tech^q -fl wO-'V7~-orLz00-Ozo/

A review of DCCM was performed and no outstanding changes affect
this calculation.

6.0 DESIGN INPUT DATA

6.1 The design input for determining the Motor Operated Valve
Design Basis and the motor operated valve thrust/ torque

w requirements, operation and capability was obtained from
References listed in Section 5.0.

5.34 TVA WBN Letter from Limitorque (Pat McQuillian) to WBN Engineering Manager I
(R. M. Johnson), dated 4 444 9'019Q 300, Subject: Increased Actuator I
Thrust Rating. /f z y J3

R2

3 5 - IA,- z ( i'w( 2 J5~? " -z g '-

/,~7 /W44

uIO« J
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/~14L DATE: ///" t
DATE: ///; L

7.0 CALCULATIONS

7.1 SYSTEM DESIGN BASIS DATA

1. VALVE NO:

2. MARK NO :

1-FCV-68-333

8000A

3. DESCRIPTION:
RCS Pressure Relief Flow Control Valve

DATA SOURCE

Ref. 5.1

Ref. 5.25, a. 2
Ref. 5.12, i 2
Ref. 5.23, -PF4--2-&

Ref. 5.9
(Train A)

4. SAFET'X FUNCUTIUN: Ref. 5.2, pouff
R-

Remains open and must be able to be oimened to align the PORVts,
providing a depressurization path. The valve is closed to
isolate the PORV in the event it fails to close.

5. SEISMIC CLASS: Categorv I (Active)

6. SYS DESIGN PRESS: 2510 psiq

SYS DESIGN TEMP : 6800 F

7. NORMAL POSITION: Open

SAFETY POSITION: Close

8. FLOW RATE: 210,000 lb/hr @ 2265 eisa

9. MAX LINE/DIFFERENTIAL PRESS:

Line P/Diff. P
Normal Plant Operation: OPEN 2235/2235
Testing: OPEN 2235/0
Accident: OPEN NR
Misposition: OPEN _________

Z7 -7 Z727.3
10. FLUID TYPE: Liquid & Saturated Steam -

Reactor Coolant

FLUID TEMP:

See Comment 7.1.5
Ref. 5.2, pv 1G&

Ref. 5.2, pq-4-

Ref. 5.2, Rae ''@

See Comment 7.1.7

See Comment 7.1.7

Ref. 5.2, e G

Comment 7.1.9

Line P/Diff. P
CLOSE 2235/0
CLOSE 2235/0
CLOSE 2335/2335
CLOSE 2335/2335

Ref. 5.2, -a d -5-

Ref. 5.2, -6 8 ° F -,
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7.0

7.1

CALCULATIONS (Continued)

SYSTEM DESIGN BASIS DATA (Continued)

11. REQUIRED STROKE TIME: 10.0 .c-nd: (design)

APPLICABLE SI: LI '.0.5.,G.A

12. LEAK TIGHTNESS REQUIREMENT: 9 cc/hr See

13. MOV CAN BE FULL FLOW TESTED? N (YES/NO)

14. BONNET OVERPRESSURIZATION/THERMAL BINDING/
PRESSURE LOCKING N (Y/N)

15. ORIENTATION OF VALVE:

DATA SOURCE

5-, z Rll Q3

Ref. 5.33, Pff I

Comment 7.1.12 0
S (eleomt7.

See Comment 7.1.13

See Comment 7.1.14

Ref. 5.3
Ref. 5.7
Ref. 5.23,->-E-AA

Line: Horiz X Vert Degrees from vertical
Stem: Horiz- Vert X Degrees from vertical

16. BUTTERFLY VALVE CHARACTERISTICS: Not Required For a Gate Valve

Flow velocities: Not Recuired For a Gate Valve

Piping arrangements: Not Required For a Gate Valve

17. AMBIENT TEMPERATURE:60' to 120'F (Normal) Ref. 5.17

3270 F Maximum Accident

gLIt

I
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7.0 CALCULATIONS (Continued)

7.1 SYSTEM DESIGN BASIS DATA (Continued)

Comments:

7.1.5 Seismic Class - Rcfcrpncc 5.32 Providos tost data for zcizmniualification of Westinghouse Gate Valve of size 4" and 12"Re ence 5.11 categorizes various sizes of Westinghous gatevalves nto two different groups using the 4" valve therepresent ve for one group and the 12" valve as erepresentati for the other group. 1-FCV-68 3 (a 3" gatevalve) is repres ed by the 4" valve.

Based on Ref. 5.11 and e test re s of the 4" gate valvesin Ref. 5.32, pg 22, an op atm hrust range of 5,500 lbsto 7,500 lbs in the opening ction, and a thrust range of11,500 lbs to 13,600 lbs i the sing direction were notedduring stroking at 250 s\

Although Sectio .1 of this design bas eview calculata required o ing thrust of 11,898 lbs (whic is greaterthen the . 5.32 value). Since Reference 5.32 onstratoperab ity of the valve under differential pressureco tions similar to Section 7.5.1 it may be concludedis valve is seismically qualified for its application.
7.1.7 Valve Position - The PORV Block valve is required to be ope(and is normally open) to allow venting of the pressurizerfor plant depressurization following an accident or abnormaevent, in the event the PORV does not close the PORV Blockvalve may be required to close to stop RCS depressurizaiton(Ref. 5.2, pp. 4J 25- JJ).

e - rc., ce_ '5-, 3 /-o 3.0 5n o / 1./5
4r e;cce, 4 9075° -4'° ' o~OstZP ~

cad ca:7,gY,~/ ~ < ~ v s o o o t~ / s - ^

-es

ted

an
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7.0 CALCULATIONS (Continued)

7.1 SYSTEM DESIGN BASIS DATA (Continued)

7.1.9 Analysis of flow rate and maximum line/differential pressure
for normal, testing, accident, and mispositioning scenarios:

Computation of maximum expected line pressures, differential
pressures and flow velocity for RCS Pressure Relief Flow Control
Valve (Train A), 1-FCV-68-333. Refer to Attachment 1, Simplified
Sketch.

Opening (Accident/Abnormal Conditions) - The PORV Block valve is

required to be open (and is normally open) to allow venting of the

pressurizer for plant depressurization following an accident or

abnormal event (Ref. 5.2,--p-.--&4). Therefore, it is not required

to open under accident conditions.

Closino (Accident/Abnormal Conditions) - The PORV Block valve may
be required to close to stop RCS depressurization in the event the
PORV does not close. (Ref. 5.2, pp. 4, 55, EGO). In this
scenario, the PORV would be isolated when it was determined it
would not close. This would be at some pressure below the PORV

setpoint. The maximum differential pressure for this operation
occurs at an upstream pressure of 2335 psig based on the PORV
setpoint (Ref. 5.2, pi3. --- 1-?) and downstream pressure of 0 psig
which results in a differential pressure of 2335 psid at a line
pressure of 2335 psig. The downstream pressure in the pressurizer
relief tank (PRT) is normally 3 psig (Ref. 5.2, pa. -63) but is
taken s zero for coniservatism and simplicity.

Opening and Closina (Normal/Test Operations) - The valve may be
required to be closed for maintenance or PORV testing and would
subsequently be opened to restore the PORV flow path. During
normal power operation, the differential pressure is 2235 psid at
a line pressure of 2235 psig for opening operations. This is
based on an upstream pressure at maximum normal system pressure
(Ref. 5.2,-He. 4O-) and negligible pressure in the PRT (see:
Closing Accident/Abnormal conditions). The valve is stroked for

surveillance testing (Reft. 5.8 -&-&.9). The opening and closing
operation would occur at 0 psid differential pressure, as the PORV
is closed, at a line pressure of 2235 psig. Conditions at cold
shutdown are bounded by the power operations scenario.

K4
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7 .0 CALCULATIONS (Continued) Q'% C+hOSQ.,

7.1 SYSTEM DESIGN BASIS DATA (Continued)

Inadvertent Mispositioning - The valve may be mispositioned during
normal or accident/abnormal conditions. The closing scenario is
bounded by the closing operation at accident/abnormal conditions
(2335 psig/ 2335 psid). The opening scenario would require
opening of the valve following inadvertent closure to restore the
depressurization path following an accident Ai abnormal event.
Worst case upstream pressure is based on theAPressurizer Code

.. fl.-,-J. ar.-l..I ant A Ad {nNco ay Ad - .. rm Orlf bn nAO --

plus setpeint error, Ref. 5.2, pp. 55) and -anegligible ; 5q
downstream pressure (see Closing (Accident/Abnormal Conditions))
The consideration of safety valve accumulation pressure for
reopening the valve in not credible as the safety valves, once
open, provide complete overpressure protection. This results in
valve operation at a differential pressure of -254 psid and a line
pressure of 2-± psig. 73
COMMENSr 7p cb //C cbestc s'-

COMMET r~=vas //O -,i ad4 d'n -me -7 3 Y i

7.1.12

7.1.13

7.1.1.4

-7, 1. 5

Leak Rate - Leak rate = 3 cc/hr * nominal valve size = 3 * 3
= 9 cc/hr max design leak rate. (Ref. 5.22, p. 25 & Ref.
5.13)

Full flow testing - The valve cannot be full flow tested in
the open or closed directions since it would require an RCS
pressure of 2510 psig which is above the PORV setpoint of
2335 psig (Ref 5.8, Ref. 5.27, and Comment 7.1.9 above).

Bonnet overpressurization - All safety related active gate
valves that may be susceptible to thermal binding or bonnet
pressurization are evaluated in SOER 84-07 (Ref. 5.19,
attachment 1, p. 12) and valve 1-FCV-68-333 is not
susceptible to thermal binding or bonnet pressurization.

for CQt eoqAeoE"o~ fl< Sac af tz ,> -.- s se2<o

/rs 6asec on Hyp cesk.' ,pDeS65ore~ c-id' cd/oR74~(

Syst'em~'- decsc- 1 o 'Vcr anJ <C/- d(oCros.

n-

l t/ly-

XI,,+h
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7.0 CALCULATIONS (Continued)

7.2 Valve Design Data

VALVE DESIGN DATA

Valve Tag

Valve Con,

Valve Drai

1. Valvi

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

ValvE

ValvE

Valv(

Valv(

Seat

Seat

Stem

Stem

Stem

Stem

Disc

No. 1-FCV-68-333

tract No. 71C62-54114-1

wing. 115EOlO

e Serial No. 03000GM88FNHOOB-
00S710001

e Model No. 03000GM88FNHOOB

e Mfg. Westinghouse

e Pressure Class. 1500

e Size/Type, 3" Gate

Diameter Mid point of seat) 2.87"

Angle 70

Diameter 1.25"

Pitch 0.333"

Lead 0.333"

Travel 4.31"

type Flexible Wedoe Gate Valve

DATA SOURCE

Ref 5.13

Ref 5.26, .. 3

Ref. 5.25, a. -
Ref. 5.23, p P-SS

Ref 5.13

Ref 5.13

Ref 5.13

Ref 5.13
Comment 7.2.6
Ref 5.13

Ref 5.20

Ref 5.13

Ref 5.13

Ref 5.13

Ref 5.13

Ref 5.13

0

411-
1 1/1-1�ry
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7.0 CALCULATIONS (Continued)

7.2 Valve Design Data (Continued)

Comments:

7.2.6 Seat Diameter - The seat diameter (2.87) was determined bythe measurement shown of the valve drawing plus 0.25" (0.25"+ 2.62") (Ref. 5.13). 0.25" was derived using 4 times (forconservatism) the .0625" seat width used in DS-M18.2.21, pg4.
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CALCULATIONS (Continued)

OPERATOR DESIGN DATA

Valve Tag Number 1-FCV-68-333

Operator Mfg. Limitorque

Operator Type/Size SB/00

Order No. 378447B

Serial No. 205838

0301-112
Spring Pack No. 0301 11

Overall Gear Ratio (OAR) 36.2

Pullout/Run Efficiency

Stem Factor (FS 0.15)

HBC Size

HBC Serial No.

HBC Order No.

HBC Gear Ratio

HBC Gear Eff.

0.45 / 0.60

0. 0116

Not Applicable

Not Applicable

Not Applicable

Not Apolicable

Not APPplicable

DATA SOURCE

Ref 5.23, :p-Fl2o-

Ref 5.23, a-F+2-

Ref 5.23, ve~1-

Ref 5.23, - j
See Comment 7.3.5 I

Ref 5.25, p. 2
Ref 5.5, o. 4

Ref 5.18.2

Ref 5.18.3, P. 6

NO HBC UNIT INSTALLED

NO HBC UNIT INSTALLED

NO HBC UNIT INSTALLED

NO HBC UNIT INSTALLED

NO HBC UNIT INSTALLED

7.0

7 .3

1 .

2 .

3.

4.

5.

6.

7.

8.

9.

10 .

11.

12.

13.

5

,�4�j
�f,)5 --25
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7.0 CALCULATIONS (Continued)

7.3 OPERATOR DESIGN DATA (Continued)

Comments:

7.3.5 Determination of Spring Pack Capability - C 1

w
,-- -TVA DCN/'-12962-A (Ref. 5.5, p. 4) lists the] ins ailed spring
30l-~1l2 pack as404 113--. The torque switch setting char shows

torque switch setting 21 as -- ft-lbs and-2-as -24-G- ft-lbs
(Ref. 5.16, p.5). Themnimumtm 4 required to close the R1
valve Section 7.5.14- is 11,798 lbf (equivalent teefue is 137

f--tg , t--opn--to-2 I>-A-v is< 9 - (eqeiuval nt trque A 4 |

The spring pack is satisfactory for this application.
Qna t+ open At valveiswre
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7.0

7.4

CALCULATIONS (Continued)

ELECTRICAL DATA

Valve Tag Number 1-FCV-68-333

1. Motor Mfg. Reliance

2. ID No. 7 16275-XE-2

3. Start Torque 15 ft-lbs (rat )

4. Running Torque Not Listed

5. RPM 3400

6. Horsepower 1.9 HP

7. Volts 460 V

8. Running Current 3.5 A

9. L. R. Current 26.0 A

10. Duty Cycle 15 Min

11. Motor Code Not Listed

12. Insulation Class RH

13. Frame Designation P56

14. Electrical Cable Sizing Satisfactory

15. Control Circuit Logic Satisfactorv

16. Degraded Voltage Cond. Satisfactory

17. Overload Sizing T29 Satisfactory

DATA SOURCE

Ref 5.23, pq F129-

Ref 5.23, Z.

Ref 5.23, pq-F±29D---

Ref 5.23, n-S~---F t4
Ref 5.23, w-4 r--

Ref 5.23, z4-93-

Ref 5.23, Ad F129Dr

Ref 5.21, r- -4-8 S

Ref 5.23, -e--f-l2jr-

Not Listed

Ref 5.23, rqrl12D

Ref 5.23, D-z 29a
Comment 7.4.14
Ref 5.10, Dcs 7 & 30
Comment 7.4.15
Ref 5.9
Comment 7.4.16
Ref 5
Comment 7.4.17
Ref 5.21, s; 480
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7.0 CALCULATIONS (Continued)

7.4 ELECTRICAL DATA (Continued)

Comments:

7.4.14 Electrical cable sizing - Fefcroncc 5.21, page 180 lists the
< kd rtor current for this valve motor as 26 amps, thy,ful oad current as 3.5 amps, the cable size and nu rs as12 A for IV2451A and 1V2452A.

Reference 5.4, 528 (use of this calcula approved byRef. 5.10) shows derated 200% full d ampacity as 7.7amperes and the allow cable ampac as 26.6 amperes forcable 1V2452A

Reference 5.4, Appendix I e of this reference isallowed by Ref. 5.10) termined tha his cable (1V2451A) isacceptable because is similar to 1-F 68-332-B. 1-FCV-68-332 was fou acceptable when analyzed i rpendix H, p.30the derati actor used for 1-FCV-68-332 was (acceptableper Ref .28), the full load ampacity was found to 5.9amps nd the allowable cable ampacity for the 1-FCV-68er cable to be 9.4 amps.

The cable sizing for this application including its abilityto withstand locked rotor condition (Ref. 5.4) was evaluatedfor both cables. The cable sizing for this applicationincluding its ability to withstand locked rotor condition(Ref. 5.29) was evaluated using the full load and lockedrotor current and found satisfactory for cable 1V2452A. Thecable sizing for 1V2451A is based on a similar valve cable(l-FCV-68-332) and its full load and locked rotor currentwere found satisfactoryba(.zd o.the folo;in:-

e nd found accoptable fer thi: application.
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7.0 CALCULATIONS (Continued)

7.4 ELECTRICAL DATA Comments (Continued)

7.4.15 Control circuit logic - The valve is required to operate to
isolate the RCPA anytime that a PORV may fail open; Ref.
5.30, Attach. 1, r. 11a requires the Thermal Overload (TO)
Protection Device to be bypassed and the Torque Switch (TS)
to be bypassed in the closing direction during a DBE.

The electrical schematic (Ref. 5.9) shows that the TO is
bypassed by a safety signal; the valve travel is limited by
limit switch in the opening direction.and by torque switch

-wi 1h bypass in the closing direction. Vclvteve(11 /#,'r it /1.'t S,, < ;^C--g d.-4C , 3S-),

The control circuit for this valve meets its design
application.

. 7.4.16

a e

4241
I"te

Degraded voltage condition - Reference 5.17 shows that the
valve is located in a harsh environment and a reduced voltage
evaluation caused by elevated cable and motor temperature is
applicable. The maximum accident environmental temperature
is 3270 F (Ref. 5.17) which equates to 1640 C [C=(T-32)/1.8].
The minimum voltage indicated on page 180 of reference 5.21 '3

is corrected to 90° C for cable and 40° C for motor. -
motor te=rinal voltage gai) is detrmined usi-ng the
f=ollo.ing-rovided data and foemuvlae: se p5 W r

e, tv--o OC {e/qtev&osrce4+

S i,:
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ELUnATED TEMPERATURE EVALULAkT ION FOR:
, ,...I.. S TART TORI E. h.. 1.^t

ItflX ENJIRO1MENTAL TEMPERATURE
,..:::,. terpatvre (deg 16i.0 degrees C

MIOTOR ToTnL TEtMPERTURE
160.3 total fotor terperature

nLuJAT lOt1 OF LRA MRD LIT
: ;mx v LRA loss (Llnitorque 93-03)

15.0%actua I x LRA loss based on teip
21.9 adJusted LRA

) vax 1 TQ loss (Limitorque 93-3)
17.7Z/actuai I TQ loss based on tewmp

1Z.34 adjusted TQ

TERMINiA'L VOLTAGE EVlALUATION

AS FOlI.D 1-FCU-40-333-A

REUISED 1-FCU-60-333-A

1-rCU-60-333-A

MOTOR IRF(JrOATIOfl
.... I..:... I .

per (Ref. 5 3 )

VALUE IHFtPMTIOM ACTUATOR INFORMIATION
K:0., ,33.ld ***.g-

31.Zi high speed stem
i.Z7stroke time secs
0.11stroke tiae mins

EInLUATIOR OF olISFOSIITiOIFIG
4.3Ztcmp rise due to misposition (3 strokes)

EVALUATIOR OF UT (bLOCK us. IRDIUIDUAL) PER STROKE
block start (!yn): ... .......
block start (open.close): .
Individual start (open'clost:, .4h..

load FLI LRA LRPF Zq RA JXm Pilot Rc
1.90 3.50 Z6.0 0.90 102.147 9.1932 4.4525 0.23700 1.GZ34

O .Z150
1.90 3.50 21.9 0.90 1Z.1270 10.9143 5.2060 0.23700 1.OZ34

0.2150

JXc
O .0364
0.0077
0.03614
0.0077

Ind Ivdual
Motor
Start
4*S.2

41W.9

B lock
Rotor
Start

CLRRECTIOtl OF Rc, RK. AnD Xm FOR TEMP ERfATURE > 90 DEGREES CELSIUS FOR:

Uoltaige DlvldDr
unin =

formu lae:

ProuIded Data:

1-FCU-68-333-A

(Unin) = = UVcc x Zec / 2total
403.9Z

REJISSED ORIGIltL
0.0030a2 = Temperature Coefficient or Resisti

= Teaperature corrected RTR lopedean 15.9843 13.1637
= Teopcrature corrected MTH Resistay 15.0819 lZ.7062

1.2560 = Tetperature corrected Cable Resistance (Rcc)
= Total corrected Ir.pedance (Ztc) = 17.41Z1 14.8926

al = 1 / (234.5 * TI)
ZAc = t (Rmc)^2 (Xn)^Z 1^0.5
RIc = Rm ( 1- (all (Ic - Tm) )
Rcc = Rc ( 1 (al) (Tc - TI) )
Ztc = I (Rmc 1 R12cc * Roh )^2 (Xm * X12cc)2 l 0.5

1.C
0.0
G.z-_

440 = 1otor Control Center Voll REIM
= Motor Resistance ( IM ) : 10.9
= 1otor Reactance ( Xn ) = 5.2

'234 = Cable Resistance
1364 = Cable reactance
3700 = Overload Hiatcr Resistance
164 = Accident Environeent Temperature (degree celsius)
90 = Initial Teoperature (degree celsius)
10 = Initial Rotor Temperature (degree celsius)

DETERMINIAflOtI OF ROTOR CAPABILITY FOR:
36. 2 OfAR

.... 0i , un efficiency
0:..:5pull out eficiefncyg

115.2 idiluidual eotor start as found in IJBN-FEE8-MS-T060-0010 (Ref. S- 2

418.9now Indiuidual motor start based on reduced LRA
403.9ncw individual ,otor start voltage corrected for > 90 degree celsius ("I

Open direction Close direction -

ISED ORIGItt4L
143 9.1932
860 4.45z5

1-FCU-68-333-A

O.S781 0.8781
detemrination of voltage factor (UF)

0.7711 8.7711
determination or application factor (AF)

1 1

OM lING MOTOR CAPABILITY

155 ft-lbs.

* 7..t.- s 5
6

tecn factor

13362 Ibs.

tcruinal voltage ratio

UF = 1. ir voltage ratio >.9 otherilse = (voltage ratio)^2

AF=1, if teruinal voltage ratio <.9 otherwise = .9 (Ref. .. 5 .... 2.)

CLOSlttG MOTOR CAPABILITY - 1-FU{-68-333-A

207ft-lbs.(see section 7.5.2 for forulae)

based on stem pitch, lead, diaeeter

17845 lbs.

per (Ref___,__ _)

: : ,I -. .i . .

--~1--3--!
I-
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7.0 CALCULATIONS (Continued)

7.4 ELECTRICAL DATA Comments (Continued)

7.4.16

If rL ( \

Degraded Voltage Condition (Continued)

/-L(J-U uacUO -i . ,rlf\I

I - i T - - C- 1) 1 - - ILQ \ I

cc =440 volts = Motor control cenier VU ILdyt R . 1 -

= .1288 ohms = Motor resistance (Ref. 5.21, pg 180)

Xm = 8.1 7 Ohms = Motor reactance (Ref. 5.21, pg 180)

Ro= 1.0234 ms = Cable resistance outside containment wire

(Ref. 5.21, pg 180)

Xc= 0.0364 ohms X able reactance outside containment wire
ef. 5.21, pg 180)

RC= 0.2150 ohms = Cable esistance inside containment wire
(Ref. 5 1, pg 180)

XIC 0.0077 ohms = Cable react ce inside containment wire
(Ref. 5.21, p 180)

ROh = 0.237 ohms = Overload heater reX stance
(Ref. 5.21, pg 180)

T, = 1640C = Accident- environment temperatur ins:
(Ref. 5.17)

T,, = 90OC = Initial cable temperature (Ref. 5.31,

Lde containment

"'-g 2)

Tjm = 40 0C = Initial motor temperature (Ref. 5.2, pg 1

- - - ;-- A -A A -) 4 -

-L ov ;
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7.0 CALCULATIONS (Continued)

7.4 ELECTRICAL DATA Comments (Continued)

7.4.16 Degraded Voltage Condition (Continued)

Nrmulae

Vmin 0 )__*_(Z,,j (Voltage Divider)

(Ztotal-corrected)

a1 = / (234.5 + Tj) = Temperature coefficient of resistance
(Ref. 5.14, pg 15-5)

Z.,:= [(Rm+ (Xm2) 1/2 = Temperature corrected motor impedance

Rm. R (1 + ( * (T, - T1,)) = Temperature corrected motor
resistance

R,, =R c * (1 + (a) *(T TM) ) = Temperature corrected cable
resistance

Ztotal-corrected [ (Rmc + RICC + c + Rohc) + (Xm + X+ XC) 2] /

Calculations

a, = 1/ (234.5 + 90°C) = 0.003082/°

R= 6.1288 ohms (1 + (0.003082/°C)*( I0 C - 40°C)) = 8.471 oh.ms

Zmc = (8.4712 ohms + 8.17172 ohms)'/2 = 11. o

RICC = 0.2150 ohms (1 + (0.003082/°C)*(164°C -

Rc0 = 1.0234 ohms

Roh = 0.237 ohms

( Ztotal-corrected)

hms

)C)) = 0.2640 ohms

= [(8.471 ohms + 0.2640 ohms + 1.0234
0.237 ohms)2 + (8.1717 ohms + 0.0364
0.0077 ohms)2 ]" 2

= 12.939 ohms

jj/,-�Jjq
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7.0 CALCULATIONS (Continued)

7.4 CTRICAL DATA Comments (Continued)

7.4.16 De rad taoe Condition (Continued)

V.,. (440 volts) (177
1.939 o.vlt

The valve oper t deliver sufficient thrust que tothe val ng degraded voltage conditions to perform itf-L ion (see Section 7.5).

7.4.17 Overload sizing - References 5 .2 2, p 180 and 5.24 Attpchmcnt
.12212A, p. 44 determined that an overload size of T29 isrequired and is installed. The correct heater is installedI for this application.
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations

7.5.1 Valve Requirements

Calculation of Piston Effect Load - Fp

Fp = P * n/4 * d2 (Sect. 3.1, pg 2)

Where:

P = 2335 psig = Closing maximum line pressure (Sect. 7.1.9)
2733'

P = 2-5-1- psig = Opening maximum line pressure (Sect. 7.1.9)

d = 1.25" = stem diameter at packing (Ref. 5.13)

n/4 = 0.7854

Fp Closing = 2335 * 0.7854 * 1.252 = 2865 lbf

Fp Opening = -2-5 * 0.7854 * 1.252 = 3g8- lbf
Z73Y

Calculation of Packing Friction Load - Fpack

FpaCk = 1000 lbf * d (Sect. 3.1, pg 4)

Where:

d = 1.25" = stem diameter at packing (Ref. 5.13)

Fpack = 1000 * 1.25 = 1250 lbf



EBASCO SERVICES INCORP RATED

SHEET 29 OF- 39SUBJECT: DESIGN BASIS REVIEW AND THRUST/TORQUE CALCULATION FORRANCH/PROJECT IDENTIFIERS: MEB-WBN-68,WBN-68-DO53, 
EPM-PJA-0

8 0 5 9 2PREPARER: P. J. AntonvichCHECKER T._Snead 

DATE: /Z1z 2Z

7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)
7.5.1 Valve Requirements (Continued)

Calculation Closina Differential Pressure Load - Fdp

Fdp= dp * 7c/4 * D2 * FV*[cs 
-(.*inp)(Sect. 3.1, pg 3) cos sin

Where:

n/4 = 0.7854

dp 2335 psid = Closing differential pressure (Sect. 7.1.9)D 2.87" = Seat diameter at midpoint. (Sect 7.2.6)
FV 1.2 = Valve safety factor (Sect. 3.1, pg 3)
A =0.4 = Valve friction factor (Sect. 3.1, pg 3)70 = Wedge angle (Ref. 5.20)

.4
Fdp = 2335 * 0.7854-* (2.87)2 * 1.2 * [cos 7 - (.4 sin 7)]
Fdp = 7,683 lbf
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)

7.5.1 Valve Requirements (Continued)
Calculation of Opening Differential Pressure Load - Fdp(Sect. 3.1, pg 3)

Fdp = dp * t/4 * D2 * FV * [cos 4 + (4 * sin ())]
Where:

it/4 = 0.7854
2-73L( 

2'dp =-S± O-psid = Opening differential pressure (Sect. 7.1.9)D = 2.87" Contact seat diameter (Sect. 7.2.6)
FV = 1.2 = Valve safety factor (Sect. 3.1, pg 3)
p. 0.4 = Valve friction factor (Sect. 3.1, pg 3)

70 = Wedge angle (Ref. 5.20)
Z 73 7' 1 . 9

Fdp = * 0.7854 * 2.872 * 1.2 * [cos 7 + (.4 sin 7)]$ Is-3
FdP = b_ s lbf

Calculation of Required Closinc Thrust - Fr
Fr = Fp + Fpack + Fdp (Sect. 3.1, pg 2)
Where:

FdP = 7,683 lbf = Differential Pressure Load
Fp = 2,865 lbf = Piston Effect Load

FpdCk = 1,250 lbf= Packing Friction Load
Fr = 7,683 + 2,865 + 1,250 = 11,798 lbf
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)

7.5.1 Valve Requirements (Continued)

Calculation of Wedging Load - Fw (Sect. 3.1, pg 5)

(1 - (L * Tan 4)) * XF, = Fk * fw * FV * [Sin 4 + (j * Cos 4)] [Cos 4 + (L * Sin I)]
Where:

fw = 0.6 = Wedge factor (Sect. 3.1, pg 5 & Ref. 5.13)

F, = 1.2 = Valve safety factor (Sect. 3.1, pg 3)
1 = 0.4 = Valve friction factor (Sect. 3.1, pg 3)
4 = 70 = Wedge angle (Ref. 5.20)

Fpack = 1250 lbf = Packing friction load

Fp = 0 lbf = Piston effect load (In order to account for a "hard-seated" valve closed with no line pressure a zero value is used.)
Fdp = 0 lbf = Differential pressure force (In order to account fora "hard-seated" valve closed with no differential pressure a zerovalue is used.)

Frmax = 1.15 * Fr = 13,568 lbf = Maximum closing stem thrust11,798 lbf * 1.15 (Sect. 3.1, pg 5)

Fk = Effective unseating force = Frmax - FpaCk - Fp - Fdp(only closing values) [Sect 3.1, pg 5] 13,568 - 1250 - 0- 0 = 12,318 lbf

(l - (0.4 * Tan 7)) *Fw = 12,318 * 0.6 * 1.2 * [Sin 7 + (0.4 * Cos 7)]

0.4
[Cos 7 + (0.4 * Sin 7)] = 6,243 lbf
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)

7.5.1 Valve Requirements (Continued)

Calculation of Required Openinq Thrust - Fr

Fr =Fdp + Fpck + Fw - Fp (Sect. 3.1, pg 1)

Where:

Fdp = -,48 lbf = Differential Pressure Load (see page 30)

Fpack = 1,250 lbf = Packing Friction Load (see page 28)

i Fw = 6,243 lbf = Wedging load (see page 31)
235S

Fp= =-, od lbf = Piston Effect Load (see page 28)
'StS3 .33.SZ j2 sty./

*Fr = -4&J + 1,250 + 6,243 - = Al, lbf

Calculation of Required Operator Torque - Ator

Ator = F * SF (Sect. 3.1, pg 5)

Where:

Fr = 11,798 lbf = Closing Required Thrust

Fr = 11,-4& lbf = Opening Required Thrust

SF = 0.0116 = Stem Factor (Ref. 5.18.3). Where: Coef. of friction= 0.15 (Sect. 3.1, pg 5); Stem Pitch = 1/3 and Stem Lead
= 1/3 (Ref. 5.13)

Atr (Closing) = 11,798 * 0.0116 = 137 ft-lbs

Ator (Opening) = !±,69* 0.0116 = '3 ft-lbs
/z- zjl

/L Z91 /5

t~ I7 (M
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)

7.5.2 Operator Capabilities

Closing Operator Torque Capability - Ator & Athr

Closing A,, = MT * OAR * AF * RE * VF (Sect. 3.1, pg 6)

Closing Ath, = Ator / SF (Sect. 3.1, pg 6)

Where;

= 15 ft-lbs = Motor Starting Torque (Ref. 5.23, pg F129D)

OAR = 6.2 = Overall Gear Ratio (Ref. 5.25, p. 2)

AF = 0.9 - plication Factor (Ref. 5.18.1)

RE = 0.60 Ru ing Efficiency (Ref. 5.18.2)

VF = 0.7561 = Volt e Factor (87.0% (400.0/4601 available voltage
square see Comment 7.4.16)

SF = 0.0116 = Stem Factor ect. 7.5.1)

Closing Aor = 15 * 36.2 * 0.9 * .60 * 0.7561 = 222 ft-lbs

Closing Athr = 222 / 0.0116 = 19f1

(se pr 2 )S
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)

7.5.2 Operator Capabilities (Continued)

Opening Operator Torque Capability - Ator & Athr

Opening Ator = MT * OAR * AF * PE * VF (Sect. 3.1, pg 6)

Opening Atr = Ator / SF (Sect. 3.1, pg 6)

Where; 
R3

- 15 ft-lbs = Motor Starting Torque (Ref. 5.23, page F129D)
OAR 6.2 = Overall Gear Ratio (Ref. 5.25, p. 2)
AF = 0.9 pplication Factor (Ref. 5.18.1)

PE = 0.45 = Pu out Efficiency (Ref. 5.18.2)

VF = 0.7561 = Volta e Factor (87.0% (400.0/460) available voltagesquare , see Comment 7.4.16)

SF = 0.0116 = Stem Factor X t. 7.5.1)

Opening Ator = 15 * 36.2 * 0.9 * 45 * 0.7561 = 166 ft-lbs

Opening Athr = 166 / 0.0116 = 14,310 1

(see p 2VR)

I' ltq
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7.0 CALCULATIONS (Continued)

7.5 Thrust/Torque Calculations (Continued)

7.5.3 Weak Link Calculations

Valve Weak-Link

The valve manufacturer (Westinghouse) analyzed the weak link
component in both the open and close directions, and calculated
their maximum allowable thrusts (Ref 5.15). Although no detailed
sub-component evaluation was provided, the conclusion is that the
most limiting components are:

WEAK LINK COMPONENT MAXIMUM ALLOWABLE
LOAD

OPEN DIRECTION Disc 23995 lbf

CLOSE DIRECTION Disc 36733 lbf

Operator Weak-Link (see Ref 5.18.4, p. 3)

Maximum Allowable Operator Output Torque (ft-lbs) - - - 250

Maximum Allowable Operator Output Thrust (lbf) - - - - - - 14000

(Ref 5.34) 19,600

R2
d'I/Y/fY'

Afj Aq
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7.6 WALKDOWN DATA

Walkdown data has been previously performed and is documented inTVA EQ Binder WBNEQ-MOV-001 (Ref. 5.23), "Environmental
Qualification Documentation Package." -
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8.0 SUMMARY OF CALCULATION RESULTS

MOV Tag Number 1-FCV-68-333

Required Thrust/torque (Section 7.5.1 and DS-M18.2.21 Section 2.1) e7
) Z, aa 1 /3

Open: l±, 89S lbf/a-5- ft-lbs Close: 11,798 lbf/137 ft-lbs
opc ei45 ht cf zo, co IWZ/-, Se - lb.

Seismic 44-e which addke-e maximum thrust/torque^:

I -- -T h- - r - - I

! 1rDartt , -(RI!S ' - 3 92073C 983)

Motor Actuator Capability (Section 7.5.2 and DS-M18.2.21 Section

2.2) 1/3 6 5-

Open Thrust/torque '',3 10 lbf/14E ft-lbs
Close Thrust/torque 3-138 lbf/SE/2-2 ft-lbs

Valve Allowable (Section 7.5.3 and DS-M18.2.21 Section 2.3)

Limiting Component Open Disc
Thrust/Torque 23,995 lbf/278 ft-lbs

Limiting Component Close Disc
Thrust/Torque 36,733 lbf/426 ft-lbs

Actuator Allowable (Sect. 7.5.3)

1 9, 600
Thrust/torque -', 7 Clbf/250 ft-lbs

Spring Pack Torque Band Capability -
Close Direction Only (Section 7.3.5)

Min. 176 115
Max. 2O- 185

RI

6~,! 7

( P-e4d S s3 /)tllmanF

~~~~~~~~~~~~~ e , ju eC ,a1
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8.0 SUMMARY OF CALCULATION RESULTS (CONTINUED)

Thrust/torque Band Open Min. 1-9-53 lbf/-3l- ft-lbs
Max. 1M,00G--lbf/ I- ft-lbs

?t Y / 4, 3 i!t, 3 336 L s"trify
Thrust/torque Band-Close Min. 11,798 lbf/137 ft-lbs

- Max. -10e lbf/.2-2t ft-lbs

IS MOV ACCEPTABLE FOR THE APPLICATION? Y (Y/N)
If "no", enter reference to design change document: NR
Comments:

The torque values were obtained by multiplying the thrust and stemfactor i.e. 23,995 * 0.0116 = 278 ft-lbs.

The minimum torques and thrusts in the open and close bands arebased upon the calculated valve minimums.

The maximum thrusts in the open and close bands are based uponGotatc: wee* link thuc -. the calculated actuator capabilities.

The maximum torques in the open and close bands are based upon the K2calculated operator capabilities. 
I

The torque switch band envelopes the minimum required operating 9torque in the close direction, and is, therefore, satisfactory withthe installed spring pack.

The minimum required torques are for information only and actualoperating torques may be less, depending upon lubrication and otherfactors.

If /6k'
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9.0 CONCLUSIONS

A design basis review has been performed and the requiredthrust/torque has been determined per the methodology specified inMechanical Design Standards DS-MI8.2.21 & DS-M18.2.22. Thismethodology determined that the motor operated valve l-FCV-68-333is acceptable from a design standpoint for its application as theReactor Coolant System Pressure Relief Flow control Valve (TrainA).
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MOV RECONCILIATION
WATTS BAR NUCLEAR PLANT UNIT 1

non-shaded is calc input - other is tracking data 30-Jun-95 I itigc I
Vats UNID: Cinsirooirolcircuit

10INI'UT: (cncral Information 1 -FCV-68-333-A Limit

Vslvo Intfonaation Closing T.S. wired in parallel to closing LS. TSS 1.0

i urer WESTINGHOUSE se- i),,,eter 1.2500 i-cIes

SIze 3.00 |imiCbs~ Meat, Sent iaboeter 2.87 bicies

'ressure c : :l 500 Sent A-ngle tel,) 0 degre0

Di-cS SlFWG cc.sl C 99', s

ste,, Orie-iwiio, ' VERT` tt(tln ) (.02]9

Valves Sit,,, L.ead 0 3Vitlee Si etahVtl, 0.3333 ItilcI,. iL s

Aeluator lsifo rail nijaiti | l loIoolertcas f)I' osl ai Intajilinta Nueblstra) .

|iMatutacurer Umitorque 0 T76 940614 847

-ryl S B I ooe T 76 940623,851-

|MOV Design Basis Review Calculation I
CttluliioNuttther EPM- PJA -080592 'REVISION 4 ' 7

Fv:d cir i 0.4000 S itO/Siettt Nult lrici-ott l'ac-t. (-,) (SF:) :0.01 16

Cl-4il8 Dir-eli-l iop.d!g Directi n

Moior Cbpability 17845 It. Motor Capitlility 1 3362 lit

Motor Ca peilit | 207.00 |-ltnb, _ Molor Cn *ltiliiv 155.00 n-Ils

Actutiru Limau 19600 bIs AcLutsl- Cajtabiiiv 1 9600 bIs

Aciunioc Liali 250.00 fi-lbs Aciut-tor G.qtbdiiv 250.00 fl-lbs

Vtlde wV-nk Littlk 36733 lln Vtlse CnpsANlitv 23995 lbs

V.t I- -e1,t Littkl 426.00 fl-lbs V,,ie Capt Itlltv 278.00 | ft -it

S Ssimnic LUinil 20000 lbs Seistmic Lituit 20000 Ibs

Seismic LiUnit 250.00 L-Ilb_ Sei'smic Li-liL 250.00 f:-lbs

Diffitei.il Pres-ure (DP) 2335 p.id Differeoisl I'ressars fDI':l 2734 id hl

1s.uirdcnoul t :us 11798 ltbs _ _equired Tlttvstj 12291 it.

11"uired Torque 137T00 fl-ibs Re lquire-lTorquej : 43.00 1f.

Pistoti Effect 2865 lbs| I
tisio 1 flflt| 3335 its

ackbing lo:td | 1250 l bs R!litig Lo.d 12501 11

DlP Lond | 7683 |l.bs | j Uttrettiitti L.:.d 624 3 16

I i DILoad 8153 Ibs

Static Test Information !
S :tnicTetl. Line Pressut- 0 IsiF (ASSUNED Si!, Facior El CST : 0.00801

dloss,8 Diretit II op-k~ittg Di-rotiot

A-e RuIit Lsd. [I)l 1 506 Iss Aw RuaugIoud.111 1331 ILb

i prusi CSTr fc 15514 lit. U seatingI.oud. IJII 6268 lIe

TorquvCsr I l 123.64 |t-lb 1 Un-se:tii, l.o0d.l 46.54 i|t-Itb

Total. Il.'fll- 16669L l b Tot.l ItItl. Ill 131.4 fi-lb

Totnlru1 lFLlll 16494I I!F -i l'iualIllI 126.38 ft-lb11

DP Test Information 1 o10'. Full OpIet | N/A gpt

M;saintsuna DP t-st -oidiiot, | 2211 |sid 1 Line Pr . Full 0 t 2244 s,

-Clo4ig Diratiau, Ojtstttiug Dir-tetiot,

"'dClositigTltr1st1Fl1 13833 l MecaOurd -Pltrus. Opetig[Kll 4763 lbs

Req dclosiujTorqu -[F 118.62 In-lbs iMesured Utli-atai tlnlst. 01)e-4ign J I 9140 lbs

Thrust lp CSTC" iu gfGII 1 4183 lbs ! Me-sured DI'Torque. OpettingfK)I 49.73 ift-lb

Torque @ CSTClosIn.[Glj 121.36 if-iLb I Metturd dU.iseitiungTorqu-. OpetlitIglJ I 62.51 Ift-ibi.

Cloait, 5 Iirsctios, Closie t Dir-tios,

Totl.ePl.. II11 154091 lbs 1otal el.. II 135.05 f-lbs

Total FiuL[ljj 15234 lbs. Total Fiutl. [I 128.21 filbs |

DiagnostiFEiguipment EFrrrD,,etemination _ _I_-=__ _ _

c I N I j | MO\
t
ATSDi;., Ss /I.qui Error I 30001

I If SMART srEMr_ .. C -pta I N/A lbs.

SNIA RTST-I:Ml I N ! I If SMAR'I- STEM. Cptctily = | N/A I ft-lit..

IfT.S. Repe-ttzbiltiv spipltes. As Left TSS =j N/A I ! If SMART STEM. Cn, Ref N/AVI - N A !

PREPARED BY: <-i.2ZX- 71/,,./qA

CHECK BY: -7 7a/9-r
THIS PAGE ADDED BY REVISION i
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ATTACHMENT 2

MOV RECONCILIATIONh 
WATTS BAR NUCLEAR PLANT UNIT 1

2 .0 C l o g j n S tr o k c R c rn c i li a.-
DIIR r 

DIIR C - RecddJ., t 
e-ma~a1 Tout Dat.

Mniimum, Requited Thrust I 7~9ti It 
142 

lhb.mLo. =c 2 
Pson Iffcd from 

DI 
I R Cicjjon4 | 2I 'nckinl hc 1250 lb. 

Averny pncin 'Loud Soctijno, 8.0..r A) 1419 lbhSet ed i- 0.4000 
Sct Contact. Scat Wed Frition Fncor VP 0228

-fstn Led Pe 'ur: 
I ond Scn.itive Ikhehvior (ROI N/ASem Facor SI' )1 DlCntc lstin 0.01161 

SI| Sl~ttic CSTlG~ 0001t0l
-iSP 

@ Dl' PT G 0.0086 -.S l:@ R eq uired C o T h. D P T e t 2 ': 0.008 6MARG-r IfVAl.UA-1ONS OF DP 1I1ST DATA AND D1k cAl1CtJIA-lON D, DATA
S a 4 

CSTToh a Mar ': -3 ft-lb.CS rust 

2.6: 

24 1

"CStT er qe c: - 2.6 % nMct)odol TM
ar c: -41FJ lbMMethedoloi Margie: --26.2 | 

hu4CPtiieMrn: 
186 lb.%

.- 
|ThrqusCe 

abilit7'i Margi: h-l.7 %-TorqucC.. 
bilirvMar- c: 70 t-lb.i3.0 0 nirg Strokc Rcconciliati n 

-SE .ON POIN r: Dr
ii 

i ,, , 
-- 

ciredl 

dle 

7 
3 n , ,r 1229 lb .>

c u Minim,,R, d rDTc 
43.03 fl-lb.t 

Reorledhr`ua: 
10966 tl.

tuK irdRconcldle 

Torc 7.0ft-lb

piPulon Effcct ld: j 3333 lb. 
Pision Effec (from D)IR Calcultion 

3335 lb.
-- sdn tk Load 

(5011b. Aver,, Pckeit gLoad Sction 8.0.ate 3A: 1419
__ __ _ __ _DPoc] 

b.ndo1) - v~ i,+ pf 7471 bS W e rt F t VI' : 0.403 
Se tr 

044St.Fcton
I-S 

e f o r S F ): } 0 .011 6 | 

S F @ h t,.jk d O c ni,, T b : | 0.0 0 6 8 J
tAkGIN RVAI iV A17ONS OF Dr 1DP15T DATA AND DlkR CAU L~ ON DATA

M-r *n: 228lb. 
ThruoC., lilti bat ,,' 1299

To. 

.
-palil 

iyMar Ri: 1%

1. F- OP tes pressureiit~ni 

87 

DB9rsueRcnie 
hutMXo

(STAPTIAG INDICATION OY UNS l SISPACtI ORY LaRGINS (DeROs IEMa or AO StR

D[JOsA t d 

Snroke 
A S 

- -
J 

-
t D

PREPAREDED 
u t ermine ltheoening eoi Ohrust.

CHECK BY: 
THIS PAGE ADDED BY REVISIONOPENING RECONCILED THRUST METHODS:1.For DP test ptressure < DBR pressure; Reconciled Thrust = MAX of

t DP P~I - AveAv jStatic Run Load} (De~sign DP/Actua) DP) + Av Stai Rui- a{ DP JKJ - Ave Static Run Load (De~sign DP/Actual DP) + Ave Static Run Load^indicates METHOD used to determine the opening reconciled thrust.



EPM -PJA-080592 ATTACHMENT 2

MOV RECONCILIATION
WATTS BAR NUCLEAR PLANT UNIT 1

5.0 Remrarks:
A. Differential Prcssurc (DP') tcsting Was performcd at 95% of thc closing DI' and at 82% of the opening Dl' used in thc W13N

Design Basis Rcvicw (D B R) Calculation.
B3. Thc closing Load Scnsitive licihavior (t OL ) tcrm of "N/A' indicates that the valIvc is limit' swvitch controlled a nd R 01 does

not app;ly.

C. Thc stcm factors arc shown to be conservative when tcst results arc compared to thc calculated valucs.
D. Thc packing loads arc higher duc to high static running load and arc based on average static running loads.
1-. Thc unseating force during thc Dl' tcst is higher than the DlR unseating load. but adcquatc margin exists to thc opcn

motor capability.

1. Tc ca Iculatcd scat wedgc friction factor (Vl ) for opcn i ng is highcr than) thalt uscd in thc D131t calculation,) ibut adeq laItc
moargin exist betwccn recoitcilcd torquc and thc opncing itiotor cal)a)ility and this VF rcfIccts thei act ual DI' testcdconditions expcric)ccd at Ihis high prcssure.

G. The calculated scat wecdgc friction factor (VP) for closing is higher than that used in the D13R calculation. but adequate
margins exist between reconciled thrust/torquc and the closing motor capability.

H. The PROBLEM flags in the ciosing direction betwecen the reconciled thrust to the CSTtrip thrust and the reconciled
torque to the CST'trip torque intdicate there is no margin, but this valve is positioit scatcd with thc position of the valve
stem monitored to ensure the valve is hard scated cach timic the valve is stroked closed when the 'limit" switch trips
the valve. Adequate margins exist above the CST to the motor capability aid to the maxinunlm limits.

I. The PROBLEM flag in thc closing direction for Methodology Margin indicates that the reconciled thrust is greater than
the calculated miinimuni required thrust in the D13R calculation. This is influenccd by the high DlI' effect force experienced
during the Dl' test, which results in a high closing VP anid reconciled DP Load componcnt. The reconcile( DlI' Load
Comp)ol)enlt is in uch larger thai the valuec calculated in the DBR.I lHowcvcr. adequate margin exists betwccn thc
reconciled thrust and the closing motor capabilit'.

J. To take into account the 'Aging Issue'. adequate margins exists to allow for degradation of packiiig coefficients,
partial loss of lubrication. wear of valve/actuator's intcrnal parts, and an increase in valve's surface friction coefficicits.

6.0 Conclusions:
A. The valve's final setup is acceptable. DJ3R Calculation friction factor (with exception to the closing VP) and mcthodology

arc proven to be conservative with adequate margins.
B. By successful stroking of the valve (including indicatiozt of flow isolation) during the DP test, and by adequate margins inthe reconciled test data, the valve's operability has been demonstrated.

7.0 Rccommcndcd follow up actions:
None.

PREPAR ED BY:/$/ //

CHECKED BY:

THIS PAGE ADDED BY REVISION _



EPM-PJA-080592 

ATTACHMENT 2

MOV RECONiLii5ON
WATTS BAR NUCLEAR PLANT UNIT 1

I -- 

3 9-Jun '.95 Pu e'ag 4

8.0 Dctcrmination of Pac kin oad 

-

I-OValeUNI 

A
Packin Load Static Test 0 en 8 Close, Ibs (LinePress 

A1506 |- A RL SC - Arc R unning Loud Sta6ic Close. Ib.. *D=1331 AlI.SO Ate tunnin oud S'utic 0 pa. tbt. Li2A Pis to l oad Static Test IN L ST ). lbs Pin c lressur c S 'l' is k ow n and not = 0 U sed in Packi n Lo ad2B 'J T - 0 0 - 1'ulLoad Static Test - STI.1' x PI x SI) x SD /4
28 ackn Load Static Tet, lbs Line Pressure, STLP, known & not =

1506 - I'ack Load Stutic Test Close - ARLSC - PNLST
13--31 - t 'u Lohd S111c'IeT 0 a - A ltl.SO - I'NL.ST

stimaled Packing Load Static Test, bs (Line Pressure, STLP is not knownISiCr .
* 

A(IO 
-1 + *L- /2

Estimated Piston Effect Load StatIic Test, lbs (Line Pressure is not knownl3CI'NLSI' 1 |-(AIU.SC= ALSO)A
2 - (1) - 1. )23 stimated Static Line Pressure orom Piston Effect Load, lbs S T_i 

S 
t 

Jxt'4lNtbi- }/ lxE2sp,7 
9. OA OPENING RECONCILED EVALUAION

9.0 Miscellaneous Intermediote CalculationsUnscai
. oa dtin rection DI test 

-= = 
0 96 Ibs.

.L7 
Is O v 

-cc-nclued Unsecjin Tb - Measured I)P TIt7-

!tns,.1nu Load < 0 then assi It as f0t o~cidUnai:Laosl

OPint 
DP': Point R Dl': PoinJ STAIIC:

Max Re 'do nine Tot Se to ocer)l'ON 
- K 

62.St 49.73 46.54ft-lbsy

Max Req'do alain Thrust to overaome 11' GRISA'nl-lOF POINTs I &l: K 
0.0065 lbs 

07 -
Piston Effect basedon DPTestLinePressurn Fall 0 - 7 lbs
10.0 E0ui ment Error determination
O Oss - ThrusSen q 

ripError|YES 

9.8 Rd 
-n -

- u Ser 

8IZE 

=
TTS - Tohrt S Snsor/K ul Erro 

0. o %Cadin 
000 67 Ibs.

SC - Thrust lSentsor/, Error 
0 lbs. | 

1 
-1

ssT - Tarnuesenaorlp ai r~rror 
| 0.0 lt-lbs -- 

00 I 2 00Ibs. 
t

S ,. S 

0 

-

r Sso/ 

u. E.clbs.

i OVATSD OSvs/E. CrrorIC000 2.0 % Readinq |000 
lbs.

T. S. Reatbilit Apml NO 
0 en 

0 .9 ftl-lbs
a be below

1 9 
i$3. 0 -lbsS u m i a tio n ao rt' l ' s ta n t lirro r clP r5 

'

I - 1- - - i - t ~ ~ C A S E V A L U A T I O N A s L e ft | ezeI -1- - - 1- >'° !0 CASE1 2 <50

Rt.''Rt'j~:5  T7 3II 489. NO VATFS EUR 5.0

PREPARED BY: -Z 2W' IM'/C4e

CHECKKBY: 7?L f I- 7/z/F/57
THIS PAGE ADDED BY REVISION if
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WBN DYNAMIC TEST OF MOTOR OPERATED TI-85.012

1 VALVES PROVIDING PORV AND RCP Revision o

SEAL RETURN ISOLATION Page 39c-of 66

l t .Date

Data Package: Page _ _ of

6.1 Test of I-FCV-68-332, 1-FCV-68-333 (Continued)

[74] CALCULATE maxiimum differential pressure (DP)

across 1-FCV-68-33
3 using information from traces

on multichannel recorder as follows:

Col 1 Col2 Co3 Col4 Col 5 Col6 Col 7
!II I ALS

1-FCV-68-333
STROKE

DOWN STRE
PRESS
(PT2,
psig)

O?

'G5

DP (psid)
(Col 2 -. Col 3)

Z2 y

90%
DESIGN DP

(psid)

2260

2100

-75%
DESIGN DP

(psid)

1880

1750

INITIALS

VERIF BY

I_1 yR

ji-,

[75] IF Col 4A or AB < 75% DESIGN DP, THEN

INDICATE in Chronological Test Log that data for

this valve may be outside of range for

extrapolation to 100% DP condition.

[76] RESTORE automazic initiation of Safety Injection,

as reauired:

A. 1-HS-74-lOA in A-AUTO.

B. 1-14S-74-20z. in A-AUTO.

C. 1-HS-63-1OA in A-AUTO.

D. 1-HS-63-15A in A-AUTO.

E. 1-FCV-63-25 CLOSED wi'th power restored.

F. 1-FCV-63-26 CLOSED with power restored.

7,

D7

mDVp-b-

D~

Ooer-azions

T785012.FNL

P A G E C',2':0 F

UPSTRM
PRESS
(PTl,
psig)

Date /J/ (- C /g

A OPENING 12 2 "/-

B| CLOSING -7 Z //

... 1 . . ..- ..... - - I .. .I .. -- .. - .3 , I ,,,

', ! ' . .: 'w],- --- --
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MOvA:S TESTIhc OF

0 T O-O PF TD v- VE S

TEST DATA SE`ET

.-0.6 , >\C
Revision 6 rca. ,>-
Prge 15 of 34 '

APPENDIX A
Page 1 of

j 9y F6/Y 47
PAGE @4i7 OF 61

Valve ID ( O /0 33 35 A- WID No f/ //1 jOZ

SECTION I: SYSTEM INFORMATION

NOTE 1 For Static Test, use sections 2, 3, 4, & 5.

NOTE 2 For Differential Pressure Test, use sections 2,.3, 6, 7, & 8.

NOTE 3 Circle Test Performed below:

A Static . . . . . . . . . . . . G.O TO Section II if Static is circled.

B. Differential Pressure Test . . COMPLETE Section I DP data below.

Flow Rate: GPM or LB/HR (
Pressure Upstream Open: PSIG - sure Downstream Open: PSIG

Pressure Upstream Closed: Pressure Downstream Closed: PSIG

Average Fluid Tempera __Deg F

Flow Instrunme curacies: _. FI Number_ _ PI Number_ _

Ele F_ above sea level.

SECTION II: PERFORMANCE SECTIONS

Motor Current Signature Acquisition.

Switch Monitor Signature Acquisition.

Spring Pack Monitor Signature Acquisition.

Spring Pack Calibration.

Torcue-Thrust Setpoints Adjustments.

Torcue Thrust Cell Signature Accuisition.

Quick'Stem Sensor Signature Acquisition.

other:

3

3

RECORD the vendor Calculations used in section 6.1.

rtt% A 4 115~ I -A6l

tWe *4I?)'eLKP ? t7-H5<A 1 2L.{Kb-A

/ I-YEE

--- - - -. .. ---- ---

0501j-
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PMOTOR-OPEF'ATTED VAL VES

e~-~ 2,c•' Z-~

.K-. - -v -- I

Revision 6
Page 16 of 34

APPENDIX A
Page 2 of 5

s //( TEST DATA SHEET 910113502

7GT 9ATRA/b0 OF7
SECTION III: TARGET THRUST P AG E 0 48 OF 61}

Target Thrust Determinetion Trip ijn sI t r Ie
Required Minimum Thrust at Torque Switch Trip:

Test Equipment Accuracy # 1:

Adjusted Minimum Thrust at Torque Switch Trip:

Guaranteed Maximum Thrust at T.S.Trip:

Test Equipment Accuracy # 2: ID

Adjusted Gu-ranteed Max. Thrust at T.S.Trip: C

Maximum Total Thrust:

Test Equipment Accuracy # 3: (C)

Maximum Adjusted Total Thrust:

Target Thrust Window

Minimum Target Thrust at Torque Switch Trip:

Maximum Target Thrust at Torque Switch Trip:

Maximum Allowable Total Thrust:

Rapid Impact Overload Criteria:

Closing stroke
11, L2- LBS

i IS_?_E LBS

I LZZ- LBS

| jaoQ _LBS
0 .,

1L YD LBS

( 5c I Zq 75 LBS

! i27z LBS
C7L@th (7&1 1 C)g LBS

Al

(9

SECTION IV: STATIC TEST

Static Test As-Left T-rust Verification

Average Runingr Load:

Thrust at Torque Switch Trip:

Total Delivered Thrust:

Static Test .As-Left To-oue Vei:iceton

Torcue at Torque Switch Trip:

Total Output Torque:

Static Test As-Left Ssrint Pad: Disslacement

Available Displacement:
Displacement at Torque Switch Tri?:

Total Displacement:

Stem Eactor:
iorque S-itch Setting AS LF-T

Rapid Impact Overloadirg Test

Onenine stroelCiosife Stroke

Ii IS1>5 LBS

LBSI '

1 FTR I -LBS
! A ' ' FT-LBS

. ir.
I In.

Ik >tr UI SkI ,

( I *~L"I

NtA I ..

S AT N L UNS A T N '~,

EN GIEER hate

3.

0501j

. - 7 ; ,
: ; I I!, , -,-



I - - - -, - -- . - -- . i

.. .....- I

V1*~

CLOSED 5EA-tc 7ts-w, ils OPEN

-KK
SWi

THC

1-FCM-68-333-}
tch: Q235XT5

: QZ35X\T73
I, . ,-t,.

Hx: 1 + Ux: I
Directioan: It

B STAT FRIC BK PT J UNSEATING

C BEGINING RL K DP EFFECT N'
D AVERAGE RL L POST DP / AVE RL

E ENDING RL M ENDING RL

F DP EFFECT VIA

G CST l5

H TOTAL PEAK LL9

I TOTAL FINAL tILtCL Z ZERO LOAD 0

I

/ ..- - - - -

/I

I,

. .

- -- -- -- -- - -- I

-I H I I

.n7o

CD "tin \1o

Cr!5 K

£ .Bl0 I

£ Lb
a.000 sec

. I,-, '- YE

- I,

, - ,I ., -

-

Iv)\ b6

- .

I I

. .t, .

7 ?p-1.70 1, 20e 7. 41n 4 -nA



".,-........ ..

CLOSED 9 E-- ru [ b OPEN
F-(K 1-FCV-88-Ml3i

SSwitch:

T1QC
YJz3bJTl
V23S\Ti 11

HX: I + UX: I
Directiowa: I

0-" . .

C:� tl-

r-i zill
in -,

D ,�s

�K

w -r,
C) �-

c

67

I
:

- -- ;

a . I It~s
- - - - - - - - - - - - - -

I I /1 I

-1..21

'-4

B STAT FRIC BK PT !Th J UNSEATING

C BEGINING RL ll- (D K DP EFFECT t\I
.D AVERAGE RL Pt1 L POST DP / AVE RL

E ENDING RL IL{P7 1 M ENDING RL

F DP EFFECT IA
G CST _Z_____.

H TOTAL PEAK l 3_____
I TOTAL FINAL IZ22-3B Z ZERO LOAD

@NfMI80 l
6 Ft-lb

13. 0 Sec.

i

,Q�
II n 'I--

t,� Qr I

1 .20 4.00 7 .20 0.40



- . - ...- /-3 S ?,, ' ' -,-. t.s! - - 1 -

OPEN 5(A-IC fTq '-,-r
-KI-FCMU-68-333>)

Switch: Q235\T1
THC : Y235\T8
HX: 1 + UX: 1
Direction: t

V

f

L

-7r)p-i21 94T 4p

B STAT FRIC BK PT J UNSEATING

C BEGINING RL K DP EFFECT |[

D AVERAGE RL L POST DP / AVE RL 1 3 1
E ENDING RL M ENDING RL

F DP EFFECT A
G CST

H TOTAL PEAK

I TOTAL FINAL Z ZERO LOAD

CLOSED

/
/

0.fM0 ' v
0 . Lb

-. -P0. 00 Sec .

l0

n

00
1�
k

\ �\ �D

,A� *',
kA� kz

. r . . .- r

1 I .1 I

A ..Ao 4 fln



-(K I-FCU-88-333 >}
- CLOSED __ _ _OPEN NTA-t& ThR LQ _L Switch: 1 Q25\T1

B STAT FRIC BK PT J UNSEATING TQC : 23R5\1
C BEGINING RL K DP EFFECT / [X: 1 ± UX: i
D AVERAGE RL L POST DP / AVE RL Direction :
E ENDING RL / M ENDING RL

¢ | F DP EFFECT |/A|| .0
G CST Ft-lb
H TOTAL PEAK /

I TOTAL FINAL _ Z ZERO LOAD 0 ___________.

/

-S

2r1 P
a

W . I I 1, I I ,

4 9 t ~~~~~-7 4Ft 1?R RR 1 2 3 2 4n -' . Ai.Lr 42 5~ . A U i- . A '-



T ~-,.-_-_-_----- - -- - - -- --- -I
CLOSED b Tf Rf-A5-r Ib OPEN

-{K 1-FCV-.6-333-
Switch: Y235ST1
THC : Q23\T1|
HX: I + UX: I
Directioa: I

B STAT FRIC BK PT - J UNSEATING

C BEGINING RL ~q L K DP EFFECT N'
D AVERAGE RL 3017- L POST DP / AVE RL A
E ENDING RL M ENDING RL

F DP EFFECT V3t3_
G CST

1-H TOTAL PEAK Lt ___

I TOTAL FINAL ______t Z ZERO LOAD(&r(K> g 053

C,

%-K-

- F - -11- ---- x6

-I I I I

-3.20-1.69 .9F4

GO 11,

\o

¢
r-! .l " 0 .00 1

Fs 8 LB
.f00 Sec .

-

t

-

rl)

k

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

k 6�) [-k 1�� \
l

-3- .20 i, 60 r,. 4



CLOSED DP TbQou F-lL

OlN - /, P.: pp,- sij I

OPEN

-{K 1-FCJ-68-33M-
Switch: V235\T1l
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