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MOVATS, IRC. DIFFERENTIAL PRESSURR THRUST CALCULATION METHODOLOGY

Description

Ths MOVATS differential prsssure (DP) test data base contains the
rssults of MOVs that have been tested undar DP conditions. If
sufficient data points for a particulsr type of valvs ere includad in
the data base, they can be used to predict thrust requirements for
valves of that perticulsr type, in lieu of performing DP testing to
datermins the thrust requirements. This approach is incorporated in
ths Union Electric Company (Callaway) response to IEB 85-03, which has
been tsntatively accepted by the NRC.

The Callevay response specified that if there are 4 or more data points
from velves of the same type, manufscturer, orifice diameter, and stem
dianmeter; or if thsrs are 20 or more data points from velves of the
same type; then further DP testing is not required for those categories
of valves {f 1) ths data points are used themselves to calculate
required thrust statistically or 2) the dats points verify that a
_particulay cslculstion mothod is conservative.

With rsgard to the MOVATS, INC, methodology, linsar regression is
performed on the DP test data points to find the equation for the
"best-£fit” line through the data. After a thrust velus is predicted’
for the valve using the "best-fit” equation, & 90% confidance band, or
tolerance is calculsted and then added to ths predicted thrust to
obtain the thrust, above running load, required by the valve to be
abls to operste ageinst differentisl pressure, (DP Thrust Requirement).
Standard statiscicsl analysis methode are applied for deriving the
confidance intervel. '

To obtain the minimum target thrust, which is the value used to set tha
torque switch during MOVATS® testing, the “DP Thrust Requirement” is
mulciplied by e factor thet eccounts for torqua switch repeatabilicy
and accuracy of ths MOVATS® valve analysis system instruments.

MOV’'s for which closing control is by position (limit) only should not
ba set, under static conditions, to close with the calculated Delta P
thrust requirement unless the operator and valve are qualified to
handle thrust loeds in excess of two times th{s velue plus any and all
running loada. Theoreticslly, the Delta P thrust requirement should be
compsred to the operator capability (at reduced voltage), minus the
present running load and error potential. '
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Nots that all calculstions providad srs besed on the MOVATS® DP data
base as of ths dats on vhich the calculations wers performed. Because
the calculations are performed using sctual dets from the dats bass,
the calculation results can change as dats {s edded to the dats basa.
In general, as more data points sre edded, ths confidence banda will
dacrsase vhich shculd resulc in a dacrease in the cslculatsd thrust
valuss. All data uaed in the calculation is availabls for rsviev at
MOVATS, Inc. {n Maristta, Georgila.

LIMITATIONS

To use the MOVATS® cslculstiona, the minimum target thrust must be less
than ths upper limit specified by the valve and/or actuator
manufacturer. This limit may be set by the yield strength of tha
valve or actuator components, or ths actuator’s output cspability under
the reduced voltage condition.

Component Stress Limits
If ths cslculated value is grester than ths ectuator or valve sCress

limics, and the operator proves capable, there sre two options. 1) A

stress anslysia can be performed to determine the effects of the

‘higher thrust levels on long-term operability of the motor opersted

valvs or 2) the valve can be tested undar full or partial pressure.
1) Perform Stress Analysis

In general, velves and actuators opersting vwithin normal
stress limita may be operated many times without excessive
vear and damage. When applied thrust levels sre increased
beyond documented thrust limits, & valve or actuator may
3till perform without damage, but accelerated wear and
fatigue of critical components can occur.

If ths velve is not stroksd frsqusncly and/or the target-
thrust valuss are not significantly higher than the
docunented allowable limits of the valve or actuator, a
stress analysis is likely to show that the useful 1life of a
MOV is not significantly shortened by the higher thrust
conditions. In this case, porforning e stress analysis may
be the best available method for verifying operability.
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Perform Psrtial Ptossurs Testing

If tha decision {s mede that o valv. is not adaquncoly
rspresentsd in ths DP test data base, then tha velve mey be
tasted under pressure to determino the actual thrust required
or to verify thet e particular cslculation method is
conservative for thet valvs type. Testing may be parformed
et several reduced pressure points and the required thrust
calculated by extrapolating the test data to the maximum
pressurs.

The procedure for cslculating the confidence band for the
extrapolated thrust values is the same procedure uaed o
calculata thrust using deta points from the DP deta basa.

The magnitude of the confidence band is {nfluanced by tha
number and vslue of test date points as follows:

1. The gresatar the difference betwean the actual tesc
prossurcs and the maximun expacted pressure, the lovar
the confidence.

2. The grestsr the number of tssta performed at differont
pressures, ths higher the confidancs. Testing et a ,
pinimm of two different pressures is required {n order
to calculste a confidonce band for the oxcrapolated
thrust valuss.

3. Tha greater the scaccor of data points, the lover the
~ confidance. : :

If the valva can only be testoed st one pressure poin:,
consider the following:

1. The test results may be compared to the calculated thrust
requircment for the reduced pressure. If the cslculated
velua proves to be conservetive, the calculationsl method
can be used with relstive confidence when computing
thrust required at full differencial prassure.

: 2. Theoretically, a thrust value obtainad by extrapolating

from & single deta point is more reliable than a value
obtained from s generic thrust equation alona, because
the oxtrapolated value {s based on empirical deta from
the specific valve {n its actual condition, rather than
on values judged to be applicable to all similar valves.
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3. A statistically valid confidence band cannot ba computed
vithout et lsast twe test points (in addition to the zero

point). Therefore, enginecring judgement must be used
vhsn using ths ons point extrapolation spproach.

‘In conclusion, {f s valve cannot be tssted under {ts maximm

diffsrsntial prsssurs conditions, the next best option is to teet the
valve st a minimm of two different pressures. If data can only be
obtained st one prsssure valua, this data point may be usad to verify
the manufscturer’s thrust cslculation method. As a minimm, the one
data point will add a valua to the industry datsbase, and combined with
the resc of the data, mey sllow for validation of a generic
¢slculationsl method for that particular valve type.

Operator Capebility Limits

In the cases vhere tha thrust requirement exceeda or too closely
spproximetes the operetor’s calculated reduced voltage stall thrust
valua, & stsll thrust test can be conducted to increase the 100%
voltage stall thrust and, coneaquently, the reduced voltage capabilicy.
Pléass note that care should be taken prior to performing this test to
cnsure that operator or stem limits are net exceedsd without having a
Plan in place for justifying it. Occasionslly this oporetion, combined
vith the previously msntioned stress analysis, may be beneficial.
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Acttachment 4, cont,

CONFID

- DIFFERENTTIAL PRESSURE THRUST CALCULATIONS
. FOR UNITED STATES NUCLEAR POWER STATION
CONFIDENTIAL | _ '

OBJECTIVES

1. Establish ths oporatot thrust load requirements for Qalvo
operation againat the predetermined maximm expected
differentisl pressurs.

2. Determina the operator output thrust capsbility, including the

possible reduced voltage condition.

1. It is assumed that the valve is in good vorking order, however,
MOVATS thrust cslculations ere based on a differential pressure

test data base thst {ncludes valves of difforing ages and
- ‘conditione. '

2. No foreign internal obstruction to valve trsvel is sssumed.

3. Maximum oxpactoed differcncial pressures are assumed to include
tha affects of the velocity hesd when this head is large enough

to be of consaquenca.

4. The coefficient of friction that dictates tho oporator's :orque'
to thrust convarsion (stom factor) is assumad to remain congtant

over time.

5. Seismic disturbance considarations are not included.

6. The calculated Yield values of velve and Operator components arce
assumead to be greeter than the oparator’s commercial rating.

7. Thormal transionts are assumed not to affect the thrust required

to open valves of all types.




i MOVATS, INC. DIFFERENTIAL PRESSURE THRUST CALCULATION METHODOLOGY

%' Description - 3

The MOVATS differential pressure (DP) test data base contains the

: results of MOVs that have been tested undar DP conditions. If

f ' sufficient data points for a particular type of valve are included in

: ‘ the data base, they can be used to predict thrust requirements for

; valves of that particular type, in lieu of performing DP testing to
datermine the thrust requirements. This approach {s incorporated in
the Unfon Electric Company (Callaway) response to IEB 85-03, which has
been tentatively accepted by the NRC.

- The Callaway response specified that if there are &4 or more data points
from valves of the same type, manufacturer, orifice diameter, and stem
diameter; or if there are 20 or more data points from valves of the
same type; then further DP testing is not required for those categories
of valves if 1) the data points are used themselves to calculate
required thrust statistically or 2) the deta points verify that a
particulay calculation method i{s conservative. '

( , With regard to the MOVATS, INC, methodology, linear regression is
performed on the DP test data points to find the equstion for the
: A "best-fit” line through the data. After a thrust value is predicted
: for the valve using the "best-fit” equation, a 90% confidence band, or
- tolerance is calculated and then added to the predicted thrust to _
obtain the thrust, above running load, required by the valve to be
able to operate against differential pressure, (DP Thrust Requirement).
Standard statistical analysis methode are applied for deriving the
confidence interval.

- To obtain the minimum target thrust, which is the value used to set the
torque switch during MOVATS® testing, the “DP Thrust Requirement” is
multiplied by a factor that accounts for torque switch repeatabilicy
and accuracy of the MOVATS® valve analysis system instruments.

MOV’s for which closing control is by position (limit) only should not
be set, under static conditions, to close with the calculated Delta P
thrust requirement unless the operator and valve are qualified to
handle thrust loads in excess of two times th{s"value plus any and all
running loads. Theoretically, the Delta P thrust requirement should be
compared to the operator capability (at reduced voltage), minus the
present running load and error potential.
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Note that all calculations provided are based on the MOVATS® DP data
base as of the dets on which the calculations were performed. Because
the calculations are performed using actual data from the data base,
the calculation results can change as data is added to the data base.
In general, as more data points are added, the confidence bands will
dacrease which should result {n a decrease in tha calculated thrust
values. All data used in the calculation {s available for review at
MOVATS, Inc. in Marietta, Georgia.

LIMITATIONS

To use the MOVATS® calculations, ths minimum target thrust must be less
than the upper limit specified by the valve and/or actuator
manufacturer. This limit may be set by the yield strength of the
valve or actuator components, or the actuator’s output capability under
the reduced voltage conditionm.

Component Stress Limits

If the calculated value is greater than the actuator or valve sCress
limits, and the operator proves capable, there are two options. 1) A
stress anslysis can be performed to determine the effects of the ‘
‘higher thrust levels on long-term operability of the metor operated
valve or 2) the valve can be tested undar full or partial pressure.

1) Perform Stress Analysis

In general, valves and actuators operating within normal .
stress limits may be operated many times without excessive
vear and damage. When applied thrust levels are increased
beyond documented thrust limits, a valve or actuator may
8till perform without damage, but accelerated wear and
fatigue of critical components can occur.

If the valve iz not stroked frequently and/or the targect-
thrust values are not significantly higher than the
documented allowable limits of the valve or actuetor, a
stress analysis is likely to show that the useful 1ife of a
MOV i{s not significantly shortened by the higher thrust
conditions. In this case, performing a stress analysis may
be the best available mechod for verifying operability.




2)

Perform Partial Ptessure Testing

If the decision is made that a valve ig not adequately
represented in the DP test data base, then the valve may be
tested undar pressure to determine the actual thrust required
or to verify that a particular calculation method iz
conservative for that valve types. Testing may be performed
at several reduced pressure points and the required thrust
calculated by extrapolating the test data to the maximum
pressure.

The procedure for calculating the confidence band for the
extrapolated thrust values is the same procedure used to
calculate thrust using data points from the DP deta base.

The magnitude of the confidence band is {nfluenced by the

number and value of test dsta points as follows:

1. The greater the difference between the actual test
preseures and the maximum expected pressure, the lower
the confidsnce. :

2. The greater the number of tests performed at different
pressures, the higher the confidence. Testing at a
minimum of two different pressures is required in order
to calculate a confidence band for the oxcrapolaced
thrust values,

3. The greater the scatcer of data points, the lower the -
confidence. : i

If the valve can only be tested at one pressure point,
consider the following:

1. The test results may be compared to the calcula:ed thruse
requirement for the reduced pressure. If the calculated
value proves to be conservative, the calculationsl method
can be used with relative confidence when computing
thrust required at full differential pressure.

" 2. Theoretically, a thrust value obtained by extrapolating

from a single data point is more Yeliable than a value
obtained from a generic thrust equation alone, because
the extrapolated value is based on empirical data from
the specific valve in its actual condition, rather than
on values judged to be applicable to all similar valves.

IN
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3. A statistically valid confidence band cannot be computed
without at least two test points (in addition to the zero

point). Therefore, engineering judgement must be used
vhen using the one point extrapolation approach.

‘In concluaion, if a valve cannot be tested undar {ts maximum

differential pressure conditions, the next best option is to test the
valve at a minimum of two different pressures. If data can only be
obtained at one pressure value, this data point may be used to verify
the manufacturer’s thrust calculation method. As a minimum, the one
data point will add a value to the {ndustry database, and combined with
the rest of the data, mey allow for validation of a generic
calculationsl method for that particular valve type.

Operator Capability Limits

In the cases where the thrust requirement exceeda or too closely
approximates the operator’s calculated reduced voltage stall thrust
value, a stall thrust test can be conducted to increase the 100%
voltage stall thrust and, consequently, the reduced voltage capability.
Pléase note that care should be taken prior to performing this test to
ensure that operstor or stem lim{ts are not exceeded without having a .
Plan in place for justifying it. Occasionslly this operation, combined
wich the previously mentioned stress analysis, may be beneficial.
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Attachment 4, cont.
CONFIDENTIAL
DIFFERENTYAL PRESSURE THRUST CALCULATIONS
=S, tREOoURE INRUST CALCULATIONS

- FOR UNITED STATES NUCLEAR POWER STATIONS
CONFIDENTIAL

OBJECTIVES

Establish the oporaéor thrust loed requirements for valve
operation against the predetermined maximum expected
differential pressure.

. Determine the operator output thrust capability, including the

possible reduced voltage condition.

ASSUMPTIONS

It is assumed that the valve {s in good working order, however,
MOVATS thrust calculations are based on a differential pressure
test data base that includes valves of differing ages and
conditions, '

. No foreign internal obstruction to valve travel is assumed.

. Maximum expected differential pressures are assumed to include

the affects of the velocity head when this head is large enough
to be of consequence.

. The coefficient of friction that dictates the operator's corqﬁe.

to thrust conversion (stem factor) is assumed to remain constant
over time.

. Seismic disturbance considerations are not included.

. The calculated yield values of valve and operator components are

assumed to be greater than the operator’s commercial rating.

. Thermal transients are assumed not to affect the thrust required

to open valves of all types.




’ Towa Electric Light and Power Company

January 15.'1988
NG-88-0001

Mr. A. Bert Davis

Regional Administrator

Region III

U.S. Nuclear Regulatory Commission
799 Roosevelt Road

Glen Ellyn, IL 60137

Subject: Duane Arnold Energy Center

Docket No: 50-331

Op. License No: DPR-49

Final Report Pursuant to IE 8ulletin 85-03

References: 1) Letter, R. McGaughy to J. Keppler,

“preliminary Response to IE Bulletin
85-03, Item e,* NG-86-1475, May 28, 1986

2) Letter, R. McGaughy to J. Keppler,
“Sypplemental Response to IE Bulletin
85-03*%, NG-86-3044, October 1, 1986

3) Letter, R. McGaughy to H. Denton,
“Integrated Plan, Schedule B Change”,
NG-86-4410, December 22, 1986

FiTe: A-278, A-10la

Dear Mr. Davis:

Enclosed is our final report on the program carried out in »
response to IE Bulletin 85-03: Motor Operated Valve Common Mode Failures
During Plant Transients Due to Improper Switch Settings.

Reference 2) responded to Bulletin item a, identified the HPCI and
RCIC valves covered by the Bulletin, and stated the maximum expected
differential pressures during opening and closing of those valves. The
maximum expected differential pressures for seven of those valves have been
revised. These changes are discussed in the enclosed report. '

Implementation plans and schedules for completion of Bulletin
jtems b, ¢ and d were addressed in the References listed above.
Verification of completion of these bulletin items is provided in our
enclosed report.

. ;\(
General Office ® P.O. Box 351 ¢ Cedar Rapids, lowa 52406 * $15/398-4411



Mr. A. B. Davis
January 15, 1988
NG-88-0001

Page two

Summaries of the findings as to valve operability prior to any
adjustments, in accordance with Bulletin Table 2 (“Suggested Data Summary
Format*), are provided as Tables B through I to our enclosed report.

Please contact this office if there are any questions concerning
this matter.

IOWA ELECTRIC-LIGHT AYD POWER COMPANY

BY

1am (.
Manager, Nuclear Division

Subscribed and sworn o‘Before Me on

this day o J
//

WCR/EFB/pjv*,

Enclosure: lowa Electric Light and Power Company Ouane Arnold Energy Center
(DAEC) Final Report Pursuant to IE Bulletin 85-03

. Borton

. Liu

. Root

. McGaughy

. Gilbert (NRC-NRR)

NRC Document Control Desk (Original)

NRC Resident Office ‘
Commitment Control No. 860223, 860215. 860217, 860219-222, 860274

cc:
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