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Presentation Agenda 
• Introduction 
• .Site Program Status 

• Actuator Thrust/Torque Capability . 
. • Motor/Gearing Capability 
•·Margin/Operability Methodology 

• Design Basis Assumption I Grouping Methodology 
( 

• P.L. Concern for Containment Sump Valves 
• Valve Factor Statistical Analysis 

• Rate of Loading Analysis 

• Stem Factor Analysis 

• Periodic Verification 
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ComEd MOV Program 

Presentation for 
Nuclear Regulatory 

Commission 

March 15 -16, 1995 

Introduction - 1 
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lntrodu.ction 

Presented by Roger Gavankar 



• . -• ,_ 

·Purpose· of Presentation 

'. •.Discuss Co:mEd Progress Toward Closure of 
Generic Le.tter· 89-10 including Baseline Static 
and DP Testing 

• Discuss ComEd Technical Initiatives 
- Motor I Gearing Capability 

- Actuator Structural Limits · 
- Margin Review I Operability Evaluation Method 

- Valve Factor Grouping Method 

- Other Technical Positions 

Introduction - 3 
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Pre sen ta tion. Agenda 
• Introduction 
• Site Program Status , · 

• Actuator Thrust/Torque Capability 
• Motor/Gearing Capa.bility 

• Margin/Operability Methodology . 
• Design Basis Assumption I Grouping Methodology 

• P.L. Concern for Containment Sump Valves 

• Vaiye Factor Statistical Analysis 

• Rate of Loading Analy~is · 
• Stem Factor Analysis · 

• Periodic Verification · -. 



,_ 

PROGRAM STATUS by STATION 

RISING STEM MOVS 
- Static Testing Progress 
- Dynamic Testing Progress 

- Completion ,Schedule 

BUTTERFLY VALVES 
- Static Testing Progress 

- Dynamic Testing Progress 
- Completion Schedule 

CLOSURE PLAN 

Status -1 
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LASALL--E- -STATION 

Presented by Baron Westphal 

• Stat 



LaSalle 
Rising Stem MOV s 

Testing Status 

Rising Stem MOV s 
Static Test Corripleted 

DP Testable Valves 
DP Test Completed 

-

Unit 
1 2* 

126 126 
126 126 

47 47 

39 47 

* . Projected status at completion of L2R06 outage (4/17/95) 

Status ... 5 
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LaSalle 
Rising Stem MOVs 
Testing Schedule · 

- Baseline Static Testing COMPLETE 
- 86 of 94 valves DP tested 

- 1996: 8 DP tests (no static baseline tests) 
. . 

- Periodic testing begins with LIR07 Outage 
(Spring '96) 

Sta tu 



LaSalle 
Butterfly MOVs 
Testing Status 

Unit 

1' 2 

Butterfly MOV s 
Static Test Completed 

' ' . 

DP Testable Valves 
DP Test Completed 

Status - 7 

8 

8 

8 

8 

4 

4 



LaSalle 
Butterfly MOV s 

Testing Schedule 

-Baseline Static Testing COMPLETE 

-Baseline DP Testing COMPLETE 
- Periodic testing begins with L1R07 

Outage (Spring '96) . 

·stat 



CLOSURE PLAN 

LaSalle intends to issue closure letter 
during the summer of 1995 once all testing 
in the current outage is complete and the 
Butterfly Design Basis Assumptions have · 
been verified using in-situ test data. The 
remaining DP tests (8 on unit 1) will be a 
completion item identified in the closure 
lettero 

Status·- 9 
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DRESDEN 

Presented by John O'Neill 

.·.:. ,•,• 

Sta tu 



Dresden 
Rising Stem MOV s 

Testing Status 

Rising Stem MOV s 
Static Test Completed 

DP Testable Valves 
DP Test Colnpleted 

... 
Status -11 

Unit 
2 3 

78 78 

74 77 

36 36 

8 29 

'· 



Dresden 
Rising Stem MOVs 
·Testing Schedule 

-
- December 1995: 155 of 156 valves static 

baseline tested 

- December 1995: 70 of 72 valves DP tested 

- 1996: 1 static test and 2 DP. tests 

- Periodic testing begins in 1996 



• 
Dresden 

' . 

Butterfly MOVs 
Testing Status 

Dresden does not have any butterfly valves 
in its GL 89-10 Program. 

Status -13 
J ~ • '.,._ ; -
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• 

I. 

CLOSURE PLAN 

Dresden intends to issue closure letter in 
December of 1995 after on line DP testing 
(HPCI) is completed following outage 
D2R14 . 

Sta tu 
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QUAD CITIES 

Presented by Jilll Wethington 

Status -15 



Quad· Cities 
Rising Stem MOV s 

Testing Status 
Unit 

1 2 

Rising Stem MOV s 79 79 

Static Test Completed 75 75 

DP Testable Valves 33 31* 

DP Test Completed 31 26 

* Two valves tested on unit 1 will .not be tested on unit 2. These 
valves are low DP load, low safety significance, high margin 
MOVs which will not be tested for ALARA considerations. 



•• 
Quad Cities 

Rising Stem MOV s 
Testing Schedule 

- All unit 2 static baseline testing and DP 
testing will be completed during Q2R13 
(by June '95) 

-All unit 1 static baseline testing and DP 
testing will be completed during QIR14 
(by June '96) 

- Periodic testing initiated during Q2R13 
Outage (in progress) 

Status -17 



Quad Cities 
Butterfly MOVs 
Testing Status 

Quad Cities does not have any butterfly 
valves in its GL 89-10 Program. 

Sta tu 



• 
CLOSURE PLAN 

Quad Cities intends to issue its closure letter 
in the summer of 1996 after the Q1R14 
outage. At this time, all baseline static and 
DP tests will have been completed. 

Status -19 



ZION STATION 

Presented by Randy Mika 



• ••• 
Zion 

Rising Stem MOV s 
Testing Status at 

Rising Stem MOV s 
Static Test Completed 

DP Testable Valves 
·DP Test Completed 

Status - 21 

Unit 
1 2 

93 93 

89 93 

54 54 

38 46 

'-



Zion 
Rising Stem MOVs 
Testing Schedule 

- December 1995: All Static Baseline Testing 
Complete 

- December 1995: 102 of 108 valves DP tested 

- 1996: 6 DP tests 
- Periodic testing begins with Z2R14 Outage 

(Fall '96) 



• 
Zion 

Butterfly MOV s 
Testing Status 

Unit 

Butterfly MOVs 
Static Test Completed 

DP Testable Valves* 

DP Test Completed 

0 1 

6 15 
6 15 

·3 

0 

/ 

6 

0 

2 

13 
13 

n/a 

n/a 

* The Zion Butterfly DP testing program will test approximately 
one-third of the testable valves. These designated test valves 
are representative of the six groups of butterfly valves in the 
Zion GL 89-10 Program. 

Status·~ 23 · 



Zion 
Butterfly MOV s 

Testing Schedule 

- All Static Baseline Testing COMPLETED in 
· December-1993 

- March 1996: 9 DP tests 

- Periodic testing begins with Z2R14 Outage 
(Fall '96) 



•• 
CLOSURE PLAN 

Zion intends to issue closure letter by 
March, 1996 once all Unit I baseline static 
and baseline DP testing (including butterfly 
valves) is completed . 

. Status - 25 

·. 



BRAIDWOOD AND.BYRON 

Presented by Chris Bedford 

Sta tu 



• 
Braidwood 

Rising Stem MOV s 
Testing Status 

Rising St_em MOV s 
Static Test Completed 

DP Testable Valves 
DP Test Completed 

Status - 27 · 

Unit 
1 2 

91 91 
91 91 

46 46 

46 46 

•• 



Braidwood 
Rising Stem MOV s 
Testing Schedule 

-Baseline .Static Testing COMPLETE 
-Baseline.DP Testing COMPLETE 
-Periodic Testing Begins with A1R05 

Outage (Fall '95) 



Braidwood. 
·Butterfly MOVs 
·Testing Status 

Unit 

Butterfly MOVs . 
Static Test Completed 

DP Testable Valves 
DP Test Completed. 

Status - 29 

0 . 1 2 

11 22 22 
1 0 1 

. 3 7 7 

1· 0 1 

·. 



Braidwood 
Butterfly MOV s 

Testing Schedule 
The current Braid-wood schedule* is outlined 
below. This meets the Braidwood commitment of 
completing all baseline testing of butterfly valves 
within 5 refueling ~utages_ of January 1991: 

- December 1995: ,_27 of _55 valves static baseline tested 

- December 1995: ,_9of17 valves DP tested 

- 1996: ,_15 static baseline tests and ,_4 DP tests 

- 1997: ,_13 static baseline tests and ,_4 DP tests 

- Periodic testing begins with A1R07 Outage (Fall '98) 

*This schedule is subject to change based on plant conditions. 

Sta tu 



GL 89-10 CLOSURE PLAN 

Braidwood intends to issue closure letter at 
the end of 1995 once the majority Butterfly 
Valve Testing is complete and the Butterfly 
Design Basis Assumptions have been 
verified. 

Status - 31 

• 



• 

Byron · 
Rising Stem MOV s 

Testing Status 

Rising Stem l\10V s : 
Static Test Completed 

·DP Testable Valves 

, DP Test Completed 

· Statu 

Unit 
1 2 

91 91 
91 91 

49 49· 

49 49 



• 
Byron 

Rising Stem MOV s 
Testing Schedule 

~Baseline Static Te-sting COMPLETE 
-Baseline --np Testing COMPLETE 

-Periodic Testing Begins with B1R07 
Outage (Spring '96) 

Status - 33 

·-



Byron 
Butterfly MOVs 
Testing Status 

Unit 
0 . 1 2 

. * Butterfly MOVs ·. 

Static Test Completed 

DP Testable Valves 

DP Test Completed 

27 

I 

15 
1 

24 

0 

9 

0 

24 

0 

9 

0 

* . 12 of these 75 MOVs cannot be tested under static 
conditions (except during a dual unit outage). 

-:«,~~·':~'*""::;'~,.,.,,, .. ~~~«<--.. ":~::::;~~:~;~~\4,1~i;'.i,'.;\~:~ii:;;;$));i}\%-r%ilt1•~\flJi,MJ:ii0i\t@TffTtrr2PW'''"w~':o/.~"~ .. w.-~,-.-.-. .. ,,.~,,,,.~·W.*""*'·W'"'"·'~~«-. 
~•11~m1@1~RwmmmmrnmmnmmI@::::rm:1rn1:wlJtn=:=:r:::?':::::==>:::::r=:::::===:=:==r==::::::=::===:=::====·==·======== ··==.====·· ,,, 
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• 
Byron 

Butterfly MOV s 
Testi_ng Schedule 

The current Byron schedule* is .outlined below. 
This meets the Byron commitment of completing 
all baseline testing of butterfly valves within 5 
r~fueling outages of January 1991: 

- December 1995: ,_5 of 63 valves static baseline tested 

- December 1995: "'13 of 33 valves DP tested 
- 1996: "'36 static.baseline tests and "'13 DP tests 
- 1997: ,...,,15 static baseline tests and ,...,,3 DP tests 

- 1998: ,...,,7 static ba.seline tests and ,...,,4 DP tests 

- Periodic testing begins with.BlR09 Outage (Spri~g '99) 

*This schedule is subject to ~hange based on plant conditions. 

:~H~imm1~~1~m~~~Jfl~~~~~~1i1t~~~~r1~11i1~\~\~\\l~\t~i\~~~1tj~f]~;~})~~~j\~\1~~{~~rrrr:~(}~\~r~:~~~~~/=~:~/:::?::~{::::·:;:::==:::::=:=·=·=·:·=·:-=·:·: :.· · · ::· '.·: · · · · · · · 
·.···· :·- ..... . 

Status·.·- 35 



CLOSURE PLAN 

Byron intends to issue closure letter at the 
end of 1995 once some Butterfly Valve 
Testing is complete and the Butterfly 
Design Basis Assumptions have been 
verified. 

Sta tu 



Important Features of 
ComEd MOV Program 

- Questioning attitude about OEM recommendations and 
- design values. 

- ComEd Technical Positions based on first principles 
and supported by test data to replace unsupported 
vendor recormnendations such as: 

» Actuator Structural Capability 

» Motor/Gearing Capability 

» Valve Factors 

- Development of a method to determine the amount of 
margin required to assure safe plant operation. 

Program Features - 1 
~- -i.'.· 



Important Features of 
ComEd MOV Program 

•Testing Initiatives beyond Kalsi and EPRI 
- DC and AC Motor Testing 
- Crane Blowdown Testing 
- Roller Screw Stem Nut Testing 
- Motor Pinion Key Testing · · · 

- Packing Load_Adjustment Testing 
- Strain Gage Stem C9upling for Neles-Jamesbury 

· Butterly MOVs 

.·.· .. ·.·.·.· .. ·.·. 

Program 



Important Features of 
. ComEd MOV Program 

Revised margin 
& operability 
method which 
considers 
multiple 
sources of 
uncertainty 
(random and 
bias) 

.. '' 

• Valve Factor . 
• Torque and Thrust (equipment inaccuracy) 

• Torque Switch Repeatability 
• Springpack Relaxation · 
• Rate of Loading 
• Stem Factor 
• Packing Load 

• Inertia Factor 
-• Motor Torque Output Uncertainty 
• Actuator Efficiency Uncertainty 
• Actuator Thrust & Torque Limit Uncertainty 

• Valve Structural Limit Uncertainty 

• Seismic Limit Uncertainty 

Program Features - 3 
f 



Independent Technical Review of 
ComEd Position Pa.pers by MPR 

MPR Associates. recently completed a review of 
the following ComEd technical position papers: 

- WP-122 

- WP-125 

"Kalsi Thrust and Torque Limits" 

"Enhanced Motor/Gearing Capability" 
-- WP-129 "Margin /Operability Review Methodology" 
- WP-156 "Motor Pinion Key Torque Limits~' 

- WP-154, WP-160, WP-164 .. "Valve Fae.tor Methodology" 

In addition, MPR reviewed ComEd's overall 
program documentation of technical positions 
on industry issues. . · 

ProgramF 



Technical ·Review of C·ontEd 
Position Papers by .MPR 

(Tl1e Review Approach) · 

Review position statement for: 

well defined purpose 
clarity 
completeness 

- appropriate limitations 

Review. technical justificatio·n for: 

- logical development of position 
proper application of technical theory 

- proper use of referenced technical data 
- consistency with applicable codes, standards, and regulations 
- sufficiency of technic~l basis for stated position 
- convincing presentation of position 

Program ;Features - 5 
;).•• ·~ . ' .. ·-



Major Changes to Conilld 
Position Papers· resulting front 
Independent Review Cotnnients 

• Actuator Structural Limits 
- Torque limits are now· based on the Kalsi Phase II report 

using the LTAFLA computer program. 

(original WP-122 r·ecommendations have been verified to be 
appropriate using the LTAFLA program) 

•Enhanced Motor /·Gearing Capability 
- Motor capacity is now verified by testing 

- Actuator pullout efficiencies have now been corroborated by 
Texas Utilities testing 

- Other efficiency data is being solicitted 

- ComEd is identifying cases for which motor rating or 
actuator efficiencies should be derated from OEM values. 

-. Voltage. Exponent Increased ~ased on" Test Data 

Program 



Major Changes to ConiEd 
Position Papers resulting frolll 

Independent Review Cotnlllents 

• Margin Review I Operability Criteria 
- All uncertainties (bias and random) are explicitly 

considered 
- Random uncertainties are statistically summed 
- Acceptance. Crite.ria based on reliability and safety 

significance rather than percent margin 

• Valve Factor Methodology 
- Valv·e Factor variability to be treated the same as other 

random uncertainties (e.g. equipment inaccuracy) 

- Some limitations on applicability and extrapolation 
have been added. These are based on .the extent of the 
test data populatlon. · 

Program features - 7 
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Design Basis Assumptions 

Presented by Paul Dietz 

Design I Grouping 1 



Difference between Design 
Philosophy and Margin/Operability 

Review Methodology 

• The Margin Review I Operability Evaluation is a fluid 
process 
- Nominal values are constantly shifting. 

- As new information becomes available and new issues 
arise, the operability/margin review should be updated. 

- Part of the Margin Review process is to verify that the 
design window for an MOV remains valid. 

• Design Basis Assumptions should be selected such that 
they are expected to be insensitive to new information. 

• 

- The setpoint for the MOV should not need to be adjusted 
every time a diagnostic test is performed or other 
information becomes available. 

Design I 



• 
Design Basis Values Used in 

Establishing Target ThrUst Windows 

Design Basis Parameters are set to 
conservative, but not necessarily bounding 
values. These parameters include: 

- valve factor 
~ 

- stem friction coefficient 
- rate of loading factor 

- inertia factor 

- unwedging factor 

Design I Grouping - 3 

•• 



Margin in Design Basis 
Target Thrust Windows 

Additional margin of approximately 20% to 30% is added 
to the calculated required thr'ust to account for 
uncertainties such as: 

- ROL uncertainty 
- Stem Factor Variability 

- Diagnostic Equipment Inaccuracy' 

- Torque Switch- Repeatability 

- Valve Factor Uncertainty 

Additional margin of approximately 10% to 15% is 
subtracted from the upper limits (motor/gearing 
capability and structural limits)-to account for 
equipment inaccuracy and torque switch repeatability. 

Design I 



• 
., 

Grouping Methodology 

Presented by Paul Dietz 

Design I Grouping - 5 



Critical Attributes of a Grouping Method 

• Must be Predictive, not Reactive 

• Must be Reasonably Stable 

• Must be Statistically Significant 

• Design I 



• 
Paraineters. for which ·Grouping Is Useful 

• Valve Factor 

.e Rate of Loading 
- Stem lubricant appears to be the only parameter which 

significantly effects the average and standard deviation 
for ROL 

• Stem Factor 
I ' 

- ldentificat'ion of anomalies 
- Certain valve design are more susceptible to indications 

of high stem factors (thrust losses) 

- The high stem factors· are usually due to anti-rotation 
device design rather than stem friction coefficient 

-Design I Grouping - 7 



Parainete·rs for whicl1 (}rouping 
Appears to P~ovide Minilllal Value 

. ' ·. . 

Stem Friction· Coefficient 

• 

- Analysis of ComEd data shows that the average and 
standard deviation for stem friction coefficient are 
independent of: 

· » valve type 

» stem lubricant (of those used at ComEd stations) 
» stem thread geometry 
» load level 

- ComEd will continue to review as-found, periodic test data . 
to ensure that any trends in test data are identified 

Design I 



Paranieters for which Grouping Is not Useful 

Since accurate valve specific values for these 
parameters are determined during static baseline 
testing, there is no need to perform grouping 
analysis on the following parameters: 

- Unwedging Factor 

- Inertia Factor 

Design I Grouping - 9 
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Pressure Locking Evaluation 
for Byron and Braidwood 
Containment Sump MOV s 

Presented .by Paul Dietz 

PL-1 

•• 



Evaluation .Team Members 

Paul Dietz 

Kevin Ramsden 
Paul Hayes 
Chris Bedford 

Kevin Passmore 
Dan Skoza 

Mechanical/Structural Engineering 

Nuclear Fuels Services 
MPR Associates 
Braidwood MOV Program Lead 

Byron Support Engineering 
Braidwqod Support Engineering 

PL 



Evaluation Methodology 
(preliminary results) 

• Motor/Gearing Capability evaluated at 
degraded voltage and 0.15 stem friction 
coefficient 

• Roark and Young used to _analyze wedge as 
circular plate fixed in the center and free on 
the edges to determin,e opening forces. 

• 3-D lieat_ Transfer Model used to calculate the 
steady state temperature in the valve bonnet. 

PL-3 



Sl-8811 Minimum Capability 
(preliminary results) 

Maximum Pullout including 
measureinent inaccuracy 

Minimuin MGC at degraded. 
voltage and elev. temperature 

Minimum Available 
Capability 

Maximum Bonnet· Pressure · 
at Minimum Capability 

• PL 

22,717 lbf 

77,375 lbf 

54,658 lbf 

_ 250 psig 



Borg-Warner Valve Bonnet Design 

Bonnet -

air volume 

stem 

Unventable Air volume is calculated to be approximately 
33 of trapped volume. 

PL-5 



. Correlation between Temperature 
Increase and Bonnet Pressure 

(preliminary evaluation) 

• A temperature increase of 80 degrees 
Fahrenheit would be required to collapse a 
2.5% air volume.. · 

• This would only result in a 100 psid increase 
to the bonnet pressure. 

•A detailed 3-D. heat transfer analysis 
indicates that the maximum expected 
increase in the bonnet fluid temperature is 
only 35 degrees Fahrenheit. 

PL 



• 
Description of 3-D Heat 

Transfer Model 
(preliminary evaluation) 

• RWST Temperature of 95° F 

• Accident Containme11t Sump Peak Temp. of 250° F 
(suction line slopes to valve) 

• Mass of Valve· 8900 lbs. 

•Not modeled: 
- Valve enclosure 
- heat transfer from assembly · 

- heat loss to containment fluid prior to reaching MOV 
- valve packing leakage 

- T-head clearance 

- actuator hammer blow 

PL-7· 
· ..... · -



• 

·Conclusion 
(preliminary evaluation) 

The postulated pressure locking 
phenoinena is considered to be 
unlikely. Continu~d plant 
operation is justified pending . 
long ternt resolution of this issue . 

PL 



• •• 

ComEd Valve Factor 
, Methodology 

and 

• '., 

·-

Statistical Analysis Results 

Presented by Brian Bunte 



• 

CotnEd Valve F·actor Grouping Criteria. 
and Valve Factor Statistical Analysis 

• Used for sel~cting Design Valve 
Factors for all MOV s 

• Used for determining Operability 
Valve Factors for MOVs which have 
. not been DP Tested 

VF 



·Valve Factor Values use-d in 
Margin Review I Operability 
· Evaluations .· 

DP Tested MOVs: 
- Nominal Valve Factor is measured value 
- Uncertainty to allow for measurement inaccuracy 

and the potential change in valve factor over time 

Non-DP Tested MOVs:, 
· - Nominal Valve Factor is average for group 

· - Uncertainty based on measured valve~to-valve 
variability .for valve group (@ 2 sigma) . . 

VF-3 



Valve Factor Methodology 
ComEd has adjusted its valve factor methodology recently. 

The revised valve factor method is designed to be 
consistent with the new Margin Review I Operability 
Evaluation Methodology. · 

A nominal and a conserv~tive (2 sigma) valve factor are 
determined for untested MOVs. ·(The previous method 
was based on using a single conservative valve factor 
value.) 

Other changes suggested by MPR concerning 
extrapolation and applicability have also been 
incorporated.· 

.... · .. ·. :-····.·= 

VF 



• 
GENERAL FORM OF VALVE 

FACTOR-RELATIO.NSHIP WITH 
TEST DP AND VALVE SIZE 

ComEd Methodology was first suggested 
by a detailed review of Valve Factors from 
EPRI Testing 

ComEd found that the Valve Factors 
typically decreased with Size and DP for a 
Vendor/Pressure Class Group 

VF-5 

• ' . 



Test Data Used in Valve 
Factor Analysis 

• EPRI Test Data 
- Accurate, on-line measurement of thrust and DP 
- Multi-point DP data 
- . Limited population of valyes 

• ComEd Test Data 
- Wide range of DP loads 
- Large population of valves 

~ . . . 

- DP data not collected on-line 
- Thrust data accuracy not as high as for EPRI data 

• Other Utility Test Data 
- Characteristics similar to those of ComEd data 
- Less access to plant records makes outlier review· difficult 

• VF 

., 



VF Measurement Inaccuracy 

VF measurement inaccuracy results from: 
- DP and LP Measurement 
- Thrust Measurement 
- Static to DP Test Correlation 

This random inaccuracy causes the calculated valve 
to valve variability for valve factor to be greater 
than it actually is. 

VF Variability calculated = (VF Variability0 ctual )

2 
+ L(Inaccuracy)

2 

· measurements 

VF-7 
" ' 

• 



Valve Factor Equation and 
Sources of Inaccuracy 

• Thrust measurement accuracy (MRT DP test - Runnp test) 
due to Calibration accu~acy ("'9%) 

• Other thrust measurement accuracy effects 
- Noise 

- Cycl~c Loading (yoke oscillation) 

• DP measurement accuracy (,:._,10%) 

• Potential Valve Condition Load (Cilstatic - Runstatic) 
change between static and dynamic tests 

VF 



Example of 
Regression 

Output 

VALVE 
FACTOR 
·(w/ DP 
factor) 

., 
Regression of Valve Factor (adjusted) vs 

Valve Size (VENDOR xxx# Class) 

ounding Group VF (2 si a) 

Average Group 

VALVE SIZE analysis date 

VF-9 



E111pirical Methodology based on 
Test Data and Engineering Fir.st Principals 

Statistical (regression) Analysis has been applied to ComEd, 
EPRI, and other utility data to model valve factor 

Average Group Valve Factor: 
Most likely (average) value for valve factor 
(after DP factor adjustment) 

Bounding Group Valve Factor: 
97.5% (2 sigma) Confidence Bound on valve factor for all valves 

Conservative Group Valve Factor:· 
97.5% Confidence Bound on Valve Factor for predictable valves (no 
static indications of a potentially high valve factor 

DP Factor: 

• 

Estimated change (reduction) in valve factor per psid increase in the 
design DP 

VF-



Static Indicators of High Valve Factors 

• Static indications of potential high valve factors 
are being validated. These include: 

- unusual unwedging factors 
- high valve condition loads (a.k.a. parasitic effects) 

anomaly factors (IP) 
maintenance practices 

- service conditions 
- orientation 

- combinations of the above. 

• Com.Ed is putting in place a program based on 
static testing and maintenance history that will be 
used to identify valves for which the Bounding 
Group Valve Factor must be considered. 

VF-11 
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• • 
Selection of Data Sets for Deterinining 

the N oininal Valve Fa·ctor Regression Curve 
. ' . . 

·Low DP load data is included in determining the nominal 
valve factor line · 

- The inaccuracies ·are random and do not bias the average. 
. . . . ,• . 

. · .... ::·::•.·.·.·.-.::.·.:·.·-:····:-... : .. :·: 
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Developing a Valve Factor 
Regression Curve 
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Plotting the Nominal VF Line 

Regression of Valve Factor (adjusted) vs 
Valve Size (in.eludes all data points) 
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• 
· ·. Plotting the Bounding and 

Conservative Group Valve Factors 

• '• -

The Regression Equation for confidence bounds is: 

VF;,ound (size) VFnominar + t ~'Vi +<I> i(size- k)2 

t represents the "Student's T" value corresponding to 
the desired confid.e.nce level and the size of data set 

$ represents the· uncertainty in the regression curve 
slope (k is the average.valve size for the test sample) 

. . 

· \I' (standard error of estimate) represents the 
standard deviation for valve to valve variability (and 
measurement. inaccuracy) 
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. . 

Selection of Data Sets for Deterlllining the 
Bounding Valve Factor Regression Curve 

Low DP load test datl:l is excluded:ln measuring thew value 
for valve to valve variabili~y _ 

- Measurement in~ccuracy for this data is very high and 
would artificially inflate the va_lve to valve variability terms. 

Data points for valves· with static test indications of high 
valve factors 

• 

- Are included in measuring the \fl value for the Bounding 
Group Valve Factor. 

VF 



Effect of n-p Load on Valve 
·Factor Accuracy 

• Tests for which the expected DP load exceeds 4000 lbf are 
designated High DP Load Tests by ComEd. 

• Valve Factor inaccuracy due to noise, cyclic loading, and 
valve c.ondition load inconsistency are geneirally not 
significant for high DP load tests. 

- These sources of inaccuracy are much smaller than the 
thrust calibration inaccuracy when large thrust values are 
being measured. 

- Consequently, the overall inaccuracy for valve factors from 
high DP_ load tests is typically within +/- 20%. 

• For low DP Load tests, the valve factor inaccuracy due to 
noise, cyclic loading, and valve condition load consistency 
often exceeds 40% of the measured DP load. 

-VF-17 



Basis for Defining Low DP Load Tests 
as. less than 4000 lbf DP Load 

. . 

(ConiEd White Paper ·166) . 

• The .required thrust for MOVs with DP Loads less 
than 4000 lbf is relatively insensitive to valve 
factor. 

• Valve Factors for globe valves which should 
always equal approximately 1.0 vary significantly 
from 1.0 for DP loads below 4000 lbf. 

• When Valve Factor variability is plotted against 
DP Load, the amount of scatter stabilizes after 
4000lb£ , 

• Only approximately one-half of the DP test data is 
excluded by this criteria. · 

VF 



Developing a Valve Factor 
Regression Curve 

Plotting the Bounding VF Curve 

Regression of Valve Factor (adjusted) vs Valve Size 
(excludes .low DP load data points) 
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Selection of D.ata Sets for Deter111ining the 
Conserva~ive Group Valve Factor 

Regression Curve 
Low DP load test data is excluded in measuring the \lf 
value for valve to valve variability 

Data points for valves with static test indications of high 
valve factors 

- Are excluded from measuring the \fl value for the 
Conservative Group Valve Factor 

Valves with extremely low valve factors 
- Are excluded from measuring the \V value for the 

Conservative Group Valve Factor if they are the 
dominant contributors to the valve factor confidence 
band width. 

VF~· 



• Developing a Valve Factor 
. Regression Curve 

Plotting the Conservative Group VF Curve 

Regression of Valve Factor (adjusted) vs Valve Size 
(excludes low DP load and anomalous data points) 
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Developing a Valve Factor 
Regression Curve 

Determining the DP Factor 

• Regression analysis are performed for the quantity 
CVFmeasured + S x DPtesJ as a function of valve size for 
different values of S. 

• The S value which minimizes the variability of the 
data about the regression line is the best estimate for 
the DP factor ($). 

• Inaccuracy in selecting the DP factor would result in 
additional random uncertainty (scatter between the 
measured values and predicted values). . . 

• The standard error of estimate is a measure of the 
variability for a regression analysis (equivalent to the 
standard deviation for scalar statistical analysis). 

EXAMPLE: 

DP Factor 
($) 

0.00000 

0.00005 

0.00010 

0.00015 

0.00014 

Standard 
Error of Estimate 

VF-22 
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Exaniple of Valve Factor Dependence ·on 
Differential Pressure (EPRI MOV # 16) 
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ComEd White Paper 
1 70 provides an 
analysis of the 
remaining EPRI 
Test Data and 
shows similar DP 
dependence for all 
other EPRI MOV s. 



Methodology Uses a Linear Model 
with respect to Valve Size and DP 

• Inherently Conservative since any 
inaccuracy in assuming a linear model 
will manifest itself in wider confidence 
bounds 

• Non-Linear Relationships were 
investigated and did not decrease the 
confidence band _widths (data scatter) 
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Valve Groups for Which Regression 
Analysis will not be Perf ortned 

Groups for whicl1 data is not available for a 
range of sizes 

- Westinghouse pressure classes other than 1500# Class valves 
- Velan pressure classes other than 150# Class valves 

. Untested Groups and Groups for which amount of 
Test Data is Insufficient to Perform Statistical 
Analysis 

- Crane 150# Class valves 

- WKM Double-Disk gate valves 

- Copes-Vulca~ Double-Disk gate valves 
- Crane-Chapman Split-Wedge gate valves 

- Aloyco Split-We~ge gate valve 

• VF 



• 
Valve Specific Valve Factors 

• To determine a nominal valve factor for an MOV from 
the regression curve, the average valve factor for the 
valve size is reduced by the quantity [p x DP design]. To 
be conservative, the DP adjustment is limited to the 
DP Factor times the maximum DP from the test 
population. 

• To determine a bounding valve factor, the static test is 
examined for high valve factor indicators. Depending 
on the results of this review, the worst case va_Ive 
factor is set equal to either the Conservative Group 
Valve Factor or the Bounding Group Valve Factor 
reduced by.the quantity [p x DP design]. 
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• 

Extension of Valve Factor Regression 
Curves to Untested Valve Sizes 

' 

• Interpolation of regression curves to intermediate 
untested valve sizes is allowed. 

• Extrapolation of regression curves to valves 
significantly smaller than the smallest te~ted 
valve in the group is not appropriate. 

• Extrapolation of regression curves to valves 
significantly larger than the largest tested valve is 

. done by.applying the valve factors for the largest 
tested valve size to the untested valve. 

- This is considered conservative since test data 
indicates that the valve factor for larger valve sizes 
is generally less than for smaller valves. 

VF· 



• 

Valve Factor.Equation 
Technical Basis 

Presented by Brian Bunte 
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ComEd Valve Factor Basis 
Hard Seat ·contact Valve Factor 

• Based on Maximum Thrust up to and including hard 
seat contact 

• ComEd Valve Factor (White paper 131) methodology 
- Valve Condition Load is removed from apparent DP load 
- Stem Ejection Force variation is also removed 

- Methodology is insensitive to zeroing uncertainty 

VF= ( MRTDPTesl - RunDPTesl)-( Cl l,,atic - RunslalJ-~ o:,.m( LPi~~esl - LP:;;.esl) 

:··-:··· 

.· 7t . 

4 v:ear x D~esr 
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• 
ComEd Valve Factor Basis 

Hard Seat Contact Valve Factor 

The ComEd Methodology for calculating Valve Factor is 
based on the Required Thrust for an MOV consisting of 4 
independent effects. 

- Static Running Loads (packing, disk & stem weight, etc.) 
- Stem Ejection Force (a.k.a. Piston Effect) 

- DP Load 

- Valve Condition Load (static loads which occur at the end of 
the closing valve stroke)· 

These loads are considered to be independent of each 
other and are superimposed upon each other during the 
course of the MOV stroke as shown on the next slide. 

VF..,39 
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ComEd Valve Factor Basis 
Hard Seat Contact Valve Factor 

DP Test Thrust Components 

DP Load 

Stem Ejection 

0.VCL 

D Static Run 

10 20 30 40 50 60 70 80 90 100 

Stroke Position (percent) 
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' -

ComEd Valve Factor Basis 
Origins of Valve Condition Load 

• VCL was first identified by reviewing globe valve DP tests 
- Many thrust traces for static tests are rounded at the end of 

the stroke. - , -

- This is believed to be the result of a "soft" seating effect. The 
stiffness of the valve seat I disk I stem I yoke assembly 
appears to gradually (over 50 to 300 ms) build up after 
seating for some v_alve designs. 

- Since hard seaf-contact' for DP tests is marked at the end of 
rounding in the thrust trace, this soft s_eating effect would he 
treated as part of the DP load by the standard industry valve 
factor equation.. · · 

- Consequently, the standard industry equation was 
frequently calculating valve factors significantly greater 
than 1.0 for globe valves under low DP load conditions. 

- Once the valve factor equation was adjusted to account for 
VCL, the valve.factors for globe valves randomly varied 
about 1.0 for low DP load tests. · 
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ComEd Valve Factor Basis 
Valve Condition Load 

• Gate valve static tests-also show indications of Valve 
Condition Load. 

• VCL is typically less than 400 lbf, but has been observed 
to be greater than 10,000 lbf on occasion. 

• 

• 

• 

Some valve designs such as large Crane 900# Class valves 
appear to be more susceptible to high VCL values. 
However, the value ofVCL can vary significantly for 
these groups. 

ComEd considers that this load should not be ignored by 
marking the point of seating at the beginning of the VCL 
effect on the static and DP traces. 

VF-



• 
ComEd Valve Factor Basis 

Valve· Condition Load 
. . 

• Similarly, Com.Ed does not consider that the VCL should 
be ignoredJn the MRT equation while calculating valve 
factor using the stahdard industry equation and the 
thrust at the end of the .VCL effect. · 

• On the other hand, Com.Ed does not consider it to be 
appropriate to double count the VCL by .including it in the 
MRT equation w-hile calculating valve factor using the 
standard industry equation and the thrust at the end of 
the VCL effect. 

·• The Com.Ed v~lve ·factor method.ology is based on the 
theory that all loads which occur under static conditions 
also occur under dynamic conditions. For this reason, the 
VCL is included in the MRT equation, and the valve factor 
equation removes the VCL from tlte DP load. 

VF-43 
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ComEd Valve Factor ·Basis 
Valve Condition Load 

(continued) 

• A review of ComEd test data suggests that this assumptions 
is a very good first.order approximation. 

- For MOVs which have a substantial valve condition load, the 
thrust profile on the DP traces often show loading between flow 
isolation and hard seat contact with is consistent with the valve 
condition load profile. 

• The second order inaccuracy in assuming the valve 
cond.ition load is the same under dynamic and static 
conditions shoul.d- result in greater variability in the range of 
measured valve facto~s. 

• This inaccuracy will manifest itself by increasing the 
magnitude of the 2 sigma valve factor value. This value is 
used in the margin review I operability evaluation method. 

·.·.·.·.·.·.·.··.·::·-; .... :·:::·:·.·:-: 
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ComEd Valve Factor Basis 
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ComEd Valve Factor Basis 
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• 
ComEd· Valve ·Factor Basis 

-40000 

-41000 

-42000 

-43000 

'ii) -44000 

~ -45000 -
~ -46000 

~ -47000 

~ -48000 

-49000 

-50000 

-51000 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
-52000 

17.4 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . . 

. . . ... . . . 

. ... ~- . . 
I . . . . . . 
I 

. . . J. . . 

. . . ... . . 

. . . .· . . . • 

. . . ... . . 
I . . . '\. . . 
·' · 

. . . ... . . 

. ... ·, . . . 
I 

17.45 

Valve Condition Load 

Expanded View of Seating for DP Test 

. . . . . . . (' . . . . . . . . . , . . . . . . . . . . ,. . . . . . . . . . . . . . . . . . 
I . . . . . . . . ' . . . . . . . . . ·'· . . . . . . . . . . . . . . . . . 

. . . . . . . .. . . . . . . . . . . . . . . . 
I I . . . . . . . . . . . . . . . . 
I I 

. . . . . . . '" . . . . . . . . . J . . . . . . . . . ·'· 
I . . . . . . •r . . . . . . . . . .. . . . . . . . . . .,. . . . . . . . . . 

. . . I . . . . . . : . . . . . . . • . . . . . . . . . . . . . . . . . . . . 
I I . 

. . . . . . . .. . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . 
I 

I . . . . . . . ,. . . . . . . . . . , . . . . . . . . . . ,. . . . . . . . . . . . . . . . . . 
. '· .. '. ·'· .. I 

-
. 

. 

Hard Seat 
Contact 

• •••• I' •• ••••••• '\ 

I 

. " .. ' I 
.............. -..... .. 

I I I ...................... 
t t I 

. " 
.. . •r 

.• .......... .. 
I t 

. . . . . . . . . 
I . ,. 
I 

........ 

. ' 

.... 

. : 
I ... 
I . , 

-·'· I . " .. ' 
• . . . . . . . .. . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . ....... 

I I . . . . . . . , . . . . . . . . . . _'\ . . . . . . . .,. -.- . . ' ,, 

17.5 17.55 17.6 17.65 17.7 17.75 17.8 

TIME (SEC) 

VF-47 



• 

Technical· Basis for Flow 
Isolation Valve Factors 

and 
Use of Flow Isolation 

Valve Factors. 

Presented by Brian Bunte 
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• 
Use of Flow Isolation Valve Factors 

• Used for op·erability evaluations when 
margin criteria is not satisfied for hard 
seat contact valve factors. 

• Only appropriate for valves for which 
the design function does not require leak 
tight seating 

VF-49 
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ComEd Valve Factor Basis 
Flow Isolation Valve Factor 

• Based on Maximum Thrust up to and including flow 
isolation 

• Flow Isolation Point determined using accelerometer 
traces 

• White Paper 131 Methodology is used to calculate the 
isolation valve factor. However, valve condition load is 
not removed from apparent DP L~ad when the static 
test indicates that this load occurs after flow isolation 
(the normal occurrence).~ 
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Identifying Flow Isolation 
and Initiation Using 

Acceleronieter Traces 

Typical Thrust and Accelerometer 
Trace for an MOV under a moderate 
flow rate condition. Cavitation noise at 
beginning of open stroke and end of 
close stroke can be used to determine 
the points of flow initiation and 
isolation. 

Test: 1 
&n"94 
5:9:25 

UOTES SDISOR 

J'oree = -149.B 
Clhs) -s~oo 

I 

I 

T1-e l D Seconas 29. 568. 
Cal li>z.atlcna Bange: ZSS'I 'to -7791 lk. 
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Identifying Flow Isolation • 
and Initiation Using 

Acceleroineter Traces 

Expanded view of flow isolation 
region from previous trace. 
Caviation noise abruptly e·nds ·at 
flow isolation. 

Test: 1 
5"V'94 
s:g:zs 

uan:s SDISOJI 
-.a• 

-···· Farce =· -2583 
(J.hs) 

TC7mL 
UIDm'JOll 

8.324 
Cl(a> 

.. ,. .. ··-· -· 

T .ime In Seconds St. S83 . 
C&llm-.tlaa Jtange: 2551 to -7?91 I .... 

Page52 

Tag: 1E12-1'8Z7A 
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Identifying Flow Isolation 
and Initiation Using 

Accelerollleter Traces 
Typical Thrust and Accelerometer Trace 
for an MOV under a high flow rate 
condition. Flow related noise occurs 
throughout the stroke and can be used to 
determine the points of flow initiation 
and isolation. (For this particular test, 
the accelerometer broke free during the 
closure portion of stroke.) 

Test: 4 
9/2.."93 
12:14:25 

UO'n3 SDCSOR 

Force = -1811 -aoe•• 
CJL.s> 

TOTAL 
UIBAATIOff 

-8.815 
<s'•> 

a 

Tille Jn Seconds 78. 18Z 

·--· 

.... , 
CaUJuo.a'tion Range: 419 to -14446 ln. 

Page 53 
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Identifying Flow Isolation • 
and Initiation Using 

Acceleronteter Traces 

Expanded view of flow initiation 
region from previous trace. 
Caviation noise abruptly starts 
at flow initiation. , 

Test: 4 
91'21"93 
12:t4:2S. 

UOTES 8DCSOR 

Force = 3854 
<Ju> 

Tag: 2£51-1'859 

a-•·~----------r----lf----r---._---•••• .... 
TI71'AL 
UIBB«rIOlf 

-e.357 
''•> 

•••• •ns 

Tille I• Secancls 4. 694 
Ca UlaraUoa Range: 4.19 -lo -1+H6 Das. 
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Cold Water DP Test 
Thrust and Vibration Traces 

Test: Z'I 
91'1/94 
9:32:14 

uarES SDISOR 
-o 

Fo~ce = -1-,,0 -soooo 
(lbs> 

SPKS JHJD 

TOTAL 
UIBH«l'IOH 

-1.887 
. (!( s) 

.. IOOOl 

t 10001 

Thae In Seconds 28. 993 
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Cold Water (Opening) - Flow Initiation 
Flow Meter vs. Vibration 

Test: Z7 
81'11'94 
9:3Z:14 

uon:s SDCSOJI 
' 

Force = 23722 
Clhs> 

SPKS JHJD 

TOrAL 
UIBRATJOfl 

-8.917 
<s•c> 

Time 
Scale 

FLOW(GPM) 

3 500 .,.-----+--------·-----,..--,..----.,,------

6. 3 7.43 .93 8.43 8.93 9.'3 9.93 10.43 10.93 11.43 II 93 

Ta9: 

001 SGOl 7001 9001 

·1 I 
T 
- . - . - . - . 

-i ~ - . 
001 COOi 7001 0001 ... , 

Tt.e i11 Seconds 4.881 

Motor Start Graph Start 
Flow 3.00 s 6.93 s 

Reconciliation: VOTES 0.07 s 4.00 s 
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Cold Water (Closing) - Flow Isolation 
Flow Meter vs. Vibration 

Test.: Z"I 
. 81'1/94 
.9:32:14· 

UOTES SEHSOB 

Fm-ce =·-38488 

FLOW(GPM) 
2000 ,_.. __ -r---.......-~--------y----

1500 ~--"r--+------+---+---+-----t-----1 

1000 +---......... ---+----+---+----+-------I 

500 +----+---...__-+-----+---+-----t-----1 

o.+----+---...µ=~o..-~----~~~=-"-­
ll. 6 13.76 I'· 76 15. 76 16. 76 

Tag: 
0 

(Jhs) -.oooo 
SPJCS JHJJ> 

TOTAL 
UIBRATIOtt 

-8.381 
. C's) 

Time ln Seconds 39. 389 

Time 
Scale 
Reconciliation: 

Flow 
VOTE·s 

Motor Start 
3.00 s 

27.24 s 
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Graph Start 
20.95 s 
37.00 s 
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Steam Slowdown DP Test 
Thrust and Vibration Traces 

Test: 18 
?/26/94 
1S:3Z:S8 

VutES SFJmOR 

Force = ;....28842-soooo 
(Jhs) 

SPKS RtJD 

-•00001..-..-.------..----.-1---"T'"'------~---

_Tar AL 
UIDRm"ION 

-1.531 . 
(g•sl 

l . sooea 

I SOOOI 

TiMe in Seconds ze.·103 



Steam Slowdown (Opening) - Flow Initiation 
Flow Meter vs. Vibration 

Test: 18 
7/26/94 
15:32:58 

UOTES SDtSOR 

Force= 72SS 
Clhs> 

SPJCS Jl'tJD 

"TOTAL 
VIBRm'IOH 

8.391 
Cg•s> 

Time 

FLOW (LB/HR) 

lOOOOO ...------..---------~---...,---~ 

I SOOOO -t-----+----+---+--+----~-----t 

I 00000 -t-----+---""""'---+---+-----+----V 

o-t------J---""""'---+---+---+-~-----t 

-SOOOO ~----+---_._--+--+------+-----t 

s. 6 6. l 6 7. l 6 8. l6 9.l6 10 6 

Tag: 18' 

MOOO 't7000 ••ooo s• oe 

l~_____..... 
Jiii~~~~ 

ffOOO 't7000 ••ooo ''9000 soeoo 
Ti.Ma in Seconds -rl. 328 

Scale 
Reconciliation: 

Flow 
VOTES 

Motor Start 
3.00 s 

42.74 s 

Graph Start 
5.26 s 

45.00 s 
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Steam Slowdown (Closing) - Flow Isolation 
Flow Meter vs. Vibration 

FLOW {LBS/HR) 

I 00000 -i---....---.-------_.,.--.....----~-~--. 

5 0 0 00 ~-+---.,__--+--+-+-+---+---+---+--+----I 

- 5 0 0 0 0 -l--.l--1-..::::t::::::::==&...a&."'"*=::::.:::b:m:::::::::::¢::=:.:::=*=======*=~ 
20. 5 21.45 21.95 22.45 22.95 23.45 23.95 24.45 24.95 25.45 25 5 

Test.: 18 
7~ 
15:32:58 

UOTES SDCSOR 

Force = _:28778 
Clhs> 

SPJCS JHJD 

TO'J'AL 
UIB:Rm"ION 

-8.1M 
(g•s> 

·1 I 
: : 
- -- . ~

. 

-·= ~ - . 

0 

••ooo aoooo ZIOOO 

a•ooo zoooo ZIOOO 

Thie in Seconds 28.Z48 

Time 
Scale 
Reconciliation: 

Flow 
VOTES 

Motor Start 
3.00 s 
0.05 s 
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• 
EPRI ·Valve Factor Basis 

Hard Seat Contact Valve Factor 

• The Maximum Thrust up to and including hard seat 
contact is used to determine. the valve factor. 

Flow Isolation Valve Factor 
• Flow isolation point based on disk position at which 

hydro-pressure bleeds off when valve is opened 
. . 

~ . . 

• Flow, Pressures, and Stem Position are recorded 
during DP test and can be used to verify flow isolation 
point. · 

• The Maximum Thrust up to and including Flow 
Isolation Point ls used to determine the valve factor. 
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• 

Related ComEd Documents 

• 
• 
• 
• 
• 
• 
•• 

• 

White Paper 131 (rev O) 
"Valve Factor Calculation Methodology" 

White Paper 134 (rev O) 
"EPRI Valve Factor Data" 

White Paper 154 (re_v 1 - in preparation) 
"Anchor/Darling Flex-Wedge Gate Valve Factors" 

White Paper 160 (rev 0 --in preparation) 
"Crane Gate Valve Factors" 

White Paper 164 (rev 1 - in preparation) 
"Anchor/Darling D_o~ble-Disk Gate Valve Factors" 

White Paper 172 (rev 0 - in preparation) 
"Powell Gate Valve Factors" 

White Paper 173 (rev 0 - in preparation) 
"Westinghouse Gate Valve Factors" 

White Paper 174 (rev 0 - in preparation) 
"Velait Gate Valve Factors" 
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• 

RATE OF LOADING 
(LOAD SENSITIVE 

BEHAVIOR) 

Presented by Brian Bunte 
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Rate of Loading (ROL) 

• For DP Tested MOVs, the measured ROL value is used 
in design basis calculations and in operability/margin 
evaluations. However, when the measured ROL value 
is negative, zero is used for design and 
margin/operability. 

• In addition, uncertainty due to measurement 
inaccuracy and due to potential change in ROL over 
time (+/- 5%) is included for margin/operability 
evaluations. 

• Future repeat DP Testing will be used to validate the 
use of+/- 5% for variability of DP Tested MOVs . 

• 



• 
Rate of Loading (ROL) 

. Extrapolation of ROL for Partial DP Tests 
- EPRI Data Provides Solid Basis for Determining 

Whether ROL is independent of DP. Load (for 
significant DP loads) 

- ComEd is Evaluating EPRI data to determine 
whether ROL extrapolation is required. 

- If extrapolation is warranted, ComEd will determine 
whether a threshold DP load exists above which 
ROL is stable. 

ROL-3 
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Rate of Loading (ROL) 

For MOVs not DP tested, the Nominal ROL (bias) is average 
for ComEd MOVs using the same stem lubricant (1% for 
Nebula EP, 5% for Fel-Pro N-5000, and 7% for Mobilux EP). 
The table below shows a summary of the recent ComEd ROL 
data. , 

Lubricant Average Std. Dev. for Std. Dev. for ·population 
ROL ROL, El & TSR ROL alone Size 

Nebula EP · 0.91% 8.06% 7.40% 57 
Mobilux EP 6.91% 6.61% 5.78% 42 

N-5000 5.02% 8.25% 7.60% 95 
All Lubricants 4.22% 8.15% 7.49% 194 

• Only data collected after 1992 is included in this analysis to avoid 
concerns associated with VOTES Part 21 issues and because some 
stations were in the process of changing lubricants prior to 1992. 

• The average and standard deviations for ROL do not vary appreciably 
between stations which share use of same lubricants. 

• RO 



• • 
Rate of Loading (ROL) 

• The measured ROL variability includes the effects of 
torque switch repeatability and equipment inaccuracy. 

• These effects are removed as shown below. 
• The assumed values for torque switch repeatability, and 

equipment inaccuracy are 5% and 4%, respectively. 

Overall Std Dev.=~( ROLVariability}2 +( TorqueSw. Rep.}2 +(Eq.lnacc.}2 

Therefore, the uncertainty due strictly to ROL variability 
can be solved for as follows: 

ROL Variability= ~(Overall Std Dev.}2 -(Torque Sw. Rep.)
2 
-( Eq. lnacc.}2 

ComEd,White Paper 124 provides further details on ROL. 

ROL-5 
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Rate of Loading (ROL) 

Data Analysis suggests that ROL is independent of stem 
geometry, thread form, actuator type, and valve type. 
This is shown in the table below for thread form and 
valve type. (ComE_d White Paper 124 (rev. 1) discusses 
this in more detail.) 

Average St a'n d a rd Population 
Deviation 

AllMOVs 5.02 % 7 .83 % 194 
Standard Acme Thread 5.13"% 7 .82% 126 
Stub Acme Thread 4.81 % 7 .89 % 68 
Gate Valves 5 .3 3 % 8 .13 % 130 
Globe Valves 4.38 % 7 .19 % 64 

RO 
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• 

STEM FACTOR 

Presented by I vo Garza 
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• 

Stem Types and Stem Lubricants 
Applicable to ComEd Stations 

• Stern Types 
- Standard ACME Threads 
- Stub ACME Threads 

e Stern Lubricants 
- Fel-Pro.N-5000 
- Mobilux EP-1 
- Nebula EP-1 

SF 



· Design Basis Stem Friction 
Coefficient Basis 

• Since MOV torque switches are· setup under 
static, as-left conditions, the friction coefficient 
in design basis calculations for most MOV s 
should correspond to the static, as-left value 
(White Paper 139). 

•For limit closed MOVs which do not use torque 
switch control, the design basis stem friction 
coefficient should correspond to· the dynamic, 
as-found friction coefficient value. 

SF-3 
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Measuring Stem Friction Coefficient 
The apparent Stem Friction Coefficient can be calculated 
based on the stem geometry and on the thrust and torque 
measured at CST. 

- VTC Testing is t~e most accurate method used by ComEd for 
obtaining torque data. Therefore, this data is used to calculate 
the nominal and bounding stem friction coefficient values. 

- White Paper 101 provides the results of this analysis and shows 
that a nominal stem friction coefficient of 0.12 with a 2 sigma 
bound of 0.18 is gene rally appropriate to all stem geometries and 
lubricants. 

- This white paper also demonstrates that the average stem 
friction coefficient for other.torque measurement methods is 
0.12. However, the 2 sigma bound cannot be determined using 
this data since the amount of variability due to equipment 

·inaccuracy is unknown. 

• SF 



Stem Friction Coefficient in 
Design Calculations 

• For design calculations, a conservative, but not 
bounding stem friction coefficient of 0.15 is generally 
used. · 

• The trade-off of 0.03 bias margin (0.15-0.12) in these 
calculations versus 0.06 (2 sigma) random margin is 
considered appropriate since the margin review 
process will ensure that the MOV is properly setup. 
In.~addition, torque is usually measured during MOV 
setup making this a non-issue. · 

• This is consistent with the previously discussed 
design method of using conservative, but not 
necessarily bounding .values for design assumptions. 

SF-5 



Stem Factor Variability 
· (Definition) 

Stem Factor Variability results from changes in 
static Stem Mu· between the time of MOV setup 
and the time at which the MOV.is called upon to 
perform· its function. . · · 

Rate of Loading Effects are considered separate 
.from the stem factor variability effect. 

., 



•• 
Stem Factor Variability 

(ComEd Test Results to Date) 
ComEd as-found test data suggests that stem mu 
variation is a random rather than a bias effect. 
On average, no degradation is observed. · 

After removing the effects of torque switch 
repeatability and equipment inaccuracy, the 
magnitude of stem mu variability (2 sigma) is 
approximately +/- 0.025. 

This data is very limited and is primarily for a 
lubrication period of approximately 18 months. 

SF-7 
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· Stem Factor Variability 
(EPRI Separate Effects Testing) 

EPRI Testing showed that stem mu improved 
with MOV cycles for the three lubricants 
(Fel-Pro N-5000, Mobelux EP, and Nebula EP) 
used at ComEd stations. 

This laboratory testing did not include the 
effects of aging and temperature. These 
effects could tend to cause the stem mu to 
degrade and may explain why ComEd in-situ 
data indicates that the average change in_ 
stem mu is appr-oximately zero. 



• 
Stem Factor Variability 

(Future ComE·d Testing) 

A large portion of the previously performed as-found 
testing at ComEd Stations can not be used to accurately 
assess stem factor performance. This is caused by a lack 
of information such as stem torque or initial lubricant 
condition. 

To ensure future testing is of sufficient quality to 
determine stem factor c_hange over time, ComEd White 
Paper 175 provides guidance on performing Stem Factor 
Variation Testing. 

The results of the ComEd testing will be used to 
establish the required stem lubrication frequency for 
ComEd stations. · 

SF-9 
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Sample of Margin Review I 
Operability Evaluation 

Worksheet 
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INPUT DATASHm Valve Number: 2AF017 A Station: Braidwood 

Close DP (design): QC 

Close LP (design): QC 

Open DP (design): 90 

Motor Rating (ft~): f{JWJ"1J 

Vo~~~j~I 

n/a 
nta 
n/a 

n/a 
n/a 
n/a 

n/a 
n/a 

n/a 
nta 
n/a 

EManc:ed Motoi/G«lring Capability Inputs 
Nomna1 Bounding 

Vo._J~~~§~-
Prepared Bv: ---------

Reviewed Bv. _______ _ 

NOmnal Bounding 

Close CC14) Thrust Inaccuracy: °" IOl. 
Close (C14)Torque Basis: G 
rv-vrc. T• '16st8d Spnng Pack. GaGensric Spring Pock) 

Torque (Cl4) Inaccuracy (IAW basis): °" 30'X. 
Open (09) Thrust Inaccuracy: Ol. 52'. 

Stem Mu Variation: o.cm OD'?50 
Rate of Loading: 5.0l. 20.5~ 

Torque Switch Repeatability: al. ~ 

Spnng Pock Relaxation: 5~ n/o 

Torque Switcti Bypassed beyond ClO? (Y/N): N 

Valve Type COD Gate. FW Gate. or Globe): fw gate 

DP Tested? (Y/N): N 

Setup Point Adjusted after DP Test CV/N/na): NA 

Row Direction GLOBES ONLY (over. under. or no): NA 

Shudural Limits tor Valve and Actuator 
Nomnar Bounding 

~::~~~-
SUMMARY OF MARGIN RESULTS 

~ lI:J.i 
MARGIN APPLICABLE SIGMA RELIABILITY SIGMA SIGMA 

TORQUE QOS£0.· 
3.14 99.~ 474 

SEATING VF 

TORQUE CLOSED. FLOW 
3.27 99.~ 473 . 

ISOLATION VF -
LIMIT CLOSED. SEATING 

No 3.95 100.0'I. ;835 
VF 

. 

, ....... ---· 
!ENHANCS> MGC, No 3.48 100.0% 864 
~r·- ·- ,._. 

lLIMIT CLD!5ED; FLOW 
No 4.06 100.D'X; 831 

ISOLATION VF 
UMll l...Lu;)CLI, 

ENHANCED MGC, FLOW No 3.55 100.0% 863 . 
.. ~- ., .. 
CLOSEMGC, 

3.24 99.~ 8 . 
LIMITORClllE 

CLOSEMGC. 
2.90 99.K 11 

ENHANCS> MGC 
. 

OPEN MGC.. 
3.44 100.0% 750 

UMITORQIE 
. 

·-
OPEN MSC. ENHANCED 

4.14 100.0'I. 971 
MGC 

. 

OPEN STRll:::TimAl 
11..54: 7.69 100%: 100% 572 9 

LIMITS Cttmlst: torque) 

CLO~ S1111CTURAL 
11.Jl: 1.66 100% : 95.2"4 344 12 

LIMITS <ttmmt: torque) 

3/14195 
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EVALUATION OF TST MARGIN FOR Braidwood 2AF017A USING SEATING VALVE FACTOR 
van- Parameter Runs Design 

Parameter Row Wanl Naminal High High High High High High Eq. Sumot 
Average Casa Case Packing VI' Siem Mu 1S8 1Sa Jnocc Squares 

ave Daamd. (thrust) 

Valve Foc:10f <seatina> (A) 0.327 0.59 0.327 0.327 0.59 0.327 0.327 0.327 0.327 
DP C8l 90 90 90 90 90 90 90 90 

Seal Diameter CCl 5.906 5.906 5.906 5.906 5.906 5.906 5.906 5.906 

DPL.oad CD> ~ ~ 1455 -~ ~ ~ ~ 

LP CEl 90 90 90 90 90 90 90 90 
Piston Effect Cf) 71 71 71 71 71 71 71 

Static olunnina Load (Gl 743 943 743 943 743 743 743 743 743 
Valve Condttion Load <Hl ti) n ti) n ti) ti) ti) ti) ti) 

Tatel i;tatic Load (J) 803 1015 803 803 803 803 803 

Tatel Load Ul 1660 1892 2328 1660 1660 1660 1660 

Siem Pttch CICl 0.3333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 -Slam Lead cu 0.6667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 

Slam Dia (M) 1.cm l.ax> 1.cm um 1.cm 1.cm 1.cm 1.cm ....__... 
Slam Thread CNl stub stub stub stub stub stub stub stub 

Static CST Thrust <meos.l CO> "3!08 3157 3!0B 3!08 3!0B 3!08 3!08 3!08 3157 
CST TNQUG <Generic SP) (I') 55.6 55.6 55.6 55.6 55.6 55.6 55.6 55.6 
Slatic Slam FactOf (Q) 0.0158 0.0158 0.0158 0.0158 0.0158 0.0158 0.0176 

Static (CS·lalf) Stem Mu (11) 0.1633 0.1633 0.1633 0.1633 0.1633 0.1633 0.2022 
ROL CchanQG in thrust) (Sl 5.~ 20.5% 5.~ 5.~ 5.~ 5.~ 20.5% 5.~ 5.~ 

~mic CST Thrust m 3333 3333 3333 3333 2789 3333 2999 
Dynamic Stam Factoi CUl 0.0167 0.0167 0.0167 00167 0.0199 0.0167 o.o;as 

(W/0 DeQrodallon) 
Dynarruc (as-Jell) Stam Mu CV) 0.1819 0.1819 0.1819 0.1819 0.2523 0.1819 0.2223 

Siem Mu \/anot1on CW> O.CXXD O.D250 O.IXXXl O.CXXXl O.CXXXl O!l250 O.\XlXl o.c:i:xxl Otto:> S.gmc 
Dvna,..,1c <as·toundl Mu ()() 0.1819 0.1819 0.1819 0.2069 02523 0.1819 0.2223 Level 
Dyn. <os·loundl Slam Foci. m 0.0167 0.0167 0.0167 0.0178 0.0199 0.0167 0.0185 3.1• 
ilSR Oorque change> (Z) ~ 5% ~ ~ ~ ~ ~ ~ ~ 

ISonnci Pack Relaxation <Ml ~ 5% 5% 5% ~ ~ ~ 5% 
Oyn. <as·lound> CST Tora. (88) 53 53 53 53 53 50 53 Conr. 

Dvn. <as·lound) CST Thrust <CCJ 3166 3166 3166 2964 2649 3<n! 2849 Level 
99.91"1. ,___. 

~ ; I --Marqu, (percent) I (DQ) 88.S\. 75.8% I 499\, 76.4'. 57.7% 79.~ I 69.6% 32.~ 

elleC1 in "I'. chance : cm 12.6\. 38.6% 12.l'lO 30.7'1; 94% 18.8" 56.4% -General Notes: 
Sum of SQuores Margin IS equal to nomnol margin mnus the square-root Of tne sum of the squares of the individual enacts. 
Runnir.g IOoO 1t1occurocy assumed to be the greeter Of+/· 2~ or+/· 200 lbf. Vollle Condihon IOod rnoccurocy assumed to be +/·2fJ'I.. 
Tn1S ono~rs does not consJCJer conservatism in OP & LP 

i'or now over tne seat giooe vollles. vol\le factor IS set to zero. 

! I llolve Specific Notes: 
Wo~t case vo1ue cissumed tor.sonng pack relaxation. 
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EVALUATION OF TST MARGIN FOR Braidwood 2AF017A USING FLOW ISOLATION VALVE FACTOR 
Values Parameter Runs Design 

Parameter Row Worst Nominal High High High High High High Eq. sumo1 
AY9'Qg8 Cale Cate Packing VF SlemMu ISB 1SR lnocc Squares 

o-md. (thrust) 

Valve Factor (-nl <Al 0.327 0.59 0.327 0.327 0.59 0.327 0.327 0.327 0.327 
DP <Bl t;{) t;{) t;{) t;{) t;{) t;{) t;{) t;{) 

Seat Diameter (Cl 5.906 5.906 5.906 5.906 5.906 5.906 5.906 5.906 
DPL=d (0) ~ ~ 1455 ~ ~ 806 ~ 

LP m t;{) t;{) t;{) t;{) t;{) t;{) t;{) t;{) 

Piston Ellec1 m 71 71 71 71 71 71 71 

Static Running Load (Gl 743 943 743 943 743 743 743 743 743 

Total•.cad U> 1620 1820 2268 1620 1620 1620 1620 

Stem Pitch ClCl 0.3333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 
Stem Lead CL> 0.6667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 
Siem Dia (M) 1.cm 1..cm 1.CXXl l.CXXl ·1..cm 1..cm l.CXXl l.CXXl 
Siem Thread CNl S!Ub stUb stub S!Ub Slub ·stub Slub stub 

Static CST Thrust <.-as.> (0) 3508 3157 3508 3508 3508 3508 3508 3508 3157 
CST Toraue (Genelic: SPl CP> 55.6 55.6 55.6 55.6 55.6 55.o 55.6 55.6 
Static Stem factor (Q) 0.0158 0.0158 0.0158 0.0158 0.0158 0.0158 0.0176 
Static <as-len> Stem Mu (II) 0.1633 0.1633 0.1633 0.1633 0.1633 0.1633 0.2022 
ROL (change in thn:lst) (S) 5.~ 20.5% 5.~ 5.~ 5.~ 5.~ 20.5% 5.~ 5.~ 

Dynar.11c CST Thrust m 3333 3333 3333 3333 2789 3333 2999 
Dynamic Siem faClcr (U) 0.0167 0.0167 0.0167 0.0167 0.0199 0.0167 0.0185 

(wto Deg!Odalllon.l 

Dynamic (as-left) Siem Mu M 0.1819 0.1819 0.1819 0.1819 0.2523 0.1819 0.2223 
Siem Mu Variation (W) O.<XXXl .0.0'.250 O.<XXXl O.<XXXl O.<XXXl OD250 o..cmo o..cmo o..cmo SigrTio 
IDvnam1c (as-found) Mu ()() 0.1819 0.1819 0.1819 0.2069 02523 0.1819 0.2223 L&Yel 
IDvn. <~-loundl Stem fact. (Y) 0.0167 0.0167 0.0167 0.0178 0.0199 0.0167 0.0185 3.27 
TSR (torque change') -· ai ()% 5% ~ ~ ~ -~ ~ 5% ~ 

ISonncPackRebxClllicor> (AA) 5% 5% 5% 5% 5% 5% 5% 5% 
1Dvn. tas-loundl CSl Tora. (88) S3 53 53 53 53 50 53 Cont. 
Dyn. Cos-loundl CS1 Thrust CCC) 3166 316o 3166 2%4 2649 3CXJ6 2849 L&Yel 

99.95'1. 

! 

Morain (percent) COD> 95A 831% 554% 82.9% 63.6% 85.7% 75.9% 37.1% 
l•lleci 1n '7.. chancw. I <EEl I 12.3'!0 40.~ : 12.5% 31.9% 9.8% 19.5% 58.A 
'1..eneral Notes: 
Sum "' Souares l\/lc!rgm IS ec:Jua1 10 nomna1 TTIC!gln mnus the square-root ot tr>e sum of the squares of !tie 111d1111Cual effects. Runn111g IOad 

I 

inoccurocv ossumec::J to oe !tie greOter of •I- 2°'" or •I- 200 lb!. Vall.oe Condttion IOad IS not applicable since It typically occurs aner now iso~ion. 
Tnis on.:l!VS•S aces not consider conservatism in DP & LP 
;;.o, T!o•4 over rne sec:::q;1ooe VOlVeS. voll.oe lcctor IS set to zero. 

! Vol\re 5pectt1c Notes 
~~·,ors' ::ose voive o:ss:.imeo TO• sonng ooc1e relaxOllan 

3114195 
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Limit Close, Seating is N/A. Do Not Use This Sheet 

Values Parameter Runs Design 

Paiarnal!li!r. Row W0111 Nominal High High High High High Eq. HighEq. Sumot 
Av.rage Cale Cale Facltlng Close s.mMu lS8 Jnsc. lnacc. Squar• 

ave VF Demad. (loraue) (lhrust) 

Valve Factor Cisolatianl <Al 0.327 0.59 0.327 0.327 0.59 0.327 ·0.327 0.327 0.327 

OP CBl 90 90 90 90 90 90 90 90 

Saal Diameter CC> 5.91 5.91 5.91 5.91 5.91 5.91 5.91 5.91 

DPL~ COl ~ ~ 1455 ~ ~ ~ ~ 

LP <El 90 90 90 90 90 90 90 90 

Piston Enect Cf) 71 71 71 71 71 71 71 

Static Runnina Load CG) 743 943 743 943 743 743 743 743 743 

Vallie Conctltion Laod CHl tlJ 72 tlJ 72 tlJ tlJ tlJ tlJ tlJ 

Total Static Load (I) 800 1015 800 800 800 800 800 

Total Load Ul 1680 1892 2328 1680 1680 1680 1680 

Stem Pilch (IC) 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 
Siem Lead cu 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 

Stem Dia (M) l.IXXl I .(XX) 1.CXXl lJXX) 1.CXXl 1.CXXl 1.CXXl 1.COJ 
Siem Ttvead CNl stub stuc stub stuc st UP STUb stub stub .....--

S!at1c CST Thrust Cmeas.l (0) 3508 3157 3508 3508 3508 3508 3508 3508 3157 
CST Toraue (estimaledl CPl 55.6 72.28 56 56 56 56 56 72 56 
Stal1c Siem Factor (Q) ODISB OD156 0.0158 OD158 ODISB 0.0206 OD176 
Static (as·left) Stem Mu CR> 0.1633 0.1633 0.1633 0.1633 0.1633 0.2664 o.2022 ·. 
ROL cchanae in th!Ulo'O (S) 5'1'. 20.5'1'. 5'l'. 5'1'. 5'l'. 5'l'. 20.5'1'. 5'1'. 5'1'. 
IOVnamic CST Thrust m 3333 3333 3333 3333 2789 3333 2999 
IOvnamic Stem Factor CUl ODl67 ODl67 0.0167 0.0167 0.0199 0.0217 OD185 

cw / o DealCldalionl 
Ovnarnic Cas·leftl Stem Mu CVl 0.1832 0.1832 0.1832 0.1832 0.2545 0.2919 0.2242 
Siem Mu Vanat1on CWl o.cxx:o 0.0250 . O.OCXXl O.OCXXl O.OCXXl 0.0250 0.0CXXl O.CXXXl O.CXXXl 
Ovnamic Cas·lound) Mu ()() 0.1832 0.1832 0.1832 0.2082 0.2545 0.2919 0.2242 

-~1c As-Found SF (Y) 0.0167 0.0167 0.0167 OD178 0.0199 0.0217 OD185 
Motor Retina ai 5 5 5 5 5 5 5 5 
Temp·uature Factor <Ml 1 1 I I 1 1 l l l 

OAR CBBl 4J 4J 4J ! 4J 4J 4J 4J 4J Sigma 

c1o ... Enicittncv CCC> ~ ~ ~ ~ 5(B, 5(B, 50l, ~ L911&1 
Dearcned Vottage · COD> 41¥ 419 419 41Q I 419 419 419 419 3.95 
Nominal Vottage cm 4tlJ ! 

!expo'"'"' CAC•2l (FF) 2 2 2 - 2 2 2 2 Cont. 
CloseMGC CGGl 4973 497:, 4973 4658 4162 I 3825 4476 Level 

;...._ 100.00'-

Marorn <oercenfl CHHl 196.0l:. 1834'1'. 157.4'1'. 177.3'1'. 147.7'1'. 127.7'1'. 166.4'1'. 96.7'1'. 
letreCT rn .,_ cnanae (Ill 12.6'S. 38.6'1'. 18.7'1'. 48.3'1'. 68.3'1'. 29.6'1'. 99.4'1'. 
1General Notes. 

l:;um o: Souores Mar91'"'- .~ eouol to nomnol rrorgrn mnus me SQuore-root or me sum 01 tne souores ot the indivlClucl effects. 

lr,-unn1ng IOOd rnoccur=v assumed to be tne greOTer or+/· 20l:. or+/· 200 lb! verve Conan ion load rnoccurocv ossumaa 10 t:>e +/·2f1'fo 

!MG\ ror AC: motors cosec on current LrrnToroue Guioonce ( 1.0 OPPllCOTlon roc10r wrtn 1emoor0Ture toctor one oegrooea vcnogel 

'·M'"·•mun-. s101ic OS·iell' sren:i mu= 0 06 1h~ cn01VS1s ooes noT consioer conservOTrsm rn oegrooeo vottoge. OP & LP 

F-Qr flow over Tne seat ·~De vQf'vQS. vQf\/Q foctOf IS set to zQr(> 

Valve Specific Notes. 

' 

I 
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limit Close, Flow Isolation is N/A, Do Not Use This Sheet 

Values Parameter Runs Design 

Parameter Row Wont Nominal High High High HV! Hi;h Eq. High Eq. Sumot 

Average Case Case Pactlng Close Siem Mu ISll lnacc. lnacc. Squares 
VF o..-m..!. ltntntJA) (thrust) 

-Valve factor (isolation> <Al 0.327 0.59 0.327 0.327 0.59 0.327 0327 0.327 0.327 
OP (8) ~ ~ ~ ~ ~ II() ~ ~ 
SAat Diameter (Cl 5.91 5.906 5.906 5906 5.906 5.906 5.906 5.906 
OP Load ([)) S06 ~ 1455 ~ D ~ ~ 

LP <El ~ ~ ~ ~ ~ II() ~ ~ 

Piston clfect Cf) 71 71 71 71 n 71 71 

Static Runnina load <G> 743 943 743 943 743 743 74l 743 743 

Total Load U> 1620 1820 2268 1620 16'20 1620 1620 

Siem Pttch <Kl 0.333 0.333 0.333 0.333 0.333 0333 0.333 0.333 
Siem .ead <U 0.667 0.667 0.667 0.667 0.667 Oh67 0.667 0.667 
Stem Dia CM> 1.cm 1.CXX> l.CXX> 1.CXX> 1.cm um I.cm 1.cm 
Siem Thread CNl stub stub stub stub stub Slub stub stub 

Static CST Thrust <meas.) (0) 3508 3157 3508 3508 3508 3508 35111 3!03 3157 
CST TO!aue CestimCtedl (Pl 55.6 7228 56 56 56 56 56 72 56 
Static Siem Facior (Q) O.Q158 0.0158 0.0158 0.0158 0.0158 O.Q206 0.0176 
Static (OS·leftl Stem Mu CRl 0.1633 0.1633 0.1633 0.1633 0.1633 02664 0.2022 
ROL (chance m thrust) (SJ 5.0lD 20.5'1'. S.OlD S.0% 5.0lD S.0% 20.sr.· S.OlD S.OlD 
Dvnamic CST Thrust en 3333 3333 3333 3333 2789 3333 2999 
~rruc Stem Factor (Ul 0.0167 0.0167 0.0167 0.0167 om99 o.o:m 0.0185 

iw10 Dearadalionl 
IDvnamic (as·lelll Stem Mu (V) 0.1819 0.1819 0.1819 0.1819 Q2S23 02891 0.2223 
Stem Mu Variation (W) O.CXXXl OD'.250 o.o::m O.<XXXJ O.<XXXJ 0.0250 O.!DD ~ O.CXXXl O.CXXXl 
Ovnamic <as·toundl Mu 00 0.1819 0.1819 0.1819 0.2069 0.25.23 02891 0.2223 

Dvnam1c As-Found Sf (Y) 0.0166 0.0166 0.0166 0.0177 0.0198 OD'.216 0.0185 
Motor Rat1nQ m 5 5 5 5 5 5 5 5 
Temperature Factor (AA) I I 1 1 I l 1 1 
OAR <BBl 4'J 4'J 4'J 4'J 4'J 4l 4'J 4'J Sigma 
Close Elhc1encv (CCJ 50lD 50lD 50'l'. 50lD 50'l'. ~ 50'l'. 50'l'. L911e1 
Degraded vonaqe (00) 419 419 419 419 419 419 419 419_. •.06 

iNommal Vottage (£El 4tO 

exponent IAC•2l cm 2 2 2 2 2 2 2 .2 Cont. 
ICloseMGC <GGl 4092 4092 4092 4675 4184 3849 4496 L911&1 

•· 100.00'4 

i. I 
iMar u; coercen!) (HHJ 208.l'l'. 195.8'1'. 168.l'l'. 188.6'1'. 158..J'l'. 137.6'l. 177.6'1'. 105.S'l. 
~effect 1n ~ chanoe (Ill 12.3" 40.0lD 19.6'1'. 49.9'. 70.5'1'. 30.6'1'. 102.6'1'. 
!General Notes · -
'$:...,., c: Souores Margin IS eouo1 To nomnol margin mnus ll"le souore-<oot ot ll"le sum oflne souores ot ll"le Sldividuol ettec:ts. Running load 

;mccc•JJOcv =umeo To oe tne gre01er ot +/· 20lD or+/· 200 lb!. Vo111e Condnoon IOOd IS not appbeoble since tt typically occurs o11er flow isolation. 

IMG.:: tor AC motors ooseo on current Lll"TV!oroue Guidance ( 1.0 opplicollon ractor With ternper01ure fcCICr and degraded vottoge). 

!Mmrnvm sToT1c. os,ien sTem mu= 0 08 Ttus on01YSrs aoes not consider conservol!Sm in oegrooeo vonage. OP&. LP . · 

For no.., over tne seOT gioo9 verves. vo111e ractor is set to zero 

Vallle Spee~ic Notes: 
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.. .OGY> ~LUATION OF CLOSE MOTOR/GEARING MARGIN FOR Braidwood 2AF017A CUMITORQUE METHODOLOG 
Values Parameter Runs O.ign 

Parameter Row Worst Nominal High High Eq. Sumol 

Average Case Cme lSR lnacc. Squares 
(lomu.) 

S1em f'ttch <Al 0.333 0.333 0.333 0.333 
99mleod CB> 0.667 0.667 0.667 0.667 
S1em;:>;a CC> 1.000 1.000 1.000 1.000 
S1emThread CD> stub stub stub stub 

Meas CST Tora. (Generic SP) CE> 56 n 56 56 n 
CSTToraue (8 0.08 coD Cf) 43 43 43 43 
ilSR CGl CR. 5'!1. CR. &r. CR. 

CST Tc>raue (w /TSR> CH> 56 58 n Close 
MGC 

Motor Ralina (I) 5 5 5 5 Sigma 

Temoerature factor Ul 1.000 1.000 1.000 1.000 L8"el 

OAR CKl 40.0 40D 40.0 40D 3.24 

Close Elficiency (l) sar. sar. 50'l. 50'l. 

Oe"""'ded Voll"""' (M) 419 419 419 419 Cont. 

Nomi!"lal VoHaaa CN) 460 460 460 460 Level 

exoonent <AC-2) (0) 2 2 2 2 99.9A 

Clase MGC Ctorauel CPl 83 83 83. 

CloseMGC 
Marcin (percent) (Q) 49.2'l. 44.2'!1. 19.2'!1. 18.8'!1. 
effect 1n 'lo chance CR> 5.CR. 30.CR. 30.A 

General Noles: 
Sum r-: Squares 1V1org1n is aQUol to nornnal margin rrinus the squar9-ICOt of the sum of the squares of file indilliduol arrecrs. 
MGC Tor AC motors based on currant l.irrilorqua Guidonca ( 1.0 opplic:alion factor VJith tamparotura factor ond degraded vonagel. 
1his onotvs1s ooas no1 consioer conse!VO!ism in degraded voltage. OP & IP 
Valve Specmc Notes: 

OGY) ~ATION OF CLOSE MOTOR/GEARING MARGIN FOR Braidwood 2AF017 A <ENHANCED MGC METHODQL1 
Values Parameter Runs . Design 

Pcrometer Row Worst Nominal High High Eq. Low Low Sumol 
Ave1age Case Case TSR lnacc. Motor Close Squares 

<toraue) Toraue Elfie. 
, 

Stem Pttch (AJ 0.333 0.333 0.333 0.333 0.333 0.333 I 

Stem .ead (8) 0.667 0.66i 0.667 0.667 0.667 0.667 
Stem 01a <Cl 1.000 1.000 1.000 1.000 1.000 1.000 
Stem Thread (0) stub stub stub stub stub stub . 

--Meas. CST Tora. <Generic SP) <El 56 n 56 55.6 72 55.6 55.6 
CST foraue (@ 0.08 coO (f) 43 43 43 43 43 43 
TSl1 CG) CR. 5% CR. S'll. CR. CR. CR. 

!CST Torque (w/TSRJ (HI I 56 56 72 56 56 Close 
MGC --

Motor Ralina (I) 0 5.31 0 0 0 5 0 Sigrro 
Tem0&1ature factor (J) 1.000 1.000 1.000 1.000 1.000 1.000 Laval 
OAR <Kl 40.0 40.0 40.0 40.0 40.0 40.0 2.90 
Close Elficiency (I.) 45'L «1l, 45'!1. 45% 45% 45'!1. 4CR. 

Dearoded vonaae CM> 4119 419 419 419 419 4119 Cont. ·--·-Nominal vonoae (N) 460 460 460 460 460 460 level 
exoo.,e:it (0) 220 220 2.20 220 220 220 99.81'l. 
Close MGC <toraue) (Pl 86 86 86 78 n· 

CloseMGC 
Marqm (percent) (Q) 55.6'!1. 50.6% 25.6% 40.CR. 38.3'!1. 17.3'!1. 
efleci in 'lo change (R) 5.CR. 30.CR. 15.6% 17.3'!1. 38.3'!1. 
General Notes: 
Sum of Squares Morgm is eouol 1o nomnol m::irgin rrinus Iha square-root of 1ha sum of the squares of Iha individual affaels. 
llnis WOTkst\eal assumes o mnimum static. os-latt STem m.i • 0.08. II measured stem mu is less than 0.08. 
Tnen C:ST torQua is increased To correspond to CST thrust and 0.08 sterr. mu. 
MGC 1of .AC motors cased Ill/Ma Poper 125 (1.0 opplicot10n tcctor VJith Temperature fac:lor and degraded vonogaJ. 
This onolVSIS does no1 conszoer conservatism in degrooed vonoga. DP & IP 
Vallle Spec:Hic Notes: 
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~LUATION OF OPEN MOTOR/GEARING MARGIN FOR BraktWood 2AF017A CUMJTORQUE METHODOLOG Y> 
Vmues Parameter Runs Design 

Parameter Row Worst Nominal Higll High HighEq. High Sumol 

Average Case Case Open ! Open lnacc. Open Squares 

Siem Mu Packina (thrust) VF 

Siem Pttch w 0.333 0.333 0.333 0.333 0.333 0.333 
Siem lead (8) 0.667 0.667 0.667 0.667 0.667 0.667 
Siem Dia CC> um 1.000 1.000 1.000 1.!XD 1.000 
SlemThtead (0) stub stub stub stub stUb stUb 

Motor Ralina O> 5 5 5 5 5 5 
T emp.orature Factor (J) 1.IXX> 1.000 1.IXX> 1.IXX> 1.000 1.QD 
OAR 00 40D 40D 40.0 40D 40.0 40.0 

Vollaaa CM> 419 419 419 419 419 419 
Nominal Volloaa (N) 4t£) 4t£) 4t£) 4t£) 4t£) 4t£) . 

exoonant <AC-2> (0) .2 2 2 2 2 2 

Max. Static Closina Thrust (S) 4980 4980 4Q8() 4980 4Q8() 4980 
:o-n Eauioment lnac:curacv m 52% 
o-n UnwAdrtina 1hrust (U) 2200 3344 2200 2200 2200 3344 2200 
Seal Anale (dear-> CV> 5 5 5 5 5 5 
Ooen ValVe Facle1 (W) 0.31 0.53 0.31 0.31 0.31 0.31 0.53 
Open RunninQ lead ()() 580 7a'.> 580 580 780 580 580 
0.,..,, Desian DP m 90 90 90 90 90 90 Open 

OpenMRT <ZJ 1343 1343 1543 1343 1899 MGC 

Max. Ooen Rea. Thrusl (AA) 2200 2200 2200 3344 2200 Sigmc 
Level -· OoenSlemMu (88) 0.12 0.20 0.12 0.20 0.12 0.12 0.12 3.U 

Coen Siem Factor CCC) 0.0139 OD17A OD139 OD139 OD139 

:Qe!!' Elficoencv (00) Am,·. Am, Am, ~ ~ ~ _Cont. 
Open MGC <thrust) cm Am 3807 An7 4n7 An7 Level 

99.97'l. 

;.__ . _ Ooen MGC ' ' I 
IMara .. , 1oercent> (HJ 117.1% 73.~ 1171% 65.1% 117.1% 48.~ 

~eltect on "1. change i CGGl I ! A<:l 1% O.C». 52.~ o.~ 68.2% 
•Generol Notes 
Sum er Sauores Morgm IS eauOI to nomnal morgin mnus the SQiJare-root 01 the sum ot the SQuores or'the ondillldual e~. 
Wors! ·:ase unweagong thrust eauOl to lessor of~ ot mox. cJOsmg Thrust or measured unweaging Thrust Pius eQuiprrent inaccuracy 
·:>o&n vo1ve rector C\/F) IS tunctoon of clOse seating VF and sear angle <see Cnron 210928 tor dlscusslon). For TIOw unoer seat glOoas. VF set to zero. 
Min:rr...im static. as~ stem m..i ~ 0.08. Open stem ITU IS not measured ouimg tastng oue to eQuopment lirTitotions. Therefore. 

lovercge <0 12> one 95'- connoence level <0.20) vOlues for Close stem m.i (lrom VTC test data) ore used for ttus parameter. · • 
fr.1GC tor AC motors cosea on current Lormorque GUldance < 1.0 oppbcotoon roctor WTlh temoeroture factor and degraded vOttoge). 
~in~ o'lo1vs1s ooes ncT consoer conservar1Sm tn degtaaeO vonage. OP & LP 

I'°" ... K.O ,_, 
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UATION OF OPEN MOTOR/GEARING MARGIN FOR Braidwood 2AF017A <ENHANCED MGC METHODOL OGV) 
Values Parameter Runs Design 

• 
Patamet91 Row Wont Nominal Low Low High High High Eq. High Sumot 

Av.age Cme Cme Motor Open Open Open lnocc. Open Squares 
l"'"'"' Ellie. Stem Mu Pac:leina (thrust) VF 

Siem Pilch w 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 
Slemo.ead CBI 0.667 0.667 0.667 0..667 0..667 0.667 0..667 0.667 

Siem Dia co 1.cm 1.lXX> 1.lXX> UXXl um 11XXl 11XXl 11XXl 

Siem Thread ClJ) stub stub stub stub stub stub stub stub 

Max. Static Closina Thrusl CE> 4CJ80. 4Q80 4Q80 4Q80 4Q80 4Q80 4Q80 4Q80 

o.,.n Eauipment 1naccur""" CR sa 
Coen Un--;,.,, Thrust (Q 2200 3344 2200 2200 2200 2200 2200 3344 2200 
Seat".....-,_..,_, 00 5 5 5 5 5 5 5 5 
Ooen Valve factor CD 0.31 0.53 0.31 0.31 0.31 0.31 0.31 0.31 0.53 
Open Runnong load (.0 seo 7SO seo sac sac sac 7SO sac seo 
Ooen Desan OP (I) 90 llO 90 90 90 90 90 llO 
ODenMRT Ql 1343 1343 1343 1343 1543 1343 1899 
Max. O,_ '*'· ThlUSI (II) 2200 220J 2200 2200 2200 3344 2200 

-Mo!OIR- ao 6 5.31 6 5 6 6 6 6 6 
TemDerat ... Factor CO> 11XXl 11XXl l .lXX> l.(D) 1.cm 11XXl 1.cm um 
OAR <PJ 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 
Ooen ElficomM:Y (Q) 45% .am. 45% 45% ~ 45% 45% 45% 45~ 

DeatOded Voltage (II) 419 419 419 419 419 419 419 419 

Nomma1v- ($) 4l:O 4l:O 4l:O 4l:O 4l:O 4l:O 4l:O 4l:O Open 
exponent m 2.20 220 2.20 2.20 2.20 2.20 2.20 2.20 MGC 

Coen MGC Oorauel (11) 86 78 n 86 86 86 86 Sigma 
Level 
4.14 

Open Siem Mu M 0.12 0.20 0.12 0.12 0.12 0.20 0.12 0.12 0.12 
Ooen Siem fcctOI nv> 0.0139 0.0139 0.0139 0.0174 OD139 0.0139 0.0139 Cont. 
Open MGC fttlrust) 00 6224 5602 SS33 4~ 6224 6224 6224 Level 

100.00't. 
t 
t OpenMGC ~ 

~~(perainl) i m1 182.9'K. 154.6% 151.5% 125.5% 182.~ 130.9'K. 182.Q'K, 94.6% 
e11ee1 in ,_ cncnQe (ZJ 28.~ 31.4'. 57.5% 0.0% 52.0% 0.0'I. 88.3% 

General Notes· 
Sum or ScUO>&s Mcrgm is ecual To ncmnal margrn mnus the sauore-rool of the sum ol lhe sauores of the 1nd111iduoJ etlects. 
Wors• :...ose 1S1weaging lnl\JST eQuCITD lessor of 8°" of max. ciOslng thrust or measured unwedging thrust plus equipment ·inaccuracy. 
Ooen '·0111e ':OCT or <Vf> 1s T1Jnc:T10n OfCIOse seating VF and seal angle csee Cnron 210928 tor discussion). For llow under seal glOt>es. VF set lo z ere. 
Ooen Slem mu 1s not meosureo dumig. lesttng cue lo eQUipmenl limrtalrons ·There lore. overage C0.12) and 95% confidence level (020> values 
r:::r ::rc>e Sle-r. mu (T!om VTC test=> Dl8 used tor flus parameter 
MG: ;,,, AC motors ooseo on Whil9 i'tlper 125 ( 1.0 opplicatron factor wrtn 1emper01 .. e 1oc1or and degraded voltage>. 
lnrs anoM:s ooes nol c:ons1oer c~ism 1n oegroded vonage and open DP. 
Valve Specillc NOies: 
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EVALUATION OF STRUCTURAL LIMIT MARGINS FOR Braidwood 2AF017A COPEN DIRECTION> 
Values Parameter Runs Design 

Patameter Row Wont Nominal High low low low High High HighEq. SUmcl 

Average ea.. Case Siem Act.Th. Valve Act.Tq. Vdtte Pac:li:lng lnacc Squares 

Mu c:.m..m. Cmxib. c:.m.m. foctOI load (thrust) 

AciuatOI Thrust limH CA) 8800 8800 8800 8800 8800 88CXl 8800 88CXl 8800 88CXl 
Ac:tudor Toraue limtt 01) 99 99 99 99 99 99 99 99 99 99 
ValYe Slructurat limH <Cl 14340- -14340~ =14340- 14340 14340 14340 14340 14340 14340 14340 

- " -. . ·--~ 

Wont Case To"""' Umtt (0) 99 99 99 99 99 99 'Q9 ·99 " ~ ·- -- - - . 
Wont Case Thrust UmH <El 8800 8800 8800 8800 8800 8800 88CXl 8800 

0DenSlemMu Ul 0.12 0.20 0.12 0.20 0.12 0.12 0.12 0.12 0.12 0.12 
Siem Pilch <Gl 0.3333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 Thrust 

Siem Lead Of) 0.6667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 Sigmo 
Siem Dia ru UXXl 1.CXXl 1.cm 1.cm 1.cm 1.cm 1.(XX) 1.cm 1.CXXl Level 
Stem Thread (J) stub stub stub stub stub stub stub stub stub 11-54 
Open Siem FactOI 00 0.0139 0.0175 0.0139 0.0139 0.0139 0.0139 0.0139 0.0139 

Conf 
Level 

Max. Closi!IQ Thrust OJ ~ 4980 4980 4980 4980 4980 4980 4980 4980 100.00'1. 
Open Equipment lnaccurc CMl or. ~ or. at. at. . or. or. or. or. ~ 

~ Unw..aoina Thrust 00 2200 3344 2200 2200 2200 2200 2200 2200 2200 3344 
Seal Anale (..W.reesl (O} 5 
0Den ValYe Fac!OI (I') 0.31 0.53 0.31 0.31 . 0.31 0.31 0.31 0.53 0.31 0.31 -
0Den 11unnina Load (Q) 580 780 580 580 580 580 580 580 780 580 
Open Design DP Clb ~ ~ ~ ~ ~ ~ ~ ~ ~ Torcue 

0Den Mill CS> 1343 1343 1343 1343 1343 1899 1543 1343 Sigmo 
Level 

' 7.69 
Max. Open 11eq. Thrust m .. 2200 2200 2200 2200 2200 2200 2200 3344 
Max. Open 11ec. Torcue (U) 31 39 31 31 31 31 31 47 

Con!. 

Level 
100.00'I. 

- : 
Thrust Morom (percent) M 300.at. 300.at. 300 at. I 300 at. 300.at. 300.CR. 300.at. 248.CR. 248.CR. 
effect m 'J. chance ' {W) O.CB. Oat. I Oat. oar. a.or. a.or. 52.CR. 52.CR. 

i i 

~A MarQlfl (percenfl co 223 14'>' 197.A 223 14'> :?2314'> 223.14'> 223.14'> 223.14'> 171 14'> 165.1% 
&fleet 1n 'J. chance m I 25"" Oat. Oat. Oat. I o.~ DCB. 52.~ 58.~ 

!General Notes. 
isum c. r Souores llllorgtn IS eoua; Io nomno1 morgrn mnus tne square-root or the sum of fhe squares of the 1ndivoducJ enecrs. 

!
For gate vo1ves. wom case unwedging fhrust equal fo lessor of 8CB. ot max. clOsmg tl'lrust or measured unwedging tl'lrust plus equipment inaccuracy. WhE 

tne rneosured unwedgrng tl'lrust exceeds 80% of the max closing tl'lrust. 1054'> of measured trvust is used. For glObe volYes. 3CR. is USed instead of 80%. 
Ooer. ··olve rector (VF) 1s fUnCfion of CIOS9 seating vF end sect angle <see Cl'lron 210928 for discussion).· For flow unaer S9ot globes. VF set to zero. 

!ooen :iem mu IS not mecsurea ounng testmg cue to eauJPment hfnnotJOns Tnererore. overage co.12) and 
los'- c<"'nl10ence level (0.20> valves tor Close stem m.i (from VTC test cote) ore used fer tl'llS parameter 

~Tnrs on:J~1s ooes not consJOer coriservot1Sm m DP 

!va!Ye Saec~1c Notes· 

•) '-'· 
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EVALUATION OF STRUCTURAL LIMIT MARGINS FOR Braidwood 2AF017A (CLOSE DIRECTION> 
~ Parameter Runs 

Parameter Row Worst Nominal High low low low Siem High High Eq. HighEQ. 

Avercv- case Ca. Inertia Ad.Th. Valve Acf.TQ. Mu 1SR lnacc. lnacc 
Cmx!b. em.rm. em..m. Deer. Ctoraue) (thrust) 

Ac:tualor Thrust Limit w 8800 88CO 88CO 88CO 8800 8800 8800 8800 8800 8800 8800 
Ac:tuctor T 01Que Limit (8) 99 99 99 99 99 99 99 99 99 99 99 
Va/Ne SfructuraJ Limit CC> 282% 28296 28296 28296 28296 28296 28296 28296 28296 28296 28296 
Va/Ne Mismic Umll CD> lOOl lOOJ lO«D lO«Xl IOOJ 104'.Xl 104'.Xl 104'.Xl 104'.l) 104Xl IO«Xl 

WClllf r.:ase Tomua Limit m 99 99 99 99 99 99 99 99 99 
WClllf Case ThNd Limll CF> 8800 8800 8800 8800 8800 8800 8800 8800 8800 

Stdic CST Thrust crnem.> CGl 35'.lll 3859 3508 3508 3508 3508 3508 3S08 3508 3508 3859 
CSflolQue <Generic SP) CH) 55.6 72 55.6 55.6 SS.6 55.6 55.6 55.6 55.6 72.3 55.6 
Slalic Sfem Fact0< OJ 0.0158 0.0158 0.0158 0.0158 0.0158 0.0158 0.0158 0.0206 0.0144 

Sf«n Pilch Ul 0.3333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 
Sfemlead CKl 0.6667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 
SlemDio cu l.CXll l.(XXl I.COO I.COO 1.000 1.000 1.000. l.COO l.CXX> 1.000 
sremThr-d CM> stub stub stub stub stub stub Slub stub stub stub 

Static: Cas·lelll Stem Mu CNl 0.1633 0.1633 0.1633 0.1633 0.1633 0.1633 0.1633 02664 0.1309 
Siem Mu Variation (0) o.cro 0.0250 0.000 0.000 0.000 0.000 0.000 0.025 0.000 0.000 ,O.(X(J 
As Found Stem Mu CP> 0.1633 0.1633 0.1633 0.1633 0.1633 0.1383 0.1633. Cl,2664 . 0.1309 
As Found Stem Foci. CQ) 0.0158 0.0158 0.0158 0.0158 0.0158 0.0147 0.0158 0.0206 0.0144 
iTSR (foraue chanael <Rl (11;, 5\, (11;, (11;, (11;, (11;, (11;, (1l;, 5% (11;, (11;, 

Spnnu l'oc k Relaxation (S) (11;, i (1l;, (1l;, 0% 0% 0% (11;, 0% 0% (11;, 

As Found CST lorq. m 56 56 56 56 56 56 58 72 56 
As FoUN:S CST Thrust (U) 3508 3508 3508 3508 3508 3n3 3683 3508 3859 
Inertia k:lc:tOI CV> IAl961 l.d6157 IA1961 1.46157 IA1961 141961 IA1961 1A1961 1A1961 1Al961 1A196123 
Maximum lhrusl (W) 4Q80 5127 4Q60 4Q80 4Q80 5356 5m 4Q80 5478 
Malumum Toraue ()() 79 81 79 i 7V 79 79 83 103 79 

I I 

~ i 
Thrust MorQm (percent) (Y) 43.4% 41.7% 43.4'1:. 43.4'1:. 43.4% 39.1% 40.6% 434% 37.7'1b 
eltec:t .,, 'r. cnanae I CZ> ! 1.i'lb O.~ O.~ 0.0% 4.3'l. 2.~ 0.0% 5.7'1b 

I 
Torque Margin !percent) CMl I 20.3'l. 17.9% 20.3'l. 20.3'l. 20.3'l. 20.3'l. 16.3'l. ·3.6% 20.3" 

ie1tecr 111 'r. chQnae <AB> 2.4'1:. 0.0% OCll. 0.0% 0.0% 4.0% 23.9% 0.0% 
IGeneQI Notes: -
:.u.'Tl c~ Sou ores Morgm is eoua1 to nomnal margin mnus 1he SQuare-root of tile sum or Ille squares ot tile 1ndividuat ettects. 

;:c, c=serv01rsm. no sonng pack relaxC110n considered. This anaJvsis aces not cons1aer conserv01ism 1n DP & LP 
1nerrc ~oc:to• vonoodlly assumeo to oe +/· 5'l. 
Minimum Stem Mu ot O 06 used m anolysiS ,..,_, apparent (measured) stotic: stem mu is Jess tnon O 08> 
Votve .>pec~ic Notes: 
Wor>- c:ose vo1ue auumea tor sonng POCK rQICXatron. 

Design 
Sumot 
Squares 

Thrust 

Sigrra 
LGV&i 

11.11 

Cont. 
Level 

100.00'J. 

1::, 

To1Que 

Sigma 
Level 
1.66 

cont. 
Level 

95.20'4 

35.6% 
7.8\. 

-.4.1% 
244% 

. 
-
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Values Parameter Runs Design 
Parameter Row Wont Nominal High High High High High Eq. High Eq. Low low Sumo! 

Average Cale Cale Packing Cloae Siem Mu LS8 lnaec. lnac:c. Motor Close 5quC11es 

ave VF Doomnd. (Imm .. ) (thrust) To....,.. Eflic:. 

. -- -- -- .. 
Valve· FOaor (isol:)~ -<Al 0.327 0.59 0.327 0.327 0.59 0.327 0.327 0.327 0.327 0.327 0.327 
DP <Bl Q() .. 

Q()-=- =-QO.,._, Q() Q() Q() Q() Q() Q() Q() 

Seal Diameter CC> 5.91 5.91 5.91 5.91 5.91. -s:Ql -5.91- -05.91 5.91 5.91 
DP load (0) BOS BOS 1455 BOS BOS BOS BOS BOS BOS .:-~ 

.) 

LP (E) Q() Q() Q() 90 90 Q() Q() Q() Q() 90 
Piston Eftec:t (F') 71 71 71 71 71 71 71 71 71 

Slalic Running Load CGl 743 943 743 943 743 743 743 743 743 743 743 
Valve Condition Load CHl tlJ 72 tlJ 72 tlJ tlJ tlJ tlJ tlJ tlJ tlJ 
!Total Slatic Load (I) 803 1015 8Cl3 803 8Cl3 8Cl3 8Cl3 8Cl3 803 

lotal Load CJ) 1680 1119'2 2328 1680 1680 1680 1680 1680 1680 

Stem Pitch CIC) 0.333 0.333 0.333 0.333 0.333 0.333 0.333 D.333 0.333 0.333 
Siem lead (L) 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 
Siem Dia CM> 1.CXXl 1.CXXl 1.(XX) 11XXl 11XXl 11XXl 1.(XX) 1.(XX) 1.(XX) 1.CXXl 
Stem ltuead (N) stub stub stub stub stub stub stub stub stub stub 

Static CST Thrust <meas.> (0) 3508 3157 ' 3508 3508 3508 3508 3508 3508 3157 3508 3508 
CST loraue Cestimatedl (P) 55.6 7228 56 56 56 56 56 72 56 56 56 
Static Siem Factor (Q) 0.0158 00158 00158 00158 00158 O.Cl206 00176 00158 0.0158 
Static tas-lenl Stem Mu CR> 0.1633 0.1633 0.1633 0.1633 0.1633 02664 0.2022 0.1633 0.1633 
ROL (c1tanae in thrust) (5) 5.0% 20.5% 5.0% 5.0% 5.0% 5.0% 20.S'lb 5.0% 5.0'lb 5.0'lb 5.0'lb . 
IDvnamic CSl lhrust m 3333 3333 3333 3333 2789 3333 2999 3333 3333 
IOvnamic Stem Factor CU) 00167 00167 0.0167 00167 00199 O.D217 0.0185 00167 00167 

cw:o Oearadalionl 
IOynam1c <as-left) Stem Mu CV) 0.1819 0.1819 0.1819 0.1819 02523 02891 0.2223 0.1819 0.1819 
Siem Mu Venation (W) O.CXXXl 0.0'250 o.cxm o.cxm O.CXXXl O.D250 o.cxm o.cxm O.CXXXl o.cxm. O.CXXXl 
'Dynamic <as·toundl Mu ()() 0.1819 0.1819 0.1819 0.2069 02523 02891 0.2223 0.1819 0.1819 

:Dynamic As-Found SF (Y) 0.0166 0.0166 0.0166 0.0177 ·00198 O.D216 0.0185 0.0166 00166 • Motor Rating Cl) 5.9 5.31 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.31 5.9 
T"mpera!Ute Factor <Ml I 1 1 1 1 1 1 1 1 1 

OAR <BB> 4) 4) 4) 4) 4) 4) 4) 4)" 4) 4) Sigma 
Clos.. [fticiency CC Cl 45'1> 40'lb .45% .45% .45% .45% 45'1> .45% .45% .45% 40'lb Leve! 
0..graoed vonaae COD> 419 419 419 419 419 419 419 419 419 419 3.'3 
Nom1r.al Voftage cm 4tlJ 

exi>ol'enl (FF) 2199 ! 2.199 2199 2.199 2.199 2.199 2.199 2.199 2.199 2.199 Cont. 
CloseMGC CGGl I 4683 4683 4683 4386 39'15 3611 4219 4215 4163 Level 

I 99.91'1. 

i i 
IMorQ1'l (percent) CHHl i 178.8% 166.2% 140.2% 161.l'lb 133.6% 114.9% 151.l'lb 150.9% 147.8% 75.9% 
lertect m 'r. cllanQe (Ii) ' 12.6% 38.6% 177% .45. 1% 63.8% 27.7% 27.9% 31.0'lb 102.8% 
CGeneral Noles· 

hum c• Souol85 Margin G&Quol to nomnol margin mnus the sauar;..root or The sum or the sauares ot the individual etlecls. 

j;,unnmg iooo moccurocv assumed 10 be the greaier of•/- 20'lb or+/· 200 lbf Va!Ve CondttlOfl IOOd inoccurocy assumed to_ be +/-20'lb. 
!~-1GC •. OOsed on ennonced MGC &Quott0n. lhe uncert01nty due to motor torque capooiliTy and actuator etficiency is considered. 

·Minimum stOltC. as-ien stem mu = 0.08 This onQIV5is ooes not const0er consel\/Q!Jsm m oegraoed voltage. OP&. LP 

lfo1nc,, ovei tne se01 globe vo!Ves. vollle toctor 11 set to zero. 

Valve Spec;ilic tlotes: 

. 



• Limit Close, Flow Isolation, Enhanced MGC is N/ A, Do Not Use This Sheet 
Values Parameter Runs Design 

Parameter Row WOii! Nominal High High High High High Eq. High Eq. Low Low Sumol 

Average Cale Cale Paclclng Clole SemMu ts8 lnacc. lnocc. Motor Oise Squcu• 
VF ~- (loraual (thrust) To,...,. Ellie. 

Valve factor CisolJ <Al 0.327 0.59 0.327 0.327 0.59 0.327 0.327 0.327 0.327 0.327 0.327 
DP CB> 90 90 90 90 90 90 90 90 90 90 
Seat Diamet., CC> 5.91 5.906 5.906 5.906 5.906 5.906 5.906 5.906 5.906 5.906 

DP load CD> 806 806 1455 806 806 806 806 806 806 

LP CE> 90 90 90 90 90 90 90 CJ() CJ() CJ() 

Pislon Etteet (F) 71 71 71 71 71 71 71 71 71 

Static Runninc;i Load CG> 743 943 743 943 743 743 743 743 743 743 743 

Total Load LJ) 1620 1820 2268 1620 1620 1620 1620 1620 1620 

stem P~ch CK> 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 0.333 -· stem'.ead (l) 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0.667 

Slemuia (MJ 1.CXXl 1.CXXl 1.CXXl l.CXXl 1.CXXl 1.CXXl 1.CXXl 1.CXXl 1.CXXl 1.(XX) 

Siem Thread CN> stub sfub stub sfub stub stub stub stub sfub stub 

Slatic CST Thrust <meas.> (0) 3508 3157 3508 3508 3503 3503 3!i08 3!i08 3157 3503 3Sl8 

CST Toraue <estimated) CP> 55.6 7228 56 56 ~ 56 56 72 56 56 56 
Slatic Siem factor (Q) 0.0158 0.0158 0.0158 0.0158 OD158 O:a.206 OD176 OD158 OD!S8 
Static (as·leftl Siem Mu CR> 0.1633 0.1633 0.1633 0.1633 0.1633 0.2664 0.2022 0.1633 0.1633 
ROL i.:nanae 1n lhrusl) <S> 5.or. 20.5'l. 5.or. 5.0l. 5.0l. 5.or. 20.5'l. 5.or. 5.or. 5.or. s.or. 
Dynamic CST Thrust m 3333 3333 3333 3333 2789 3333 2999 3333 3333 
Oyna:nic Stem foetor CU> 0.0167 0.0167 0.0167 0.0167 OD199 O.C!217 0.0185 0.0167 OD167 

(w10 Dearadation) 

IOvnamic: <as·telt) Stem Mu (V) 0.1819 0.1819 01819 01819 0.2523 02891 0.2223 0.1819 0.1819 
ISlem Mu Voriolion (W) O.<XXXl 0.0250 0.(XXXJ O.<XXXl O.<XXXl 0.0250 O.<XXXl O.<XXXl o.cxm O.<XXXl o.cxm 
~rnic: <as·toundl Mu ()() 0.1819 0.1819 0.1819 0.2069 02523 0.2891 0.2223 0.1819 0.1819 

i 
!Ovnamrc As-Found SI CY) 0.0166 0.0166 O.Dl66 0.0177 0.0198 0.0'216 0.0185 0.0166 OD166 
Motor RatonQ m 5.9 5.3i 5.9 5.9 5.9 5.9 5.9 5.9 5.9 5.31 5.9 
Temperature Factor CM>' 1 1 l 1 1 1 1 1 1 1 

OAR CBB> 4J 4J 4J 4J 4J 4J 4J 4J 4J 4J Sigma 
Close Enocoencv CCC) 45°4 4IX 45°4 45°4 45°4 45°4 45°4 45°4 45'r. 45°4 4l'l. Level 

·0eciroded VottoQe COD> A19 419 419 419 419 419 419 419 419 419 3.55 
~alllottOQe cm 460 I I 

~exponent cm 2 19C I 2.199 2199 219C I 2.19Y 2.199 2.199 2.199 2.199 2.199 Cont. 

~CloseMGC CGGl I 4683 I 4683 4683 4386 i 3925 3611 4219 4215 4163 Level 

I I 99.9n. 
~ 
i I 
IM01am (Dercenl) CHH) I 189.l'l. 176.8'. 1491°4 170.8'. 142.3°4 122.~ 160.4°4 160.2°4 157.0l. 82.5°4' 
l&lleet "' 'I:. chonoe (II) ! I 12.3°4 I 4Q(B, I 18 3°4 : 46.8°4 66.2°4 28.7% 28.~ 32 1°4 106.5°4 
PGene·ol Notes. 

!"""' c: >ciucires Morgon is eouo110 nomnol rrorgon mnus tne souore-roo1 01 tne sum 01 rne souores or me ndrvoauot eftecTs. Running lead 
f•no::::'"''ocv ossumeo tc oe tne greotet 01 •/· ~or•/· 200 lbl 110111e Condnoon IOOO IS no1 oppbcoble since ~ typocolly occurs ciner flow isolation. 

rvi.:;:: "ooseo on ennonceo MGC eoucnoon The uncen01nry cue to rrotor toroue copeoilny and ocluotor etllcoency is considered. 

Minimum Slo1oc:. os-19!1 Siem mu= 0.08 This onOlySis does not consider conservotlsm in oegroded vonoge. OP & LP 

;:or no·.v ovet tne sect glOoe vollles. valve toctor IS se1 to zero 

' 
Valve Specttic Notes: 
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