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Presentation Agenda

 Introduction |
e Site Program Status
. Actuator Thrust/Torque Capability
~ * Motor/Gearing Capability |
e Margin/Operability Methodology
. Des1gn Basis Assumption / Grouping Methodology
e P.L. Concern for Containment Sump Valves
 Valve Factor Statistical Analysis
 Rate of Loading Analysis |
« Stem Factor Analysis
e Periodic Verification
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Purpose of Presentatlon

o Dlscuss ComEd Progress Toward Closure of
Generic Letter 89-10 1nclud1ng Baseline Static
and DP Testing ~

® DlSCllSS ComEd Technical Inltlatlves

- Motor / Gearing Capability

- Actuator Structural Limits

- Margin Review / Operability Evaluation Method
- Valve Factor Grouping Method

— Other Technical Positions |

Intfbduétion -3



Presentatlon Agenda

. Introductlon |
 Site Program Status
 Actuator Thrust/Torque Capability
K Motor/Gearlng Capablllty
e Margm/()perablllty Methodology
e Design Basis Assumption / Grouping Methodology
* P.L. Concern for Containment Sump Valves
* Valve Factor Statistical Analysis' |
« Rate of Loading Analys1s -
 Stem Factor Analys1s o

¢ Periodic Verification -
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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



Integrated ComEd MOV
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LASALLE STATION




- LaSalle
Rising Stem MOVs
Testing Status
| Unit

1 2

Rising Stem MOVs 126 126
Static Test Completed 126 126
DP Testable Valves | 47 47
DP Test Completed @~ 39 47

2AASAALARALS

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

o 2o




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 L1R07 Outage
(Spring ‘96) ~




LaSalle
Butterfly MOVs
Testing Status

Unit

Butterﬂy MOVs
Static Test Completed

DP Te_stable Valves 4 |

DP Test Completed 4 | ,

| Status - 7



LaSalle
| Butterfly MOVs
Testing Schedule

—Baseline Static Testing COMPLETE
—Baseline DP Testing COMPLETE

— Periodic testing begins with L1R07
Outage (Spring ‘96) ~

RS
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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

letter.

Status - 9







Dresden

Rising Stem MOVs
~ Testing Status
| | - ~ Unit
Rising Stem MOVs B 78 18
. Static Test Completed 74 77
DP Testable Valves - o 36
DP Test Completed 29

R
% 3 BEECRIRIR

Status - 11



Dresden

Rising Stem MOVs
Testmg 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

Statu! |



Dresden
Butterfly MOVs
Testing Status

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




CLOSURE PLAN

Dresden intends to issue closure letter in
December of 1995 after on line DP testing
(HPCI) is completed following outage
D2R14. |
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~ Quad Cities
Rising Stem MOVs

Testing Status
| S Unit
1 2
Rising Stem MOVs N 79 79
Static Test Completed 7 5  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 con.siderat_ions.m »

...............................................
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Quad Cities
Rising Stem MOVs
Testing Schedule

— All unit 2 static baseline testing and DP
testing will be completed durlng Q2R13
(by June ‘95)

—~ All unit 1 static baseline testing and DP
testing will be completed during Q1R14
(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.




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



Z10ON STATION

Presented by Randy Mika




Z10on

- Rising Stem MOVs

Rising Stem MOVs
Static Test Completed

DP Testable Valves
DP Test Completed

Unit
1

93
89

54
38

esting Status at

93
93

54
46

Status - 21




- Zion
Rising Stem MOVs
Testing Schedule

— December 1995: All Static Baseline Testing
Complete

— December 1995: 102‘0f 108 valves DP tested
~1996: 6 DP tests |

— Periodic testing beglns w1th Z2R14 Outage
(Fall ‘96) |

Statugp22



Zion
Butterfly MOVs
Testing Status

Unit |
| 0 1 2
Butterfly MOVs | 6 15 13
Static TestCompleted 6 15 = 13
DP Testable Valves® 3 6 n/a
DP Test Completed o o 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..

Sttus - 23 )



.

- Zion

Butterfly MOVs
Testing Schedule

- All Static Baseline Testing COMPLETED in
December 1993

— March 1996: 9 DP tests

— Periodic testing begins with Z2R14 OQutage
(Fall ‘96)

Status



CLOSURE PLAN

Zion intends to issue closure letter by -
March, 1996 once all Unit 1 baseline static
and baseline DP testing (1nclud1ng butterfly
valves) is completed.







Braidwood

Rising Stem MOVs A
Testing Status
| | | Unit
Rising Stem MOVs - 91 91
Static Test Completed 91 91
DP Testable Valv_es | A46A 46 A
DP Test Completed 46 46 |

Status -27



Braidwood
ising Stem MOVs
esting Schedule

—Baseline Static Testing COMPLETE
—Baseline DP Testing COMPLETE

— Periodic Testing Beglns with A1R05
utage (Fall ‘95)




Braidwood @

‘Butterfly MOVs
- Testing Status
| o : - Unit
0 1 2
Butterfly MOVs 11 22 22
Static Test Completed 1 0 1
DP Testable Valves 3 7 7

DP Test Completed =~ 1 =~ 0 1




 Braidwood
Butterfly MOVs
- Testing Schedule

The current Braidwood schedule” is outlined
below. This meets the Braidwood commitment of
completing all baseline testing of butterfly valves
within 5 refueling outages of January 1991:

— December 1995: ~27 of 55 valves static baseline tested
— December 1995: ~9 of 17 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.




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.




Byron ' |

Rising Stem MOVs
Testing Status

S Unit
ising Stem MOVs 91 91
tatic Test Completed 91 91
DP Testable Valves 49 49

- DP Test Completed 49 49




| - Byron
Rising Stem MOVs
Testing Schedule

—~Baseline Static Testing COMPLETE
—Baseline DP Testing COMPLETE

—Periodic Testing Begins with B1R07
utage (Spring ‘96)

Status - 33



" Byron

Butterfly MOVs
Testing Status
Unit

0 1 2
Butterfly MOVs" 27 " 24 24
Static Test Completed 1 0 0
DP Testable Valves =~ 15 9 9
DP Test Completed 1 0 0

12 of these 75 MOVs cannot be tested under static




e B @
Byron

Butterfly MOVs
Testing Schedule

The current Byron schedule” is _oiutli'ned below.

This meets the Byron commitment of completing
all baseline testing of butterfly valves within §
‘refueling 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 baseline tests and ~4 DP tests

— Periodic testing begins with B1R09 Outage (Spring ‘99)

*This schedule is subjectv to bhange based on plant conditions.

...................................................

- 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. S -

Statu 6




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 recommendations such as:

» Actuator Structural Capability
» Motor/Gearing Capablllty
» Valve Factors

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

Program Features - 1




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 Coupling for N eles-Jamesbury
Butterly MOVs

Program tures - 2




| Important Features of
ComEd MOV Program

Actuator Thrust & Torque Limit Uncertainty
Valve Structural Limit Uncertainty
Seismic Limit Uncertainty

® Valve Factor. |
Revised margin ® Torque an(? Thrust (equi%n.nent inaccuracy)
ey ® Torque Switch Repeatability
& operability o ,
. @ Springpack Relaxation -
method which e .
. ® Rate of Loading
considers
. ® Stem Factor
multiple o Packine Load
sources of . I-ac tfngF O:
uncertainty 4.‘ 1\:thr la’l‘ . Oro tput Uncertaint
(random and . otor orque. u pp ncer. ainty
. : | ® Actuator Efficiency Uncertainty
bias)
°
o
®

Program Features - 3



Independent Technical Review of
ComEd Position Papers by MPR

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

- WP-122 “Kalsi Thrust and Torque Limits”
- WP-125 “Enhanced Motor/Gearing Capability”
- WP-129 “Margin / Operability Review Methodology”
- WP-156 “Motor Pinion Key Torque Limits”
- WP-154, WP-160, WP-164  “Valve Factor Methodology”

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

Program I'@ures - 4




" Technical »-Review of ComEd

Position Papers by MPR
(The Review Approach)

- Review poéition statement for:

well defined purpose
clarity

completenéss
appropriate limitations

Review technical justif’ication 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 technical basis for stated position
convincing"_presentation of position

A AR % A RCR LTS S AR I ‘é‘%i(:s R

Program Features - 5




Major Changes to ComEd
Position Papers resulting from
Independent Review Comments

o Actuator Structural lelts

., - Torque limits are now based on the Kalsi Phase II report
using the LTAFLA computer program.

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

® Enhanced Motor / Gearing Capability
~ Motor capa01ty is now verified by testing

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

— Other efficiency data is being solicitted

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

- Voltage Exponent Increased based on Test Data

Program ures - 6



Major Changes to ComEd
Position Papers resulting from
Independent Review Comments

® Margin Review / Operability Criteria
— All uncertainties (bias and random) are explicitly
considered
— Random uncertainties are statistically summed

— Acceptance Criteria based on rellablllty and safety
significance rather than percent margin

® Valve Factor Methodology

— Valve 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 population.

Program Features - 7



Design Basis Assumptions
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Difference between Design
Philosophy and Margin/Operability
Review Methodology

@ The Margin Review / Operablhty Evaluatlon is a ﬂuld
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/ (’ ﬁlng - :




- 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 coeffiment
— rate of loading factor

— inertia factor

—~ unwedging factor

f)esign/ Greun



Margin in Design Basis
Target Thrust Windows

Additional margin of approximately 20% to 30% is added
to the calculated required thrust to account for
uncertalntles 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 / (‘uping - 4
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Critical Attributes of a Grouping Method

® Must be Predictive, not Reactive

® Must be Reasonably Stable

® Must be Statistically Significant




Parameters. for which Grouping Is Useful

® Valve Factor

® Rate of Ldading

~ Stem lubricant appears to be the only parameter which
significantly effects the average and standard deviation

for ROL

® Stem Factor

— Identification of anomalles

- 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

De81gn / Gl‘Ouplng 7 v A AR R/



‘Para’meters for which Grouping
Appears to Provide Minimal 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 lubrlcant (of those used at ComEd statlons)
» 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 /- uping -
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Parameters 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

| ana1y51s on the following parameters:

— Unwedging Factor

— Inertia Factor

Design / Grouplng 9



Pressure Locking Evaluation
for Byron and Braidwood
Containment Sump MOVs




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

B'raidwqod Support Engineering




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 determine opening forces.

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

~ PL-3



SI-8811 Minimum Capability
- (preliminary results)

Maximum Pullout ihcluding 22,717 1bf
measurement inaccuracy |

Minimum MGC at degraded 77,375 1bf
voltage and elev. temperature

MinimumAvailable | - 54,658 1bf
Capability | : :
Maximum Bonnet Pressure = = 250 psig

at Minimum Capability




Bonnet

Unventable
air volume ‘

stem .

Unventable Air volu-me is calculated to be approximately
3% of trapped volume. | |

3
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‘Correlation between Temperature
Increase and Bonnet Pressure
(preliminary evaluation)

® A temperature increase of 80 degrees
Fahrenheit would be requlred 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.




Description of 3-D Heat
Transfer Model

(prellmlnary evaluatlon)

° RWST Temperature of 95° F

® Accident Containment Sump Peak Temp of 250° F
(suctlon line slopes to valve)

e Mass of Valve 8900 1bs.
e 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
phenomena is considered to be
unlikely. Continued plant
operation is justified pending
long term resolution of this issue.




omKEd Valve Factor
‘Methodology

- and
Statistical Analysis Results




ComEd ValVeF'actor Grouping Criteria
and Valve Factor Statistical Analysis

* Used for selecting Desigh Valve
Factors for all MOVs

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




'Valve 'Faetei' Values used in
Margm Review / Operablhty
| Evaluatlons

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 faotor methodology recently.

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

A nominal and a conservative (2 sigma) valve factor are
determined for untested MOVs. (The previous method
was based on usmg a s1ngle conservative valve factor
Value ) ~

Other changes suggested By MPR concerning
extrapolation and applicability have also been
1ncorporated




' GENERAL FORM OF VALVE
FACTOR RELATIONSHIP 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 Fact'ors
typically decreased with Size and DP for a
Vendor/Pressure Class Group |

class

% vendor_ — VFO _'o;.SiZe — B DPtest




‘Test Data Used in Valve
Factor Analysis
o EPRI Test Data - "

~ Accurate, on-line measurement of thrust and DP
- Multi-point DP data
- Limited population of valves

® ComEd Test Data |
~ Wide range of DP loads
~ Large popul‘ation of valves
- DP data not collected on-line o
—~ 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 makés outlier review difficult




. |

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 varlablllty for valve factor to be greater
than it actually is.

VF Variabil_ityca,w,a,edi = \/ (VF Variabilityac,ua,)2 + Z:(Inaccuracy)2

“measurements




Valve Factor Equation and
Sources of Inaccuracy

s 2
- R nslallc) 4 D stem

(MR, s = Rt} ~(C11 e \LPser — L)

VF=

___DZ

x DP
4 seal

test

® Thrust measurement accuracy (MRT; tost ~ Runpp (o)
due to Callbratlon accuracy (~9%)

® Other thrust ‘measurement accuracy effects
- — Noise | |
- Cyclic Loadmg (yoke oscﬂlatlon)

® DP measurement accuracy (~ 0%)

e Potential Valve Condition Load (C11,,,, - Rung,,.)
change between static and dynamic tests




Regression of Valve Factor (adjusted) vs
Valve Size (VENDOR xxx# Class)

Example of

Regression |
Output
F‘;\%PI‘\:)ER Conservative Grou.p VF (2 sigma)
(w/DP '
factor) |

Average Group

VALVE SIZE analysis date




EmpiricalMethodology b‘as.ed on
Test Data and Engineering First Principals

Statistical (regréssion) 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:

97.6% (2 sigma) Confidence Bound on valve factor for all valves

Conservative Group Valve Factor:
97.6% Confidence Bound on Valve Factor for predictable valves (no
static indications of a potentially high valve factor

DP Factor:

Estimated chahge (reductlon) in valve factor per psid increase in the
design DP




Static Indicators of High Valve Factors

e 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.

e ComkEd 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.




Final Valve Factor ®
Regression Curve

Regression of Valve Factor (adjusted) vs
Valve Size (includes all data points)
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Selection of Data Sets for Determining
the Nominal Valve Factor Regression Curve

O

Low DP load data is 1ncluded in determlnlng the nomlnal
valve factor line

~ The i inaccuracies are random and do not blas the average.




Developing a Valve Factor @
Regression Curve |

Plotting the Nominal VF Line

Regression of Valve Factor (adjusted) vs
Valve Size (includes all data points)
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Plottlng the Boundlng and
Conservatlve Group Valve Factors

The‘Regression Equ’ation for confidence bounds is:

Vi (512€) = Vs + 1 " + 02 (size— k)

-t represents the “St,udent’s, T” value corresp.onding to
the desired confidence 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)

Y Y (standard error of estimate) represents the

standard deviation for valve to valve varlablllty (and
measurement 1naccuracy) -

VF-15



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

Low DP load test data is excluded in measurlng the y value
for valve to valve varlablllty '

— Measurement inaccuracy for this data is very high and
would artificially inflate the va_lve to valve variability terms.

Data pomts for valves w1th statlc test lndlcatlons of high
valve factors :

— Are included in meeisuring the y value for the Bounding
Group Valve Factor.




Effect of DP Load on Valve
- Factor Accuracy

e Tests for Whlch the expected DP load exceeds 4000 1bf are
designated ngh DP Load Tests by ComEd.

e Valve Factor inaccuracy due to noise, cyclic loading, and
valve condition load inconsistency are generally not
SIgnlficant 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%. |

e 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.




Basis for Defining Low DP Load Tests
as less than 4000 1bf DP Load
(ComEd White Paper 166)

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

e Valve Factofs for globe valves which should

always equal approximately 1.0 vary significantly
from 1.0 for DP loads below 4000 1bf.

e When Valve Factor variability is plotted against
DP Load, the amount of scatter stabilizes after
4000 1bf.

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




® 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 Data Sets for Determining the
Conservative Group Valve Factor
Regression Curve

Low DP load test data is excluded in measuring the y
value for valve to valve variability

Data points for valves with static test 1ndlcat10ns of high
valve factors

~ Are excluded from measuring the y value for the
Conservative Group Valve Factor

Valves with extremely low valve factors

— Are excluded from measuring the y value for the
Conservative Group Valve Factor if they are the

dominant contributors to the valve factor confidence
band width.




o 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
[VF easureda T3 xDP,. ] as a function of valve size for
different values of §.

® The $ value which minimizes the variability of the
data about the regression line is the best estimate for
the DP factor (8).

® Inaccuracy in seleéting 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 I
variability for a regression analysis (equivalent to the

standard deviation for scalar statistical analysis).

EXAMPLE: | |
- DP Factor | - Standard

R ) Error of Estimate
0.00000 0.2071 .
0.00005 | 0.2016
0.00010 . 0.2003
0.00015 0.1981
0.00014 O.‘l975

VF - 22



Examplé of Valve‘ Factor Dependence on
Differential Pressure (EPRI MOV # 16)

Disk Coefficient of Friction vs Test DP
For EPRI MOV 16 (3" A/D 900# Class)

0°7Z i  ComEd White Paper
| | | 170 provides an
MINNY ._ ; analysis of the
065 | \;k\\\ | remaining EPRI
NSNS {  Test Data and
055 f \\\‘i ~ T shows similar DP
0 NN  dependence for all
oas = " {  other EPRI MOVs.
0.4 F ™~ ]
0.35;
0‘3: FUWS Y BT PRTE PWws P
0 400 800 1200 1600 2000

Test DP

S LI A AT YA 2




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)




- Anchdr/Darling_ Flex-Wedge
Gate Valve Example

PRELIMINARY (150 # Class), PRELIMINARY
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Anchor/Darling Flex-Wedgé
Gate Valve Example

PRELIMINARY (300 # ClaSS) PRELIMINARY
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Anchor/Darling Flex-Wedge
Gate Valve Example

PRELIMINARY ( # Cl ORELIMINARY
| 900 ass)
1 _
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Anchor/Darling Double-Dis
PRELIMINARY Gate Valve Examples PRELIMINARY
(cold water, all classes)

0.9

0.8

0.7

0.6 S

Valve Factor (with zero DP Factor)

0.4 , S

= = T ° Bounding VF
0.3 == =" Cons. Grp. VF
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| Anchor/Darling Double-Disk
 PRELIMINARY Gate Valve Examples PRELIMINARY
- (hot blowdown, 900# classes)

0.8

0.7 _Seating (non-preferred orientation)
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0.5 i Seating (preferred orientation

04 |

1
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031 Flow Isolation (both orientations)
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Crane FleX-Wedvge |

Gate Valve Examples
PRELIMINARY (300 # Class) PRELIMINARY
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Crane Flex-Wedge

- Gate Valve Examples
PRELIMINARY (900 # Class) PRELIMINARY
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Crane Fleji—Wedge
Gate Valve Example
PRELIMINARY (900# Class Blowdown) © PRELIMINARY
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Powell Solid-Wedge
| . Gate Valve Example
PRELIMINARY (150# and 300# Classes) PRELIMINARY
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Valve Groups for Which Regression
Analysis will not be Performed

Groups for which data is not avallable 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 Insufflclent to Perform Statistical
Analysis

— Crane 150# Class valves

- WKM Double-Disk gate valves

— Copes-Vulcan Double-Disk gate valves

— Crane-Chapman Split-Wedge gate valves
~ Aloyco Split-Wedge gate valve :




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 [ x DP,.;.,]. 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 valve
factor is set equal to either the Conservative Group
Valve Factor or the Bounding Group Valve Facto
reduced by the quantity [ x DP

design] .




Extension of Valve Factor Regression
Curves to Untested Valve Sizes

® Interpolation of regressmn curves to intermediate
- untested valve sizes is allowed.

e Extrapolation of regression curves to valves
significantly smaller than the smallest tested
valve in the group is not appropriate.

e 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.




Valve Factor Equation |
Technical Basis
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ComEd Valve Factor Basis
Hard Seat Contact Valve Factor

e 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

N2 close open
- Runs!altc) - D (LP ppest ~ LPpp Tesl)

(MRTDI_’?‘esl_RunDPTeVS‘I) (C“ 4 sfem.

SfalIC

VE =

b DZ
4 seat

x DP

test




ComEd Valve Factor Basis
Hard Seat Contact Valve Factor

The ComEd Methodology for cél»cula»ting Valve Factor is

based on the Required Thrust for an MOV consisting of 4
1ndependent effects.

— Static Runnmg Loads (packing, dlsk & 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.




ComEd Valve Factor Basis
Hard Seat Contact Valve Factor
DP Test Thrust Components

DP Load

9000
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7000 |
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3000 Static Run
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‘ComEd Valve Factor Basis
Origins of Valve Condition Load

@ VCL was first iden‘tified by reviewing globe valve DP tests

Many thrust traces for statlc 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 / disk / stem / yoke assembly
appears to gradually (over 50 to 300 ms) build up after
seating for some valve designs.

Since hard seat contact for DP tests is marked at the end of
rounding in the thrust trace, this soft seating effect would be
treated as part of the DP load by the standard mdustry 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.

* -

VF -41



ComEd Valve Factor Basis
Valve Condition Load

Gate valve static tests also show indications of Valve
,Condltlon Load

VCL is typically less than 400 lbf but has been observed
to be greater than 10,000 1bf on occasion.

Some valve designs such as large Crane 900# Class valves
appear to be more susceptible to high VCL values.
However, the value of VCL 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.




ComEd Valve Factor Ba81s
Valve Condltlon Load |

° Slmllarly, ComEd does not con51der that the VCL should
be 1gnored in the MRT equation while calculating valve

factor using the standard industry equatlon and the
thrust at the end of the VCL effect.

‘@ On the other hand, ComEd does not consider it to be
appropriate to double count the VCL by including it in the
MRT equation while calculating valve factor using the

standard industry equatlon and the thrust at the end of
the VCL effect

o The ComEd valve factor methodology 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 the DP load.

VF -43



ComEd Valve Factor Basis
Valve Condition Load

(continued)

® A review of ComEd test data suggests that thls 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
condition load is the same under dynamic and static
conditions should result in greater variability in the range of
measured valve factors. <

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




ComEd Valve Factor Basis
Valve Condition Load

Expanded View of Seating for Static Test ~ Hard Seat
| Contact
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~ ComkEd Valve Factor Basis
Valve Condition Load

Full View of DP Test (DP Load Portion) |
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ComEd‘ Valve Factor Basis

Valve Condition Load

Expanded View of Seating for DP Test
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Technical Basis for Flow
Isolation Valve Factors
~and
Use of Flow Isolation
Valve Factors |

- - Presented byBri‘an Bunte




Use of Flow Isolation Valve Factors

e Used for operability Aevalua‘ti(‘ms 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




ComEd Valve Factor Basis
Flow Isolation Valve Factor

® Based on Max1mum Thrust up to and including flow
isolation

e Flow Isolatlon Pomt determmed usmg accelerometer
traces LS

® White Paper 131 Methodology is used to calculate the
isolation valve factor. However, valve condition load is
- not removed from apparent DP Load when the static
test indicates that this load occurs after flow isolation
(the normal occurrence).




. Identifying Flow Isolation
and Initiation Using
Accelerometer 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. |

e — — |

Time in Seconds 29.568.
Calibration Range: 2557 to -7791 1bs.

Page 51 .



Identifying Flow Isolation ®
and Initiation Using
Accelerometer Traces

Expanded view of flow isolation
region from previous trace.
Caviation noise abruptly ends at
flow isolation. |

¥ v ¥ L] LI v v e
s228> sa3>e» | 4 P’.’ . SBres $£703

LI v T T v ~

¥ v LA
520y sI70 [ 33421 58203 56203

Tiwe in Seconds 54.583 .
Calibration Range: 2557 to —7791 lhs.

-
[ 22 ] 2
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® Identifying Flow Isolation
and Initiation Using
Accelerometer 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

Yv2/393
12:14:25

UOTES SENSOR

Force = —1811
(1bs)

Time in Seconds 78.182
Calibration Range: 419 to —14446 lbs.

Page 53



Identifying Flow Isolation
and Initiation Using
Accelerometer Traces

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

Test: 4
12:14:25 Soeo
UOTES SENSOR 3
Force = 3854 "”'E
(1bs) 3
=x:'.!l !l;l !"!l .7;‘ .;;S Q,‘Ol
TOTAL 3
UIBRATION ile
-8.357 i-e
s
-3.9
30
-€.0
7 0~ Ty Ty Y - ™ v vy
L 111 9EeS L1274 e 9998 9998

Time im Soeconds 4.694 o
Calibration Range: 419 to —14446 lbs.
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I «

" Cold Water DP Test
Thrust and Vibration Traces

Tesf: 2? A , Ta
8/1/94 - |
9:32:14
UOTES SENSOR
Force = —1798 -50000
C1bs)
SPKS RUD

TOTAL

UVIBRATION

' —1.887
- (g’s)

VE _»55 | ComEd



Cold Water (Opening) - Flow Initiation .
Flow Meter vs. Vibration

FLOW (GPM)

3800
3000 (\fq‘

2500 7
2000 - ‘/’—
' . 1S00 ‘ : /NV ‘
1000 ‘///’ . .
_ /

500

6.43 7.43 .93 8.43 8.93 9.43 9.93 10.43 10.93 11.43 11193

9:32:14
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(lhs’ 20000
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-0 "" VW L I o A AR B A i A S N e Bub us st SEn Sm A a4
. 9 1 o013 60048 2008 . 00048 { FY
‘ -0
TOTAL i
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-8.817 83
(g’s) 3.8
2
Sz I ]
%001 O'Ol ‘:Ol ) i ';0;: R fo:.o; o f';.o‘

Time in Seconds 4.881

Time - Motor Start  Graph Start _
Scale Flow 3.00s 6.93 s
Reconciliation: VOTES 0.07 s 400s
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Cold Water (Closing) - Flow Isolation
Flow Meter vs. Vibration

FLOW (GPM)

1500

AN

12b6 13.76 14.76 15.76 16.76 17b6

Timxc;: )7”’39 ams 2893 39999 099 t}1s9s
Time Motor Start Graph Start
Scale Flow 3.00s - 20.95s

Reconciliation: VOTES 27.24s 37.00s
VF - 57 ComEd



Steam BIOwdown DP Test
Thrust and Vibration Traces

Test: 10
726794
15:32:58

VOTES SENSOR

v 4
E0004

TOTAL
UVIBRATION
-1.531
(g’ =)

T
so0001

Time in Seconds 208.183
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Steam Blowdown (Opening) - Flow Initiation
| Flow Meter vs. Vibration

FLOW (LB/HR)

200000

150000

- | ///

s.§e . 6.26 7.26 8.26 9.26 - 10ke6

Time | Motor Start Graph Start
- Scale Flow 3.00s 526 s
Reconciliation: VOTES 4274s = 4500s

VF-59 Com=d
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Steam Blowdown (Closing) - Flow Isolation '
- Flow Meter vs. Vibration

FLOW (LBS/HR)
50000 \
o000 \*‘&,.acp#:mq@’M~
Test: 18 [ ) St | — Tag: j'-
7/.26/.94 . ° - 1

15-32.& H T

Time in Seconds 28.248

Time Motor Start  Graph Start

Scale | Flow 3.00s 20.95 s ’

Reconciliation: VOTES 0.05s 18.00 s
| VF - 60 ComZ=d
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EPRI Valve Factor BaSlS

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

e Flow isolation point based on dlsk pOSlthIl at which
hydro-pressure bleeds off when valve is opened

e 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
Isolatlon Point is used to determme the valve factor.




Related ComEd Documents

White Paper 131 (rev 0)
“Valve Factor Calculation Methodology

White Paper 134 (rev 0)
“EPRI Valve Factor Data”
White Paper 164 (rev 1 - in preparation)
“Anchor/Darling Flex-Wedge Gate Valve Factors
White Paper 160 (rev 0 -in preparatlon)
“Crane Gate Valve Factors”
White Paper 164 (rev 1-in preparation)
“Anchor/Darling Double-Disk Gate Valve Factors”

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

WhitevPaper 173 (rev 0 - in preparation)

“Westinghouse Gate Valve Factors”

White Paper 174 (rev 0 - in preparation)
“Velan Gate Valve Factors”




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.
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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 determlne
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



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,EI& TSR | ROL alone Slze
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 R
| 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.

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




o @ @
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.= \/ ( ROL Variability) g ( Torque Sw. Rep.) "4 ( Eq. Inacc.)2

Therefore, the uncertainty due strlctly to ROL variability
can be solved for as follows.

ROL Variability = \/( Overall Std Dev.)2 —( Torque Sw. Rep.)2 —(Eq. Inacc.)2

ComEd White Paper 124 proVides further details on ROL.
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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. (ComEd White Paper 124 (rev. 1) discusses

this in more detall )

Average Standard Population
, Deviation
AllMOVs 6.02% 7.83% 194
Standard Acme Thread 65.13% 7.82% 126
Stub Acme Thread 4.81% 7.89% 68
Gate Valves 6.33% 8.13% 130
Globe Valves 4.38% 7.19% 64




TEM FACTOR

Presented by Ivo Garza




em Types and Stem Lubricants
Applicable to ComEd Stations

e Stem Types
— Standard ACME Threads
— Stub ACME Threads

® Stem Lubricants
—~ Fel-Pro N-5000
- Mobilux EP-1
— Nebula EP-1 : | |




- 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 MOVs

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.
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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 the 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 generally 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.

~




Stem Frlctlon Coefflclent in
Design Calculations

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

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 margih 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.




Stem Factor Varlablllty
(Defmltlon) o

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 functlon o

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




e
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Stem Factor Variability
- (ComkEd Test Riesults 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.
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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 statlons.

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 approximately zero.




Stem Factor Variability
(Future ComEd 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 change 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
ComkEd stations.
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Sample of Margin Review /
A Operability Evaluation
o ~ Worksheet




1/

INPUT DATASHEET Vaive Number: 2AF017A  Station: Braidwood aes

821 AM
| Bounding ’ . Nommal Bounding
Close Vaive Factor (seating): 059 Close (C14) Thrust Inaccuracy: 0% 10%
Close Voive Factor (isolation): 059 Close (C14) Torque Buasis: G
Seat Diometer n/a (VaVTC, T=lested Spring Pack, GsGeneric Spring Pock)
Seat Angle n/a Torque (C14) inoccurocy (IAW basis): 0% 30%
Stem Diameter n/o Open (O9) Thrust inaccuracy: 0% 52%
Stem Pitch n/a Stern Mu Variation: 0000 0SS0
Stemn Lead n/a Rate of Loading: 50% 20.5%
Stem Threod Torque Switch Repeatability: 0% 5%
Spnng Pack Retoxation: 5% n/o
Close DP (design): % n/a
Close LP (design): n/a Close Running Load (static):
Open DP (design): (] n/a Valve Condition Load (static):

CST Thrust (static):
n/a - CST Torque (static):
n/o C16 Thrust (static):
n/a
n/a Open Running Load (static):
n/a O9 Thrust (static):
n/a
n/a Torque Switch Bypassed beyond C107? (Y/N): N
n/a Volve Type (DD Gate. FW Gate, or Globe): fw gate

Motor Rating (ft-bs)
Temperature Factor
OAR

Close Efficiency:

Open Efficiency:.

Nommna! Voitage
Degraded Voltage
Vohtoge Exponent (AC=2)

Enhanced Motoi/Gearing Capabiity inputs :

Normmal Bounding ‘ DPTested? (Y/N): N
Motor Rating (ft-itos) Setup Point Adjusted after DP Test (Y/N/nQ): NA
Close Efficiency:
Open Efficiency

Flow Direction GLOBES ONLY (over, under.orna): NA
Voltoge Exponent (testing) ’

Structural Limits tor Vaive and Actudtor
Nommal Bounding

Prepared By: [ SN Actuator Thrust Lirmit

Actuator Torque Limit,
Reviewed By. 1! Vaive Structural Limit (ciose):
Vawe Structural bmit (open):
Vawve Sesmic Limit:
SUMMARY OF MARGIN RESULTS _
SEORCE EH-1B
) MARGIN APPLICABLE SIGMA RELIABILITY SIGMA SIGMA
TORQUE CLOSED. ]
SEATING VF 3.14 95.9% 474
TORQUE CLOSED, FLOW
ISOLATION VF 327 o 9.9% 473 -
L\:;M" CLOSED. SEATING No 3.95 100.0% ‘835 -
PO CLOSED” ~
JENHANCED MGC, No 348 100.0% 864
JSEATIALL ME -
LIMIT CLOSED: FLOW ‘
ISOLATION VF No . 4.06 lm.u?u 831
JOTNT CTOUSED:,
ENHANCED MGC, FLOW No 3.55 100.0% 863 -
TaVIRY. 4
CLOSE MG&C, :
LIMITORQUE 3.24 M : 8
CLOSE MGC,
JENHANCED MGC 290 o.6% : n
OPEN MGC,
LIMITORQEE 344 100.0% 750 -
OPEN MGC, ENHANCED
Imec YRV 100.0% 2 .
OPEN STRUCTURAL . .
LIMITS  forque) 11.54:7.69 100% : 100% 572 9
CLOSE STRICTURAL . .
LIMITS : torque) 1L 1.66 100% : 95.2% 344 12




"EVALUATION OF TST MARGIN FOR Braidwood 2AF017A USING SEATING VALVE FACTOR

jvaive Specific Notes:

WOoTrst COse value assumed tor spnng pock relaxation.

Sum of Squates Margin s equal 10 NomMNol MAargin MINUs the squUore-1oe! Of the sum of the squares of the inaividuol effects.
Runnir.g looo moccurocy assumed to be the greater of +/- 20% or +/- 200 Ibt. Voive Condition 1oad INOCCUIoCy assumed 10 be +/-20%.
This onalysis does not consider conservatsm in DP & LP
FOr Now: Over the seat giobe valves. vaive tactor s set 1o zero.

Vaolues Porameter Runs N Design
[Parameter Row Worst [ Nominal[ High High High High High | HighEq.| Sum of
Average | Case Case | Packing VF  (SemMu| LS8 TSR Inocc | Squares
ave Degrod. (thrust)
Valive Foctor (sealing) [N 0327 059 0327 0327 050 0327 0327 0327 0327
fop (B) 0 3] %0 90 90 3) 3] %0
Jsect Diameter (©) 5906 5906 | 5906 | 5906 | 5906 | 5906 | 5906 | 5906
DP Load []) 806 806 1455 805 806 806 806
LP (E) 0 90 3) S0 [ 3] 90 0
IPiston Effect [(2) N 71 71 71 N 71 7
Static Running Load (G) 43 43 743 o43 743 743 743 743 743
Valve Congltion Locd (H) &0 72 60 72 &0 0 &0 0 &0
Total Static Load [0} 803 1015 | 8m 8 8m 8m 80
Total Load [ 1680 1892 2328 1680 1680 168C 1680
Stem Pitch ) | 03333 0333 0333 0433 0333 0333 03313 0333
Stern Lead [ 0.6667 0667 0.667 0467 0.667 0667 | 0667 0.667
Stem Dic (M) 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Stem Thread (N) stub stub stub stub stub stub stub stub
Static CST Thiust (meas.) (0) ‘3508 3157 3508 3508 3508 3508 3508 3508 3157
CST Terque (Generic SP) [¢4) 55.6 55.6 85.6 5546 55.6 55.6 556 556
Static Stem Factor Q) 00158 | 00158 | 00158 | 00158 | 00158 | 0018 | 00176
[static (os-ieft) Stem Mu (R) 01633 | 01433 | 01633 | 01633 | 0.1633 | 01633 | 02022
ROL (change in thrust) (S) 5.0% 20.5% 5.0% 5.0% 5.0% 5.0% 20.5% 5.0% 5.0%
}er_'ngrmc CST Thrust m ) 3333 3333 | 3333 3333 2789 3333 2099
Dynamic Stem Foctor ) 00167 | 00167 | 00167 | 00167 | 00199 | 00167 | 00:85
(w/0 Degradation)
Dynomc (os-left) Stem Mu V) 01819 | 0.1810 | 01819 | 01819 | 02623 | 01810 | 02223
Stern Mu Vanation w) § 00000 | 00250 § 00000 { 00000 | 00000 | 00250 | 00000 | 00000 | 00000 | Sgmo
IDynamic (as-tound) Mu o) 01819 | 0.1819 | 0.1819 | 02060 | 02523 | 0.1819 | 02223 | teve!
§Dyn. (os-found) Stem Foct. m 00167 | 00167 | 00167 | 00178 | 00199 | 00167 | 00185 | 3.14
fTSR (torque change) [ra) 0% 5% 0% 0% ‘0% 0% % 5% % i}
I1Spring Pack Reloxation (AA) 5% S% 5% % 5% - 5% 5% 5%
Dyn. (os-found) CST Torq. (B8B) 53 a3 53 3 53 0 53 Cont.
Dyn. (as-found) CST Thrust (€O 3166 | 3160 3166 2964 2649 3008 2849 Leve!
‘ : 99.91%
IMargu: (percent) 1 (DD) 885% | 758% | 4909% | 764% | 57.7% | 790% i 696% | 32.0%
Jeffect in % change t (EE) ] 126% | 386% [ 120% | 307% | o4% 18.8% | 564%
General Notes: -
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3714195

EVALUATION OF TST MARGIN FOR Braidwood 2AF017A USING FLOW ISOLATION VALVE FACTOR 821 Av
Values Parameter Runs Design
%Pararne?er Row worst | Nominal| High High High High High | Hightq | Sumot
Avetage | Case Case | Packing VF StemMu| LS8 TSR inocc | Squares
Degrod. (thrust)
Vaive Foctor (seating) A 0327 0.59 0327 0327 059 0327 0327 0327 0327
| o] (B) Q0 0 0 0 0 90 90 LY
|sect Diameter (© | 5906 5906 | 5906 | 5006 | 5906 | 5005 | 5906 | 5906
{DP load ) 805 805 1455 80 805 80 805
LP (E) 90 90 90 90 0 90 90 90
{Piston Eftect 2] 4l 71 71 7 7 71 7
Static Running Loax G) 43 [Z<] 43 (<] 43 p2<] 743 743 743
Total Load [3)] 1620 1820 2268 1620 1620 1620 1620
Stem Pitch K 03333 0333 0333 0333 0333 0333 0333 0333
Stem vead (L ] 06667 0.667 0667 0.667 0.667 0.667 0.667 0667
Stem Dia M 1.000 1.000 1.000 1.000 "1.000 1.000 1.000 1.000
Stern Thread (N) stub stub stub stub stub “stub stub stub
Static CST Thrust (ramas.) (O) 3508 3157 3508 3508 3508 3508 3508 3508 3157 -
CST Torgue (Generic SP) (P) 55.6 ) 55.6 55.6 556 | 556 556 55.6 556
Static Stem Factor @ ‘] 00158 | 00158 | 00158 | 00158 | 00158 | 00158 | 00176
Static (as-left) Sterm Mu {R) i 01633 | 01633 | 01633 t 014633 | 01633 | 0.0633 | 02022
ROL (change in thrast) (S) 50% 20.5% 5.0% 5.0% 5.0% 5.0% 20.5% 5.0% 5.0%
Dynarne CST Thrust m - 3333 3333 3333 3333 2789 3333 2999
Dynarnuc Stemn Factor w) 00167 | 00167 | 00167 | 00167 ( 00199 | 00167 | 00185
(w/0 Degrocktion)
Dynamic (as-left) Shem Mu ) 01819 | 01819 | 01819 | 01819 | 02523 | 0.1819 | 02223
Stem Mu Varigtion . w) 00000 |.00250 | 00000 | 00000 | 00000 [ 00250 | 00000 | 00000 [ 0.0000 | Sigmo
amic_(as-touned Mu o) 0.1819 0.1819 0.1819 02060 02523 0.1819 02223 Level
n. (33-found) Sten Fact. [40] : 00167 | 00167 | 00167 | 00178 | 00199 | 00147 | 0D18S 3.27-
TSR (torque change) @) 0% 5% 0% 0% 0% fo:3 0% 5% 0% '
Sprng Pack Reloxaton (AA) 5% 5% 5% 5% 5% 5% 5% 5%
Dyn. (as-lound) CST Jorq. (88) 83 53 3 53 3 50 3 Cont.
Dyn. (as-tound) CSY Thrust (CC) - 3146 3166 3166 2964 2649 3008 2849 Level
99.95%
IMargin (percent) (OD) | 9548% 83 1% 55.4% 82.9% 63.6% 85.7% 75.9% 37.1%
\atlect in % change | (EE) - 12.3% 00% | 125% 31.9% 9.8% 19.5% 58.4%
iseneral Notes: . '
ESurn o Squares Morgm 5 equal 1o NOMNG! MatgN Minus the square-root of the sum of the squares of the mdvidual effects. Running load
Jmaccurocy assurmned 10 oe The greacter of +/- 20% of +/- 200 bt. Vaive Condition lood s not cpobcoble since it typically occurs after flow solation.
This onatvsis Goes MOt consider conservatsm m DP & LP
FOr NOw OVer 1Ne SET GIoDe VOives. vaMe Toctor i set 1o 2er0.
!vcrve Specific Notes
FLUOf! SOS6 vare assumed 1T SDING DOCK FeIaxahion
L
;
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Limit Close, Sedating is N/A, Do Not Use This Sheet
Values Parameter Runs Design
Parameter. Row Worst | Neminal| High High High High | High Eq. | High Eq.} Sum of
Aveioge | Coase Case | Packing| Ciose |Stem Mu S8 thace. | inocc. | Squares
&VC VF Degrod. (tforque) | (thrust)
Vaive Foctor (isolation) A 0327 0.5 0327 0327 0.5 0327 -0.327 0327 0327
DP 8) 0 0 0 0 0 Q0 90 90
Seat Diameter (<) 591 591 591 591 501 501 591 591
DP Load D) 80% 806 1455 806 806 80% 805
. [t E) (29 90 S0 ] 0 90 90 X
Pistion Effect [(2] 71 71 il Al 71 N 71
Static Running Looxd G) 743 043 743 943 743 743 743 743 4
Vaive Condition Load (H) & 2 &0 72 & -] &0 &0 &0
Tota! Static Load [0 | (o] 1015 80 83 8®m 8m 8
Total Load ., [4)] 1680 1892 2328 1680 1680 1680 1680
Stem Pitch X) 0333 | 0333 0333 0333 0333 0333 0333 0333
Stem Laad [(3] 0667 0647 0.667 0.667 0467 0.667 0667 | 0667
Stem Dio () 1.000 1.000 1.000 1000 1.000 1.000 1.000 1000
Sten Thread (N) stub stub stub stub stub stub stub stub__
Static CST Thiust (Mmesas.) ©) 3508 3157 3508 3508 3508 3508 3508 3508 3157
CST Torque (estimated) (P) 556 7228 5 5 & 5 5 72 56
Static Stem Factor Q) 00158 | 00156 | 00158 | 0018 | 001S8 | 00206 | 00176
Static (as-left) Stermn My ®) 01433 | 01433 | 01633 [ 0.1633 [ 01633 | 02664 | 0202~
ROL (change in thaust) (S) 5% 20.5% 5% 5% 5% 5% 205% 5% 5%
[oynomic CST Thrust . m_ : 3333 3333 3333 33 2780 | 3313 200
Dynamic Stem factor () ) 00167 | 00167 | 00167 | 00167 | DO199 | 00217 | 00185
(w0 Degradatison) :
Dynarnic (as-left) Stesm Mu [$2] 0.1832 | 0.1832 | 0.1832 | 0.1832 | 02545 | 02019 | 02242
Stem Mu Vangtion w) 0.0000 00250 } 00000 | 00000 | 00000 | 00250 { 0.0000 | 00000 | 0.0000
Dynarmic (as-found) du X) 01832 ] 01832 | 0.1832 | 02082 | 02545 | 02919 | 02242
Dynatnic As-found ¢ m 00147 | 00167 | 00147 | 0DI78 | 00199 t 00217 | 00185
Motor Rating Q) S ] 5 5 S 5 5 5
Temp~ratuie Factor (AA) 1 1 1 1 i 1 1 1
OAR .- (88) Q9 0 L0 LY £ Q£ L 0 Sigmo
Ciose Efficiency (CC) 0% S50% 50% 50% S S0% S0% SO Lovel
Degrcded Vollage (DD) 4% 419 419 419 419 419 416 419 395
INominol Vottage (EE) 240 o H . i
exporrent (AC=2) [3) 2 2 2 1z 2 2 2 2 Cont.
Close MGC ) (GG) 4973 4973 4973 4458 4162 3825 4476 Level
] 100.00%
Margin (parcent) (HH) 1960 | 1834% | 157.4% | 177.3% | 147.7% | 127.7% | 1664% | 96.7%
Jettect in % change (1) 12.6% 38.6% 18.7% 48.2% 68.3% 29.6% 99.4%
IGenerol Notes. ° .
Sum o Squares Margs: 5 6Que! 10 NOMINGI MGIGM MNUs The SQuare-roo! of the sum of the squares of the indviduct eftects.
jfeunning 1000 Inoccuracy ossuMmed 10 De the greater of +/- 20% of +/- 200 ! Vave Condmon IoGd INGCCUIACY AsSUMad 10 be +/-20%
_'MGC for AC motors Basec Oh Cunent Limtoraue Guidance (1.0 appicanion 1actor with 1emMperature 1actor and dagraded verage)
Minimum stote. as-iefTrstemmu = 006 Ths onaivsis 0oes Not Consider consenvatsm mn aegraced vottage, DP & LP
For Now Over the s GIoDe vaives. valve toctor 8 56t 10 210
Valve Specific Notes.

3714195
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3/14/95
. L . 821am ¢
Limit Close, Flow Isolation is N/A, Do Not Use This Sheet :
Vaiues P fer Runs Design
Parameter Row worst | Nomina!| High High High High | HighEq. | HighEqQ.] Sum of
Average | Case Case |Packing| Ciose |StemMu!l (S8 tnoce. | ihace. | Squares
VF Degrod. (torque) | (thrust)
Valive Foctor (isotation) A 0327 0.59 0327 0327 0.0 0327 0327 0327 0327
DP ® 0 0 ) ) o) [ 0 90
at Diameter (C) 591 5.906 5.906 5906 5.906 5906 5.906 5.906
[DP Load D) 806 805 1455 805 805 806
[0 [3) 0 % ) ) (o) [ () 0
[Piston gttect ® N 7 ] 7 n pal n
IStotic Running Load ) 743 043 743 o3 14 43 7] 783 8
Total toad [4)] 1420 1820 268 1620 1620 1620 1620
Stem Pitch (K) 0333 0333 0333 0333 0333 0333 0333 0333
{Stemn .ead (3] 0.667 0.667 0.667 0.667 0667 Q667 0.667 0.667
Stemn Dia (L)) 1,000 1.000 1.000 1.000 1.000 1000 1.000 1.000
Stem Thread (N) stub stub stub stub stub shub stub stub
Static CST Thrust (meas.) (0) 3508 3157 3508 3508 3508 3508 3508 508 | . 3157
CSTTo:que (estimated) P) 556 7228 5 56 5 56 6 2 5
Siatic Stem Factor Q) . 00158 | 00158 | 001S8 | 00158 | 00158 | 00206 | 00176
Static (as-ieft) Stem Mu R ] 01633 | 01633 | 01633 | 01633 | 01633 | 02664 | 02022 |
ROL (change m thrust) (3] 5.0% 20.5% 506 |. 50% 5.0% 5.0% 209% | 50% 5.0%
Dynamic CST Thryst m 3333 3333 3333 3333 2789 3333 2099
|Dynamuc Stem Factor ) 00167 | 00167 t 00167 | 00167 { 00199 | 00217 | 00185
. (w/0 Degraddtion) ] ,
Dynamic (as-teft) Stem Mu (W) 01819 | 01819 | 01819 | 01819 | 02523 | 02891 | 02223 |
Sterm Mu Varigtion w) 00000 | 00250 ] 00000 | 00000 | 00000 { 00250 | 00000 |” 00000 | 0.0000
Dynamic (as-tound) Mu X) 01819 | 0.1819 | 0.1819 | 02069 | 02523 | 0289 02223 |
Dynomic As-Found SF (42} 00166 |- 00166 0.0166 00177 00198 | omis 00185
iMotor Rating [¢4] 5 5 5 5 5 5 3 5
Temperature Foctor (AA) 1 1 1 1 1 1 1 ]
OAR (BB) 2 Q Q€ QO L0 QO QO o] Sigmo
Close Efticiency (CC) 50% 50% 50% 50% 50% 50 50% 50 Ltevel
Degraded Vottage (DD) 419 419 419 419 419 419 419 419 4.06
iNoming! Voltoge (EE) 440 )
lexponent (AC=2) [(32] 2 2 2 2 . 2 2 2 2 Cont.
jClose MGC (GG) 4992 4992 4992 4675 4184 3849 44996 Leve!
: ] 100.00%
Margiti (percent) (HH) 208.1% | 1958% | 168.1% | 188.6% { 158.3% | 1374% | 177.6% | 105.5%
leffect in % change [(}] 12.3% 40.0% 19.6% 40.9% 70.5% 30.6% 102.6%
iGeneral Notes -
is;m c? Squares Margin s equol 1o homnal Margin mnus the sQuUare-root of the sum of the squares of the individual effects. Running load
#mECCurocy assumeda 10 De the greater of +/- 20% of +/- 200 ibt. Vaive Condmion ibad s not apphcable since it typically occurs after fiow soiation.
MGC ror AC motors Dosed on curtent Lirmtorque Guidance (1.0 apphicahon tactor with temperature foctor and degraded vonoge)
Mmmum static. as-left stemmu = 008  This onotysis does not consikder conservantsm n degraaed voltoge. DP & LP
FOr Now Over 1he s8a! GIODE VaNEs. vONe 10C10! & $81 10 2610
Voive Specific Notes:
L
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3714198
. . 8.2) AM
LUATION OF CLOSE MOTOR/GEARING MARGIN FOR Braidwood 2AF017A (LIMITORQUE METHODOLOGY)
Values ter Runs ) Design
|Parameter Row Worst | Nominal| High | HighEq. Sum of
Average | Case Case | TSR inoce. Squares
(torqque)
Stem fitch A 0333 0333 0333 0333
{Stemn Lecd (8) 0.667 0687 | 0667 | 0667
{stem dia () 1.000 1000 | 1000 | 1000
{Stem Thread [)) stub stub stub stub
Meas CST Torg. (Generic SP) (E) 5 2 5 56 72
CST Torque (@ 0.08 cof (2] 43 4 43 L0
[TSR (G) 0% 5% 0% 5% 0%
CST Torgue (w/TSR) (H) 5 58 e Ciose
MGC
Motor Rating [0} 5 5 5 5 Sigma
Temperoture Factor . [4)) 1.000 1.000 1.000 1.000 Level
QAR (K) 400 400 400 400 3.24
Ciose Efficiency L 50% S0% 50% 50%
Degrotied Voltage (M) 419 419 419 419 Cont.
Nominal Vollage (N) a0 A0 440 a0 Level
exponent (ACs2) (©) 2 2 2 2 99.94%
Close MGC (torque) (P) a3 83 83
Close MGC . 5
Margin (petcent) Q) 49.2% 44.2% 19.2% . 18.8% o
eftect in % chonge (R) : 5.0% 30.0% 30.4%
General Notes: .
Sum o Squares Margin s equal 1o nommal margin minus the square~root of the sum of the squares ot the individual effects.
MGC tor AC motors bosed on current Limitorque Guidance (1.0 application tactor with temperature factor and degraded voltoge).
[Ths anatvsis oes not ConsIae! conservatsm in degroded voltage. DP & LP
Valve Specific Notes:

[JATION OF CLOSE MOTOR/GEARING MARGIN FOR Braidwood 2AF017A (ENHANCED MGC METHODOLOGY) . ) .
Values ‘ Parometer Runs "Design | ' ;

Parometet Row Worst | Nominal| High | Highkq | Low Llow Sum of
Aveicge | Case | Case TSR Inocc. | Motor | Ciose ) Squares . .
) {torque) | Torque Effic. ) : .
. )
Stem Piich (A | 0333 ] 0333 ' 0333 | 0333 | 0333 | 0333 ' \’U
iStem .ead (8) 0.667 0.667 0.667 0.667 0.667 0.667 . ) ".
Stem Dia i ) 1.000 . 1000 | 1o | 1000 [ 1000 | 1.000 : ‘
Stem Thread (D) stub stub stub stub stub stub 4
Meas. CST Torg. (Generic SP) (E) £ ” 5 55.6 2 55.6 556
CST Terque (@ 0.08 cof) (F) 43 43 43 4 43 43
TSR (G) 0% 0% 5% 0% 0% 0%
CST Torque (w/TSR) (H) £ 56 72 5 6 Close
: MGC
{Motor Rating [0} ] 531 (-] [ [ 5 [) Sigrmo
Temperatute Foctor ) 1.000 1.000 1.000 1.000 1.000 1.000 Level
OAR : (K) 400 40.0 400 400 400 40.0 290
Cilose Efficiency (L 45% 40% 45% 45% 45% 45% 40%
Degroged Voltage M) 419 4)9 419 419 419 419 Con!.
INominat Voltage {N) 440 460 480 440 440 450 Lteve!
jexporent (©) 220 220 220 220 220 220 99.81%
Close MGC (torque) (P) 86 8 86 78 77
Close MGC
Margm (percent) (Q) 55.6% 50.6% 25.6% 40.0% 38.3% 17.3%
effect in % change (R) 5.0% 30.0% 15.6% 17.3% 38.3%
Generml Notes:

Sum of Squares Margm 1 equa! 1o nommal margn mmus the square-root of the surm of the squares of the individual effects.
[This worksheet! assumes o minimum static. as-left stem rmu = 0.08. it measured stern mu 8 iess than 0.08,

then C.ST torque is mcreased to conespond to CST thrust and 0.08 sterr. mu.

MGC tor AC motors based White Paper 125 (1.0 application tactor with temperature foctor and degraded voltage).

This onalvsis doas NOT consizer consenvatsm n degroded votage. DP & LP

Valive pecific Notes:




. 821 AM 2
JALUATION OF OPEN MOTOR/GEARING MARGIN FOR Braidwood 2AF017A (LUMITORQUE METHODOLOGY)
Vaiues _Parameter Runs Design
Parameter Row Worst § Nominal| High High | HighEq. | High Sum of
Average | Case Case Open Open Inoce. Open Squares
Stem Mu | Packing | (thrust) | VF .
Stern Pitch (LM 0333 0333 0333 0333 0333 0.333
Stemn Lead ®) 0.667 0.667 0.667 0.667 0.667 0.667
Istem Dio (©) 1.000 1.000 1.000 1.000 Y.000 | 1000
Ils:om Thiead )] stub stub stub stub stub stub
{Motor Rating [0) s 3 5 3 5 5
[Tempercture Factor (D) 1000 1.000 1000 1.000 1.000 1.000
OAR x) 400 400 400 400 400 40.0
Vobt (L)) 419 419 419 419 419 419
Nommal Voltage N) 440 40 440 440 450 44
exponant (ACs=2) ©) -2 -2 2 2 2 2
iMax. Static Ciosing Thrust ) 4980 4980 4980 4980 4080 4980
Open Equipment thaccutacyj M 52% ]
Open Unwedging Thust ) 2200 3344 2200 2200 ps.0] 3344 2200
Seat Angle (degrees) [\2) 5 5 5 5 5 5 ’
Open Vaive Factor w oI 053 031 031 031 031 0.53
Open Running Load o0 580 780 580 580 780 580 580
Open DesgnDP m 0 [ 90 0 90 ) Open
Open MRT @ 1343 1343 1543 1343 1899 o MGC
Max. Open Req. Thrust (AA) X0 2200 2200 3344 220 Sigma
- Level
Open Stem Mu (88) 012 020 0.2 020 012 0.12 0.12 d44
Open Stem Factor (CC) . 00139 | 00174 | 00139 | 00139 | ODI39 S
Open Efficiency (DD) a0% - 4% A% 4% a0% 40% _Cont.
Open MGC (thrush) (EE) 4777 | 3807 a777 4777 ar77. - - Leve!
) 99.97%
: .. Open MGC : -
Marg.n (petcent) (FF) 117.1% 73.0% 117 1% 65.1% 117.1% 48.9% -
lettect In % change (GG) 44 1% 0.0% 52.0% 0.0% 68.2% | ;
1General Notes : o
Sum ¢t Squares Margm s equal to nommal margmn mnus the squcre-root of the sum of the squares of the individuat eftects.
wors! Zase unweagng thrust eauat 1o lessor ot 80% of max. closing thrust of measured unweaging thrust Plus equpment noccurocv
Jpen vane 1octor (VF) 1s tunchion of Close seating VF ond seat angle (see Chron 210928 tor discusston). For flow under seat globes, VF set 10 2ero.
Minimam stotic. as4ett stem mu = 0.08. Open stem mu & NOt measured dunng testing due to equipment mitations. Therefore.
jovercge (C 12) ona 95% conhoence lovel (0.20) values for close stem mu (from VIC test data) are used for thus parameter. '
1AGC tor AC motors pased on curent Umitorque Gurdance (1.0 appiicahon toctor with temperature tactor and dograded 'vottoge).
TIN5 ONaN'sis COEs NCT CONSKIB! CONSBIVATSM N aegrooec vohage. DP & LP . N
Vaive Spectic Notes: .




UATION OF OPEN MOTOR/GEARING MARGIN FOR Braidwood 2AF017A (ENHANCED MGC METHODOLOGY)

values Parameter Runs Design
|Porameter Row worst [ Nominal| Low Low High High |Highkq | High | sumo
Averoge | Case Case | Motor | Open Open | Open | Inacc. | Open | Squares
Torque | Eftic. | Stem Mu| Pocking | (thrust) VF .
Stern Pitch (V] 0333 0333 0333 0333 0333 0333 0333 0333
Stem .ead @ 0.667 0.667 0.667 0.667 0.667 0.667 0.667 0667
P.moio © | 100 1.000 1000 { 1000 1.000 1.000 1.000 1.000
Stem Threcd <o) stub stub stub stub stub stub stub stub
Max. Static Closing Thrus ® 4980, 4980 4980 4980 4980 4980 4980 4980
|Open Equipment Inaccurocy] S2%
n Unwedging Thrust (=] 220 344 2200 220 2200 2200 200 3344 220
[Seat Angie (degrees) ] 5 s 5 5 3 5 5 s
O] Vaive Foctor o 031 053 031 031 0.3 03] 031 031 . 053
Open Runnmg Load 4] 580 780 580 580 580 580 780 580 580
Open Design DP a 90 90 90 90 90 90 90 0
Open MRT 3] 1343 1343 1343 1343 1543 1343 1809
Max. Open Req. Thrust [ ] 2200 220 2200 2200 2200 3344 2200
[Motor Rating [ ] [} 531 é 5 [ é [ é 6
Tmpotmmhctor [(+)] 1,000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
OAR (] 400 400 40.0 400 | 400 400 40.0 400
Open Efticrancy (Q) 45% 40% 45% 45% 4% A45% 45% 45% 45%
Degroded Vottage ® 419 419 419 419 419 419 419 41¢
{Noming! vosage ) 480 480 450 40 40 480 440 40 | Open
exponent M 220 220 220 220 220 220 220 220 MGC
Open MG ftorque) w) 86 78 77 86 86 84 85 Sigmo
Lovel
4.14
Open Stemn u [§2] 0.12 020 0.12 0.12 0.12 020 0.12 0.12 0.12
Open Stermn Foactor o 00139 | 00139 | 00139 00174 | 00139 | 00139 00139 Cont.
Open MGC fhhrust) (0] 6224 S602 5533 4960 624 6224 6224 Leve!
100.00%
Open MGC .
IMargin (percent) ™ ] 182.9% | 154.6% | 151.5% | 1255% | 182.0% | 130.9% | 1829% | 94.6%
leflect in % change 9( I B 28.3% 31.4% 57.5% 0.0% 52.0% 0.0% 88.3%
Genercl Notes: -

Vaive Specilic Notes:

Surn of Squares Margm s equal 10 ROMNAI MOrgM MINUS the square-root of the sum ot the squares of the individual eftects.
Worst Lase unweagng thiust equaito lassor ot 80% of max. closing thrust or measured unwedging thrust plus equipment’ mcwrccy
Open vaive Tactor (VF) 1s tunchion of ciose seahng VF and seat-angle (see Chron 210928 tor discussion). For fliow under seat globes. VF set 1o 2ero.
COpen stem rmw 15 not measured dusng 1eshng aue to equipment imnations Theretore. average (0.12) and 95% confidence level (0.20) values
o1 CIcse sterT mu (rom VIC test oo oo used for ths parameter '
MG I ior AC motors basea on White Pper 125 (1.0 application 1actor with temperature tactor and degraced vottage).
This analvss 3065 not Consice! comsarvatsm In degroded voltage and open DP.

3NA05
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EVALUATION OF STRUCTURAL LIMIT MARGINS FOR Braidwood 2AF017A (OPEN DIRECTION)

Vatues Poramster Runs Design
Jparameter Row Worst |[Nominal|l High | Low Low low | High | Migh [HighEq] Sum ot
{Average| Case | Case | Stem | ActTh | Vaive | Actlq. | Vaive |Pocking| inacc | Squares
Mu__| Capabd. | Capab. | Capab. | Factor | load | (thvush)
Actuator Thrust Limit (7)) 8800 8800 8800 8800 8800 8800 8800 8800 8800 8800
Actuctor Torque Limit (B) kil [ xR Lo o o9 o9 o0 [ Ll
Vaive Stryctural Limit «©) 14340=["=14340~{—14340_{_ 14340 14340 14340 14340 14340 14340 14340
|Worst Case Torque Limit {D) Lo oF o0 L 90 el o "l T
|Worst Case Thrust Limit ) 8800 8800 8800 8800 8800 8800 8800 8800
Open Stem Mu [+2] 0.12 020 0.12 020 0.12 0.12 0.12 0.12 0.12 0.12
Stem Pitch G) ] 03333 0333 0.333 0333 0333 0333 0.333 0333 0333 Thrust
ﬂSlom Lead o) 0.6667 0.667 0.667 0.667 0.667 0667 0.667 0.667 0.667 Sigmo
Stem Oic [0 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 Leveoi
Stern Thread (3] stub stub stub stub stub stub stub stub stub 11.54
Open Stem Foctor o 00139 | 00175 | 00139 { 00139 | 00139 | 00139 | 00139 | 00139
: Cont
Level
Max. Closing Thrust (4] 4980 4980 4980 4980 4980 4980 4980 4980 4980 100.00%
Open Equipment Inaccural (M) 0% 52% 0% 0% 0% 0% 0% 0% 0% 52%
{Open Unwedging Thrust oy | 2200 | 3344 | 200 | 2200 | 2200 [ 2200 | 2200 | 2200 | 2200 { 3344
Seot Angle (deqgrees) [12)] 5
Open Valve Foctor (F) 031 0.53 031 031 ‘031 0.3) 0.3) 0.53 031 031
Open Running Load Q) 580 780 580 580 580 580 580 580 780 580
Open Design DP ) 90 : ) %0 %0 0 %0 ) [3) 90 Torque
O MRT ) 1343 1343 1343 1343 1343 1899 1543 1343 Sigmo
Leve!
1.69
Max. Open Req. Thrust - 2200 2200 2200 2200 2200 2200 2200 3344
Max. Open Req. Torque [11)] 3] 39 3) 3t 3l 3) N 47 .
Cont.
Level
i 100.00%
Thrust Margin (percent) o 300.0% | 300.0% | 3000% | 3000% | 300.0% | 300.0% | 3000% | 248.0% | 248.0%
etfect n % chonge (W) 0.0% 00% | OO% 00% 0.0% 0.0% 52.0% 52.0%
Torque Margin (percent) [2.¢] 2231% ) 1974% | 223 1% | 223 1% {1 2231% | 2231% | 223.1% | 1711% 165.1%
eftect in % chonge. o - 25 7% 0 0% 00% 0.0% 0.0% 00% 52.0% 58.0%

iGeneral Notes.

|Valve Specific Notes:

e o -

Sum ¢t Squares Margin s eQu 10 Nomnal margm mnus the square-root of the sum of the squares of the iIndividual eftects.
For gate valves. worst case unwedging thrust equal to lessor of 80% of max. closing thrust or measured unweagng thrust plus equipment inaccuracy. Whe
The measured unwedgng thnust exceeds 80% of the max closing thrust. 105% ot measwed thrust s used. For globe vaives, 30% is used instead ot 80%.
Oper «Qive 1aCTO (VF) Is Tunction Ot close seating VF and seat angle (s6e Chron 210928 tor discussion). - For fiow under seat globes. VF set 10 2610.

Open stem mu s NO! MEAsUrea aunng testing due 10 equmment tmachions  Theretore. average (0.12) and
95% contigence leve! (0.20) vahues for ciose stem mu (from VIC test data) are used for this parameter '
This analvsis Goes not consiaer conservatsm m DP o

@ 4
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EVALUATION OF STRUCTURAL LIMIT MARGINS FOR Braidwood 2AF017A (CLOSE DIRECTION)
Values Parameter Runs : Design

Jmemtov Row Worst {Nominal] High Low Low Ltow Stem High jHighEq.; Hightq. | Sum of

Average] Case Case | inertico | Act.Th. | Vaive | Actlq Mu SR tnace. Inoce Squares
Capab. | Capab. | . | Dect. (to: )| (thrust)
Actuator Thrust Limit (A 8800 8800 8800 8800 8800 8800 8800 8800 8800 8800 8800
Actuctor Torque Limit 8) R 0 x 99 o 99 [ 9 X i o9
Vaive Stuctural Limi (C) § 28200 | 28296 | 28296 | 28206 | 28206 | 28206 | 28206 | 28296 | 2829¢ | 28296 28296
Valve Seismic Lim#t D) 10400 { 10400 § 10400 | 10400 | 10400 | 10400 | 10400 | 10400 | 10400 | 10400 10400
Jwoest Case Torgue Lim#t (E) [ [ 3 &) ® 3 % [ (=]
Woest Case Thrust Limit (2] - 8800 8800 8800 8800 8800 8800 880D 8800 8800
Thrust

[Stagic CST Thrust (meas.) (G) 3508 3859 3508 3508 3508 3508 3508 3508 3508 3508 3859 Sigrmo

{cstorgue (Generic SP) (H) | s56 72 55.6 55.6 5.6 £5.6 8§54 556 | 556 723 556 Levei

[Stdic Stem Factor () 00158 | 00158 | 00158 | 0.0158 | 00158 | 00158 | 0.0158 | 0.0206 00144 nn

{ ,

{stem Pitch () J 03313 0333 0333 0333 0333 0333 0333 0333 0333 0333 Cont. .
Stern Lead (K)_ 1 06687 0.667 0.667 0.667 0.667 0667 0.667 0.667 0.667 0667 Level
Stem Dig (L 1.000 1.000 1000 1.000 1.000 1.000 1.000. 1.000 1.000 1,000 100.00%
Stern Thread (M) stub ] stub stub stub stub stub stub stub stub stub
Siatic (as-ieft) Stem Mu N) 0.1633 | 01633 | 0.1633 | 0.1633 | 01433 | 0.1433 | 0.1633 | 02644 01309 .

Stemn Mu Variation (O) 0000 { 0.0250 | 0000 0.000 0000 | 0000 0.000 0025 | 0000 | 0000 0000

As Found Stem Mu (P) 0.1633 | 01633 | 01633 | 0.1633 | 0633 | 0.1383 | 0.1633 | 02664 0.1309°

As Found Stem fact. Q) 00158 | 00158 { 00158 | 00158 | 0.01S8 | 0.0147 | 00158 | OO20% 00144

TSR tlorque change) (R) [0;3 5% 0% 0% 0% 0% 0% 0% 5% [0, 0%

Sprny Fack Reloxgtion (S) [+;3 0% 0% 0% % 0% 0% 0% 0% 0%

As Found CST Torg. 1 M 56 5 5 5 5 5 58 72 &

As Foungd CST Thrust ) 3508 3508 3508 3508 3508 3773 3683 3508 3850

Inema Foctor ) (V) ] 141061 ) 145157 ] 14196) | 146157 | 141061 | 141961 | 141961 | 141961 | 141061 | 141061 | 14196123} Cont.
iMoxwnum Thrust W) 4980 5127 4980 4980 4980 5356 5229 4980 5478 Leve!

IiMaxsmum Torque X) 79 8l = 79 iﬁ 7% 9 79 &3 108 ™ 95.20%
Thrust Moiqin (percent) | (V) 438% | 41.7% | 434% | 434% | 434% | 39.1% | 40.6% | 434% 37.7% 35.6%

lettect 'n % change (9] 1.7% 0.0% 0.0% 0.0% 4.3% 2.8% 0.0% 57% 7.8%
Torque Margin (percent) (AA) 203% | 17.9% | 203% | 203% { 203% | 203% | 16.3% | -3.6% 20.3% 4.1%

jeftect in % change (AB) 2.48% 0.0% 0.0% 0.0% 0.0% 4.0% 23.%% 0.0% 24.4%.

iGenerai Notes: ; . ’

Sum ¢ Saugres Margm s eQual 1o nommal mrgin MINUs The square-root of the sum of the squares of the individual eftects.

For consenvaism, no spang Pock relaxation comsidered. This gnalvss does not consioe! conservatsm in DP & LP
Inerrxs FGCtor vanabity assumed 10 be +/- 5% .
Minerium Stem Mu of 0 06 used n nalysis when apparent (measured) stotic stem mu i less than 0 08)

Vatve 3pecitic Notes:
j\vorsT cose volue assumed for spnng pack sekaxation.

r—re

3714198
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Limit Close, Seating, Enhanced MGC is N/A, Do Not Use This Sheet
Vatues Parameter Runs Design
Parameter Row worst {Nominall High | High | High | High [HiphEq|HighEq| tow low Sum of
Average| Case | Case |Packing| Close [StemMu| LSB inace. | tnacc. | Motor Close | Squares
& VC VE__{ Degrad. Gorque)| (thrust) | Torue Ettic. { - ..
|vatve Foctor(sol) ————]-W_]|. 0327 | 05 [ 0327 | 0327 05 | 0327 | 0327 | 0327 | 0327 | 0327 0.327
DP (8) 0 | T w0 ==—%0—]_90_ 0 o) 0 90 90 90
Isect Diamneter © 1 59 59) 591 591 591 | 801 [ =501~ —591_| 5N 501
{DP Load ) 805 805 1455 806 805 806 806 806 | 806 f——=
B
P () %0 0 0 3] 90 ) [ 0 0 0
Piston Eftect BB 71 7 71 7N 7 7 71 71 71
Static Running Load (G 743 043 743 o043 743 743 743 743 743 743 743
Vaive Condition Load (H) &0 72 ) 72 &0 &0 & 0 ) &0 &
[Totol Satic Load [0 803 1015 8m 8m 803 8m 8m 803 8
Total Load ) 1680 182 | 2328 1680 1680 1680 1680 1680 1480
Stem Pitch ) | 0313 0333 [ 0333 [ 0333 | 0333 | 0333 | 0333 | 0333 | 0333 0333
{Stem Lead L | 07 0667 | 0667 | 0667 | 0667 | 0667 | 0667 | 0667 | 0.667 0.667
Istem Dig o | 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1000 |- 1000
gsvem Thread ™N) | stud stub stub stub stub stub stub stub | stub stub
{Siotic CST Thrust (meas.) (©) | 3508 | 3157 ] 3508 | 3508 | 3508 | 3508 | 3508 | 3508 3157 3508 3508
{CST Torque (estimated) () 556 | 7228 5 56 56 86 56 72 5 % [
Static Silem Factor Q) . 00158 | 00158 | 00158 | 00158 | 00158 | 00206 | 00176 | 00158 | 00158
Static (as-left) Stem Mu ®) 0.1633 | 01633 | 01633 | 0.1633 | 0.1633 | 02664 | 02022 | 0.1633 | 0.1633
ROL (change in thrust) ) § 5% | 205% | SO0% | so0% | 50% | so0x [ 205% [ 50% | 50% 5.0% 5.0% .
Dynamic CST Thrust m 3333 3333 3333 3333 2789 3333 2999 3333 3333
Dynamic Stem Foctor ) 00167 | 00167 | 00167 | 00167 | 00199 | 00217 | 00185 | 00167 | 00167
(w:0 Degradgation) i
joynamic (os-teft) Stem Mu| (V) 01819 | 0.1819 | 0.1819 | 0.1819 | 02523 | 02891 | 02223 | 0.1819 | ©0.1819
Istem Mu Vanation W | 00000 | 00250 | 0.0000 { 0.0000 | 00000 | 00250 | 0.0000 | 00000 | 00000 | 0.0000 { 00000
{Dynamic (os-found) Mu x) 0.1810 | 0.1819 | 0.1819 | 02060 | 02523 | 02891 | 02223 | 0.1819 | 0.1819
{Dynomic As-Found SF m 00166 | 00166 | 00166 | 00177 [-00198 | 00216 | 00185 | 00166 | 00166
Imotor Rating @ 59 53) 59 59 59 59 - 59 59 59 53) 59
Tempercture Factor (AA) 1 1 1 1 1 1 1 1 1 1
OAR (B8) 2 & a0 s 20 2 O o) 2 20 Sigma
Close [fticiency (co | 45% 40% 45% 45% 45% 45% a5% 45% a45% a5% a0 Leve!
Degrooed Voftage D) | 419 419 419 419 | 419 419 419 419 419 419 3.48
fNomiral Vottage (EE) 460 N H
iexponent i ¢} 219 2190 [ 2199 | 2190 | 2100 | 2190 { 2199 | 2100 [ 2199 2199 Cont
Close MGC (GG) 4683 | 4683 | 483 | 4386 | 3m5 | 3611 219 | a5 4163 Lovel
. 99.97%
IMorgin (percent) (HH) i 178.8% | 166.2% [ 140.2% | 161.1% | 133.6% | 1149% [ 151.1% | 1509% | 147.8% 75.9%
teflect m % change any i 126% | 386% | 177% | 451% | 638% | 27.7% | 279% | 310% 102 8%

{General Notes'

ls;:m ¢t Squares Margin 5 €quol 10 nNoMmal margm mnus the square-roo? ot the surn of the squares ot the individual eftects.

ln‘unnmg 1000 MOCCUraCY assumed 10 be the greaier of +/- 20% or +/- 200 Ibt  Voive Condition load inoccuracy assumed to be +/- 20%
MG ~ baseo on ennanced MGC equation. The uncertainty due to motor torque capabitity and actuator efficiency s consnderod
JMmmum stotic. os-left stemmu = 0.08  Ths analvsts does not consider consefvatism m degraged voltage. DP & LP

fFor fic w over the seat giobe vaives. vohe toctor & set to 2ero.

Volve Specific Notes:

»3
314195 4
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o Limit Close, Flow Isolation, Enhanced MGC is N/A, Do Not Use This Sheet

Values Parometer Runs Design
Parameter Row worst [Nominal| High Migh | High | High [HighEq.|HighEq| Low Low Sum of
) Average| Case | Case |Packing| Close [SemMu| 1SB | inoce. | Inacc. | Motor | Close | Squares
V¢ Degrod. (torque) | (thrust) | Torque Bic.
Vaive Factor (isol.) A | 0327 | o052 | 0327 | 0327 059 | 0327 | 0327 | 0327 | 0327 | 0327 0327
DP (B) 0 ) 90 0 90 90 ] 90 %0 90
Isect Diometet © ! 50 65906 | 5906 | 5906 | 5906 | 5006 | 5906 | 5906 | 5906 | 5906
{oP toad ) ’ 805 805 1455 | 80s 805 805
[0 (€) [ % % [ 0 o) ) %0 S ()
[Piston Etect ) N 71 7 N 7 N 7) N N
Static Running Load (G) 743 Q43 743 943 743 4 743 743 743 pZs) 743
Total Load ) 1620 1820 | 2268 1620 1620 1620 1620 1620 1620
Stemn Pitch () ] 0333 0333 | 0333 | 0333 | 0333 | 0333 | 0333 | 0333 | 0333 0333
Stemn Lead W | 06 0667 | 0667 | 0667 | 0667 | 0667 | 0667 | 0667 | 0667 | 0687
Stem Oio o~ | 100 1000 { 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 1.000
Stem Thread (N> stub stub stub stub stub stub stub stub stub stub
Static CST Thrust (meas.) © [ 3508 | 3157 | 3508 | 3508 | 3soe | 3s08 | 3soe 3508 3157 | 3508 3508
CST Torgue (estimated) P) 556 | 7228 5% 56 5 S % ) 56 56 5
Static Stem Factor Q) 00158 | 00158 | 00158 | 00158 | 00158 | 00206 | 00176 | 00158 | 00158
Siatic (as-let) Stem Mu ®R) 01433 | 01633 | 0.1633 | 0.1633 | 0.1633 | 02664 | 02022 | 0.1633 | 01633
ROL (cnange in thrust) [ 50% | 205% | 50% | sox [ sox | s0% | 205% | sox | s0% | 50% 50%
Dynamic CST Thrust M 3333 | 3333 [ 3333 | 3333 ! 2780 | 3333 | 2900 | 3333 3333
Dynamuc Stem Factos [0} 00167 | 00167 { 00167 | 00167 | 00199 | 00217 | 00185 | 00167 | 00167
(w’0 Degracation)
Dynamuc (as-lef) Stem Mu| (V) 0.1819 | 0.1819 | 01819 | 01819 | 02523 | 02891 | 02223 | 0.1819 | 0.1819
Stem Mu Variation w) § 00000 | 00250 | 0.0000 | 00000 | 00000 | 00250 | 00000 | 0.0000 | 00000 | 00000 | G000
IDynarnic (os-found) Mu x) 0.1819 | 0.1819 | 0.1819 | 02060 | 02523 | 02891 | 02223 | 0.1819 | 0.1819
Dynamic As-Found S m 00166 | 0.0166 | 00166 | 00177 | 00198 | 00216 | 00185 | 00166 | DDI6S
\Motor Rating @ 59 53i 59 59 59 59 59 59 59 53) 59
Temperature Factor (AN 1 1 1 1 1 ) 1 1 ! 1
OAR (BB) o) QO & 2 Q0 2 Q s a) & Sigma
Close Efficiency (CC) a5% 40% 45% 45% 45% 45% 45% 45% 45% 45% 0% Level
Degraded Voltage (DD) | 419 419 410 419 419 419 419 419 419 419 355
INomungi vottage (EE) 480 i
iexponent R | 21 210 | 21 2106 1 2106 | 219 | 2199 2.199 2,199 2.199 Cont.
FClose MGC (GG) ! 4683 | 4683 | 4683 | 4386 i 325 | 3611 | 4219 [ 4215 4183 Level
99.98%
IMorgn (percent) (HH) 189.1% | 1768% | 1491% | 170.8% | 142.3% | 122.0% | 1604% | 1602% | 157.0% 82.5% -
letlect :n % change [} 123% | 400% ' 183% ! 468% | 66.2% | 287% | 289% | 1% 106.5%

tGene-ol Notes.

Valve Specific Notes:

b2um ¢ Sauores Margn s equal 1o NOMING! MArgIn MInUs the sQUAre-1Oot of the sum of the squares of he NAvIKIUa eftects. Running load
MOTCSOCy QSSUMBS 1C DO 1he greater ot +/- 20% or «/- 200 bt vave Condmon 100a s not apphcabie since it typcally occurs atter fiow sokation.
IMSZ s DOsea on ennances MGC equation  The uncertainty Gue 1o motor torque copabilty and octudtor efhciency s considered.

Minimum stahc. as-em stemmu = 0.08  This onalysis does not conside! consefvahsm n degraded vohage. DP & LP
For howv over the seq! globe vaives. vaive tactor s sef to zefo
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