Commonwealth Edison
1400 Opus Place
Downers Grove, Hlinois 60515

February 18, 1993

Mr. A. Bert Davis

Regional Administrator

U.S. Nuclear Regulatory Commission
Region 1l

799 Roosevelt Road

Glen Ellyn, lllinois 60137

Subject: LaSalle County Station Units 1 and 2
Response to Questions
Engineering Report
Docket Nos. 50-373 and 50-374

Reference: H.J. Miller (USNRC) to C. Reed (CECo)
dated December 16, 1992

Dear tr. Davis:

The LaSalle Generic Letter 89-10 Inspection report contained a request 17at
CECo document the evaluation of the provisions contained in a Kalsi Engineering stucy
usad as part of the LaSalle response. This letter contains the regquested evaluztion.

Attachment 1 to this letter provides the response developed by the particioants in
the Kalsi-Limitorque Actuator Uprating Program after receipt of NRC generatec
questions during the Wolf Creek (Wolf Creek Nuclear Operation Company) Generic
Letter 82-10 inspection. CECo has accepted the evaluations, conclusions, anc
recommended utility actions contained in Attachment 1 and is submittimg them 25 2
responss to the subject guestions,

In response 1o the Woli Creek questions, Attachment 1 has listed "Utility
Actione”. These are actions which individual participants are expected 10 adorsss in
order to fit the specific response/actions to their particular site/utility.  Attachment 2 lists
the specific response/actions that CECo is taking with regard to the "Utility Actions™ in
Attachment 1.
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Mr. Davis -2~ February 18, 1993

Please direct any guestions you may have concerning this submittal to this office.

Respectfully,
LA ; £, j /
T v ch Ligua L

Mary Beth Depuydt
Nuclear Licensing Administrator

Attachments

ce T. Martin - RIlI
G. Replogle - Rl
R. Stransky, LaSalle Project !Manager - NRR
D. Hills, Senior Resident Inspector - LSCS
Ilinois Department of Nuclear Safety - IDNS
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ATTACHMENT 1

RESPONSE TO NRC QUESTIONS

Introduction

Kalsi Engineering Incorporated (KEI) Report 1707C, describes testing and engineering
analysis to justify exceeding the current thrust ratings for Limitorque model SMB-000
through SMB-1 electric motor actuators. Limitorgue, the equipment manufacturer, has
reviewed this report and supports the conclusions (Limitorque Technical Update 92-01
and Technical Agreement 92-01). It is important to note that actuator thrust ratings, not
torgue ratings, were the subject and product of this report. The data contained in this
report is used to support vaiues used in engineering calculations in exactly the same
manner that seismic, EQ, and stress reports are used. Past industry and NRC practice has
been to retain such reports on site for review should questions anse. The level of
regulatory scrutiny, and the consumption of both regulatory and industry resources Lo
address NRC questions has been extensive for a document of this type.

Mechanical aging and qualification according to IEEE 382 and 323 require applying the
qualified load (usually in the close direction only) to the test specimen for 2000 cycles,
followed by 6 seismic tests (S OBE and 1 SSE). Thermal and radiation aging are not
required since they have been shown to have no impact on non-organic materials such as
metal. Once completed, the test article and as many other articles that can be shown to be
"similar" are officially qualified to the test load for the bounding 2000 cycle life. Should
this practice have been followed during the subject thrust testing program, none of the
anomalies documented in the subject report would have occurred. As such, KEI Repont
1707C demonstrates that Limitorque model SMB-000 through SMB-1 actuators are
qualified to 200% thrust overload for 4000 cycles according to IEEE 382 and 323.

To be conservative, the program participants voluntarily applied a de-rating methodology
using ASME Section 111, Appendix 2 as a guideline to amve at the recommended thrust
ratings documented in the subject report. In addition, each unit was tested in both the
open and close directions at 200% thrust overload for 4000 cycles, including 5 open and
close stall thrust cycles (10 total), and in excess of 50 strokes under seismic conditions.
Clearly, to the knowledgeable engineer, this testing far exceeded onginal equpment
qualification standards, and previous test efforts of this kind.

Provided below are responses to NRC questions on docket pertaining to the subject report

taken from the following sources:

;. Duke Power Company, McGuire Nuclear Station, Summary of Meeting with Duke
Power on the Use of Extended Motor Operated Valve Thrust Limits, June 10,
1992. Docket Nos. 50-369, 50-370. Referenced as "NRC Meeting," below.

(o)

Wolf Creek Nuclear Operating Corporation, NRC Inspection Report 50-482/92-
15. Attachment 2, Docket No. 50-482, September 30, 1992. Referenced as "Wolf
Creek Inspection Report,” below.

It is our hope that these responses successfully address outstanding NRC concemns.
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ATTACHMERT 1 (CONT'D)

Limitorque and icensees should monitor the performance of MOVs to ensure that the
results of the Kalsi study are confirmed by plant expenence. (Ref. NRC Meeting,
Question 1)

The industry has years of successful performance of the Limitorque actuators with the

ane actuator for evaluating the overthrust capability of actuators in each actuator size
class within the scope of the study.

How will WCNOC demonstrate that the results of the Kalsi study were applicable 1o its
MOVs? (Ref. Wolf Creek Inspection Report, Question 1)

This question actually consists of three separate issues that are addressed below regarding
the applicability of the test results to an actual in-plant actuator:

Issue 1 - Industry has littie experience with higher thrust ratings

Both technically and historically this is not correct. Actuator switch setting
procedures typically have used a 0.2 stem coefficient of friction and made no
allowance for inertia. If an actuator was set close to its maximum thrust rating
using this procedure, overthrusting would result if actual stem coefficients are
lower and if inertial overshoot is present For example, consider a SMB-00
actuator sized with a 1.25 in. diameter, 1/4 in. pitch, 1/2 in. lead standard Acroe
stem using this procedure and set to deliver 12,000 lb. of thrust. If the actual stem
coefficient of friction were between 0.1 and 0.15 and a 25% thrust inerual
overshoot were present, the actuator would be delivering between 27% and 55%
overthrust. This situation is not considered unusual based on recent test history
and recent technical developments. However, since no MOV diagnostic devices
were being used in the past, overthrusting actuators went undetected and did not
become a visible 1ssue.

Secondly, results from utility Bulletin 85-03 as-found diagnostic testing indicated
that many actuators were operating successfully in overthrust conditions due tO
unaccounted inertial overshoot in combination with better siem fricton
coefficients.

In summary, actuators have operated successfully under overthrust conditions in
the past, but because no diagnostic devices were used, no quantificaton of the

overthrusting magnitude was known.

Issue 2. Effects of running load were not included in applying
overthrust to the actuators.
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ATTACHMENT 1 (CONT'D)

KEI Report 1707C, Section 2.5 discusses the effects of running load on the
actuator fatigue life. In this swdy, the effects of running load were carefully
evaluated and found to be inconsequential from a fatigue standpoint. To justify
this position Section 2.5 of the report states the following:

*The fatigue life of the thrust-related components is completely unaffected by the
magnitude of the running load and is dependent only upon the maximum and the
minimum values of the peak stresses reached during each test cycle
Furthermore, evaluation of the running loads due to stem packing and stem
rejection load on the fatigue life of the torque-related components shows that the
mximumdwssesduetomwaamwonwnhinmmlﬁnhsdm
materials (see Section 5.2.1). Therefore, fatigue life of the torque-related

is also unaffected by these stem running loads. However, running
loads under differential pressure operation are usually higher, and may affect the
fatigue life of the torque-related components. if a large number of cycles under
DP conditions are anticipated, the effect of running loads on fatigue life of the
torque-related components should be evaluated. Consideration should also be

given 1o wear of the worm gear by performing suitable inspections and
maintenance.”

Since most valves are not operated repeatedly under differential pressure
conditions, and are operated within the existing torque ratings, the effect of
running load on the fatigue and wear of the torque related components is
considered insignificant. Even periodic dynamic testing of 1 to 2 strokes per
outage for 40 years should not create a situation requiring further evaluation for
increased wear or reduced fatigue life. Again, if an extremely large number of
cycles under DP conditions are anticipated, the effect of running load on faugue
and wear life of torque related components should be evaluated. The Phase 2
testing program will provide guidance based on testing and analysis to perform
such evaluations.

Issue 3. Conducted testing on only one actuator for each size class.

Initial mechanical qualification testing by Limitorque conducted in the 1970 1o
1980 time period (Limitorque Report B0058, “"Limitorque Valve Actuator
Qualification for Nuclear Power Station Service") included one test specimen of
one actuator size, SMB-0, to represent the entire line of SB/SMB/SBD-HBC
actuators in all available unit sizes (000 to 5). The testing involved 2000 open and
close cycles, with the rated torque and thrust being produced during the closing
cycle only. The number of test cycles and the ability to group components are
specified in TEEE Stuandard 382. An SMB-00 was subjected to this same
gualification sequence 21 2 later ime. It should be emphasized that the approach
taken by Limitorque is in full compliance with IEEE Standards for equipment
qualification.

In contrast, the test effort documented in the KEI Report 1707C invoived tesung

one each SMB-000, SMB-00, SMB-0, and SMB-1 actuator for 4000 open and
close cycles. The rated torque and 200 percent of the rated thrust were developed
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ATTACHMENT 1 (CONT'D)

in both the open and close directions. In addition, 10 stall tests were performed,
and a matrix of seismic qualification tests meetng IEEE Standard 344-1975 were
conducted in both the open and close directions. Test results were not
extrapolated for unit models and sizes beyond the sample tested.

In addition, neither IEEE Standard 323 nor 382 require a safety margin be applied
based on sample size or number of test cycles. For the testing contained in the
Report, a safety margin was applied. The approach described in ASME Section I
(1989), Appendix II, was selected as a guide for establishing a safety margin based
on the number of test cycles, the load intensity, and the sample size. The ASME
Code allows a sample size of one t0 be used and considers this to be acceptable
Engineering practice. This safety margin accounts for items such as normal
variations in material properties and tolerances from one actuator to the next

Conclusions:
The testing described in the subject report far exceeds industry equipment
qualification standards. These standards would allow a continuous 200% thrust
overload for 4000 cycles based on actual test results, To provide margin to
account for normal uncertainties, however, the participants in this study voluntadly
elected to apply a safery factor based on ASME Code guidelines. Therefore, the
test results documented in the Report are applicable to in-plant actualors.

Utility Actions:

Issue 1: No acuon

Iusue 2: If large number of operational cycles at overload and under DP
conditions are experienced or anticipated, eva'uation or inspection
for fatgue and wear damage of torque related components 1
necessey. Phase 2 testng results will provide guidance based on
testing and analysis to perform such evaluations.

Issue 3: No acuon
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ATTACHMENT 1 (CONT'D)

To allow the Kalsi study 1o be completed in a reasonable perod of time, Kalsi lubricated
the stem on a more frequent basis than is performed in a power plant. With the
increased detenoration of lubricants over time from ambient termperature and collecticn
of dirt and debris, the Kalsi results may not reflect the extent of wear that would actually
occur while the MOV is in service. Periodic internal inspections may be needed o allow
early detection of increased wear. (Ref. NRC Meeting, Question 2)

The Kalsi study provided frequent lubrication of the actuator stem and stem nut. The
Kalsi report stated that long-term aging and degradation of the lubricant was not
evaluated. In a nuclear plant environment, stem lubricant degradation may result in
accelerated wear of the stem nut. As found recently at two nuclear plants (Frzpatrick
and Cooper), stem nut failure may occur without waming. In the Kalsi study, stem and
stem nut damage occurred during the testing of one actuator. Because of worm and
worm gear failures, the Kalsi report recormends consideration of perodic inspection
and maintenance of the actuator.

How will WCNOC provide for identifying stem nut wear before the operabilty of the
MOV, under design basis conditions, becomes questionable? (Ref. Wolf Creek
Inspection Report, Question 2)

Several statements made in this question require additional clarification. First,
stern lubrication was not implemented to control wear, but 1o ensure actuator
target thrust was maintained within the maximum/minimum test limits. Typically,
this lubrication interval was several hundred cycles of operation. This is not
considered to be “frequent” from a plant application standpoint in which an
actuator may see only a few cycles between lubrication intervals. Second, stem
nut wear and failures can occur at thrust levels below the current actuator ratings if
proper lubrication practices are not in place. Finally, the stem nut and stem thread
damage mentioned during the test program occurred in the debugging phase. This
phase of tesung required frequent strokes of prolonged duration. As clarified in
Section 4.1 of the subject report, temperatures at the top of the stem reached in
excess of 240 degrees F during this debugging phase. Damage observed dunng
these extreme operating conditions was thread surface deterioration that produced
a stem coefficient of friction of 0.16. This damage was easily removed by hand
polishing and the same stem and stem nut were used to complete the remaining
test cycles with no failure of these components and with & relatively normzl siem
coefficient of friction between 0.1 and 0.15.

Conclusions:
Stem nut failure from excessive wear is a legitimate concern if poor Jubricauon

practices were used. regardless of thrust levels.

Utility Actions:
Each Utility should verify that an adeguate stem lubrication program 1s in place.
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ATTACHMENT 1 (CONT'D)

Question 3
The Kalsi study found failures and significant wear of components expenencing lorque.
Kalsi and licensees should ensure that these components were not adversely affected by

thrust as well. Providing a specific listing of the components considered by Kalsi to be
thrust-related and torque-related in the Kalsi study wou'd be helptul. (Ref. NRC Meeting,
Question 3)

The Kailsi study experienced several failures of actuator pars because of torque. In
some cases, the torque failures occurred at less than the torque rating of the actuator.

How will WCNOC ensure that the failures were not also the result of excessive thrust?
(Ref. Wolf Creek Inspection Report, Question 3)

The only actuator components that see combined thrust and torque loading are the
stem nut, housing, and actuator drive sleeve; none of these components failed
during the subject testng program. Of the components that did fail, only torque
loading is present. The list below identifies actuator components that are thrust,
torque, or both thrust and torque loaded:

Component Thrust Only Torque Only Thrust & Torque
Stem

Stem nut
Drive Sleeve
Housing

Base of Housing
Housing Cover

Thrust Bearings
Upper housing cover \

b dbod Bod b od bod

pod Do oo

bolts
Actuator hold down X |
bolts !
Worm X

[ Worm Shaft

["Motor Pinion Key

Wotor pinion and W.s
Clutch gear ‘

\Bushmg (SMB 04 X
only Pc_No. 97) |

pad B Bt

A summary of torque related component failures is provided below:

Component Actuator Model Torque (% of Number of Cycles
Rating) to Failure in Test
Fixture (Average! ’
Worm SMB-000 117% 1,620 |
Worm SMB-00 96% 3774 |
Motor Pinion Key SMB-0 104% 226 |
Worm Shaft StB-1 { 141% | o8S e

Page 6 of 27 121/93



ATTACHMENT 1 (CONT'D)

As is evident from the above summary, no failures of actuator torque related components
were experienced when operating at or below the torque rating and for less than 2000
cycles. Each of the above listed failures is discussed below:

Failure of SMB-000 worm:

Three fatigue failures of the SMB-000 worm were encountered during the test
cycles at 117% of the rated torque. Several differences between test conditions
and those that occur in practice that lessen the severity of this anomaly are:

« operation at 117% of the rated torque
« reverse loading in the opening direction
« longer duration during load ramp portion of stroke

Each of these three items tend to exacerbate worm fatigue loading. Section 5.2.1,
Page 47 of 52 from the subject report states that:

From the details of this preliminary analysis, it can be seen that, while extending
the test results concerning the torque related components to a specific MOV
application, the differences between actual MOV torque vs. tes! fixture torque
levels, valve stifiness vs. test fixture disc spring stiffness, and the severity in the
number of worm revolutions and worm ihads in the test fixture as compared to
the real valves should all be property taken into account. Detailed analysis effort
under Phase 1l of this program will accurately account for all of these factors in
determining the fatigue life of the torsional componerts in the Limitorque
actuators used on MOV's.

This Section of the subject report clearly explains the differences in the test fixture
loading and that found in typical MOV operation that would contribute to fatigue
failure of the SMB-000 worm. The likelihood of such a failure occurring in an
actual in-plant SMB-000 operating below the torque rating is remote.

SMB-00 worm failure

One SMB-00 worm failure occurred during the test cycles at 96 percent of the
rated torgue. This fallure occurred at cycle 3,744 in the test fixwre. Again, in
comparing the SMB-00 test condition to that experienced 1n actual plant
operation, the following iiems should be considered:

« reverse loading in the opening direction
« longer duration during load ramp portion of stroke

Section 5.2.3, Page 48 of 52 from the subject report provides preliminary analysis
results which indicate that very small reductions in worm loading will produce
increases in worm life. Therefore, no corrective actions are deemed necessary at
this time. Phase 2 results should provide the necessary tools 1o assess the severity
of the SMB-00 worm failure for specific plant applications.
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ATTACHMENT 1 (CONT'D)

Shearing of SMB-0 motor pinion keys

NRC Information Notice 90-37. "Sheared Pinion Gear-to-Shaft Keys
Limitorgue Motor Actuators” involved only high-speed SMB-0 actuators with 25
fi-1b motors on 30-inch Jamesbury butterfly valve. Many utilities dismissed this
notice since they did not have MOVs meeting the description specified in the IN
90-37 notice. There have been, however, NUMErous other industry nouces
pertaining to motor pinion keys:

«  NRC Information Notice 88-84, “Defective Motor Shaft Keys in Limitorque
Motor Actuators”

« NRC Information Notice 81-08, "Repetitive Failures of Limitorque Operator
SMB-4 Motor-to-Shaft Key”

. INPO O&MR-25, "Limitorque Key Stock Material”

« INPO O&MR-46, "Limitorque Key Stock Material”

The SMB-0 test actuator was being stroked near its rated torque (104%) with an
average of 226 cycles 10 failure. Page 12 of 52 in the referenced document
recommends the following action be taken:

The key material should be reviewed in all SMB-0 actuators and changed 10 @
higher strength alloy steel, e.g., 4140, which eliminated the failures in our
testing.

SMB-1 Worm Shaft

Three worm shaft failures occurred during the SMB-1 testing at 141 percent of the
rated torque. Section 5.2.4, Pages 48 and 49 of 52 provides an assessment of
these failures. Preliminary analysis indicates that, had the testing been performed
at or below the rated torque, no Wworm shaft failures would have occurred.
Therefore, no cofrective action is NECessary at this time. Again, the Phase n
results should provide insight into the torque limitations associated with the SMB-
1 components.

Conclusions:
The subject repon clearly states that the existing actuator torque ratings should not
be exceeded. If this practice is followed, no torque failures are anticipated. In
addition, the torque loading produced during the subject testing far exceeds that
anticipated in actual plant operations. Again, one focus of the Phase 2 testing

program is 10 guantify the fatgue life of the torque related components through
testing and engineering analysis.

Utility Actions:

The SMB-0 motor pinion keys should be changed to the 4140 material dunng
actuator refurbishment.  This is not an immediate concem since the failures
occurred while operating above the torque rating (104%) and averaged 226 cycles
between failures. Limitorgque now offers replacement keys in the 4140 matenal.
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ATTACHMENT 1 (CONT'D)

No additional Utility actions arc required provided the units are operated within

the current 1Orque raungs.
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ATTACHMENT 1 (CONT'D)

The Kalsi study found cracking of components as a resutt of thrust after 2000 cycles. In
light of the occurrence of those cracks, Kalsi and licensees should give consideration to
whether the Kalsi study results are applicable to other actuators which may have
different material compositions based on manufacturing tolerances. (Ref. NRC Meeting,
Question 4)

During the Kalsi study, small cracks in the housing of actuators occurred after 2000
cycles.

Because of the statistical methodology used by Kalsi in establishing margin for a sample
size of one relied on 4000 successful cycles, how will WCNOC ensure that the cracks
did not affect the acceptability of the remaining cycles? (Ref. Wolf Creek Inspection
Report, Question 4)

As a point of clarification, the cracks observed during the testing were merely
surface cracks, NOT through wall cracks. In accordance with the test procedure,
the actuator components were disassernbled and inspected every 500 cycles,
including dye penetrant examination. These cracks were observed after 2000
cycles at 200% thrust overload in the SMB-00 housing and housing cover, and in
the SMB-0 housing cover only. ASME Section I11, Appendix 2 does not consider
surface cracks or crack initiation as a failure. As such, these surface cracks did not
prevent the actuator from successfully completing the goal of 4000 cycles at 200%
of rated thrust with no apparent crack propagation. Again, a sample size of one of
more is acceptable using the ASME criteria when appropriate de-rating factors for
the specific sample population are applied. The ASME criteria is applied to
account for normal variations in materizl properes and manufacturing tolerances
for a specific material.

Conclusions:
The criteria applied and documented ir: the subject report adequately account for
the presence of crack initiaton, and normal variations in material properues.
Utility Actions:
No specific Uulity actions are requirec 10 address this issue.
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Question 9

The Kalsi study did not include the offects of the inaccuracy of the loac ceil u ed 10
measure thrust and torque, nor the unc enainty associated in reading the strip char used

to record test data in the margin provided to suppon the conclusions

How will WCNOC ensure that the accuracy of MOV diagnostic equipment and the stnp
chart are included when using the resufts of the Kalsi study? (Ref. Woll Creek
Inspection Report, Question 5)

The accuracy of MOV diagnostk equipment should be considered when using the thrusl

values from the Kalsi study. (Ref NRC Meeting, Question 5)

g Response to Question 9:
The strip chart recorder was used pnmari
lns. Precision digital read-out indicators scaled in engineering unitz of lbs and

f-1bs. were used to record the actual torque and thrust values dunng the test

ly to observe data trends and number of

Two different ranges of load cells were ased to achieve high measurement

v while covering the wide range of loads used in testing the four sizes Ol

&AL
he load cells were calibrated three ume: before starting the tests, afier
C f 2000 cycles and seismic (ESUNE, and after the conclusion of the 4000
- al. The complete calibration hisiory 13 documented in Appendix C of the
K DO

and the digital indicator reagoul were calibrated as a unit s0 that In¢

total i .nt error 1s reflected in the calibralon The maximum error (U uding
rror the calibration master), in the axial load cell in the compPression

on was 1ol to be 0.48 p of the reading (not full scale) and ior ih

£ d cell was 0.67 percent of the reading These measurement errors ar

in cornparison to the 200 percent f the target thrust values used 1 qualily

act for increa rating Therefore, the impact of U

X 1 1 L'-‘l"rul‘ﬁ anti

mecCi al di , AI‘::’ D & A B | e ony :\f’HVAn"xL» CiC <

the load to be qualified. As such, the test uniis in the subject report were operals
, xcess of 4000 cycles at 200% thrust OVET ad. If IEEE guidelines are strict)
red 1o this testing conclusively demonstralcs that the SMB-000 through SMB

ts are qualified for 200% thrust overioad at 2000 operational cycies with a .

| safety margin. However, the paruc pants in this tesung voluntanly used
ASME Section III, Appendix 2 cnitena, wiuch provided for a 5.24 cycle margi
ind a 1.47 load margin (O amy 162% thrust overload for 2000 operauonal
Theretor supstanual ! ating of the test re sults has already been

I ! : \ nknow




ATTACHMERT 1 (CONT'D)

Conclusions:
The uncenainty of instrumentation and indicators used to conduct the subject
testing was quite small and insignificant when compared 10 the 200 percent thrust
overload values. In addition, the mechanical aging simulated in this test program
exceeded that specified by the referenced 1EEE Standards.

Utility Actions:
Each Utility will need to include the accuracy of the diagnostic equipment used to
measure actuator thrust as mentioned in Limitorque Technical Update 92-01 and
Limitorque Technical Agreement 92-01.
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ATTACHMENT 1 (CONT'D)

Question 6
Limitorque has issued Technical Update 92-01 which, among other conditions, indicates
that the actuator bolts must be tightened 10 a certain torque before applying the
increased allowable percentage thrust above the ralings. The Kalsi study is only
applicable if those bolts had been tightened before the overthrust condition was
expenenced. Dr. Kalsi stated that not having the bolts tightened to the prescribed
amount could resuft in increased wear of the components. Therefore, licensees should
recognize this limitation in the use of the Kalsi study to evaluate overthrust events for

actuators that do not have bolts tightened to the prescribed amount. (Ref. NRC Meeting,
Question 6)

The Kalsi repont stated that the actuator housing cover bolts must be torqued in a
prescribed manner. The NRC has been informed by Limitorque that Kalsi may be able
to justity removal of this precondition for the use of the Kalsi report.

How does WCNOC satisfy the appropriate conditions of the Kalsi study for bott torquing?
(Ref. Wolf Creek inspection Repon, Question 6)

During the subject test program, bolt pre-load torque values were selected 10
prevent joint separation during 270% to 280% thrust overload. Another purpose
for the selected bolt torque values was 10 minimize the potential for fasiener
failures due to alternating Stress as the joint is loaded since the focus of the report
was to address actuator components. As such, the guidance provided in the
subject report and in Limitorque Technical Update/Agreement 92-01 provide
values that may be overly restrictive based on plant specific thrust overload and

seismic requirements. Bolt torque values affect only the fatigue life of the bolts
and mmmwkwﬂmmmmm

Both the housing cover and actuator base joints are loaded only in the valve
closing direction. In a rigid joint (such as the actuator base to valve yoke), only
loads in excess of the bolt preload provide significant contribution to the bolt
alternating stress. However, for a flexible joint (such as the upper housing cover
where a gasket is present), the bolt will see significant alternating Stress with little
sensitivity 1o the bolt preload.

Therefore. for the upper housing cover, the exact bolt preload contributes little 1o
minimizing the bolt alternating stress since the upper housing cover joint is flexible.
As long as the upper housing cover bolts have some preload (1.e. are not loose)
there should be no significant impact on the bolt fatigue life between a light

preload and the maximum preload values specified on pages 17 to 20 of Appendix
A in the subject report.

Kalsi Engineering Report 1752C documents testing and analysis 10 demonstrate
the insensitivity of the bolt preload on fatigue life for SMB-000 new and old style
housing covers.  The SMB-000 actuator fasteners are subjected to the most
severe alternating stress magnitude in this series of actuators (from SMB-000
through SMB-1). A subsequent report, 1759C, documents the comparatve
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‘onclusions:
In order to use the increased thrust raungs 10t SMB-000 throug

3

necessary to preload the housing cover Of mounting fasteners L

used by Kalsi Engineenng in the Limitorque Phase 1 overload

Engineering Document No 1707C issued November 25, 1991) and rex

by Limitorque in Technical Update/Agreement 9201

Utility Actions:

It is concluded that, within the constraints of (he

recommendations, the fatigue life of the housing cover bolts 1s unafiected b

dld L TL WAl

amount of fastener preload. However, to prevent bolt loosening dunng operau

218 & T
| L A

and vibration, it is recommended that these bolts be tightened to some |
level of pre-load (standard craft practuce or actual torque values)




ATTACHMENT 1 (CONT'D)

A report in accordance with 10 CFR 50, Part 21, was issued regarding the sizing of the
bolts used in Limitorque 000 actuators.

How will WCNOC ensure that actuator housing cover and mounting bolts are adequately

sized for the increased aliowable thrust limits? (Ref. Wolf Creek Inspection Report,
Question 7)

As mentioned in the response to Question 6, each Utility should ensure that the
proper grade fastener tightened to the appropriate pre-load values are used.

Conclusions:
See Conclusions for Question 6.

Utility Actions:
See Utility Actions for Question 6.
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ATTACHMENT 1 (CONT'D)

[
The Kalsi report does not consider manutactuning differences of aging effects.

How does WCNOC provide assurance that the results of the Kalsi study are applicable
10 actuators at Wolf Creek considering any manufacturing differences and aging effects?
(Ref. Wolt Creek Inspection Report, Question 8)

The Kalsi study used new actuators in s testing program. The applicabilty of the
study's findings to older actuators installed in nuciear plants should be addressed. Two
considerations are the possible differences in manufacturing over the years and the
effects of aging. (Ref. NRC Meeting, Question 7)

Response to Question §:
Limitorque was involved in the review process for this report and confirmed that
there were no manufacturing differences that needed to be considered from a
thrust loading aspect other than the new and old style SMB-000 housing covers.
The applicability of the test results to the old style SMB-000 housing cover is
documented in KEI Report 1752C.

The testing documented in the KEI Report 1707C exceeds the mechanical aging
requirements specified by IEEE Standard 382. Qualification testing normally
involves the use of nmew test specimens to establish experimental control.
Controlled mechanical, thermal and radiation aging are applied to simulate the
qualified life. IEEE Standard 382 and 323 allow exemption from thermal and

radiation aging those parts that are not affected by these mechanisms. Limitorque
Report BOOS58 states the following:

+ Since metal parts are unaffected by moderate elevated temperatures, only
organic parts are considered in thermal aging. (Page 4,2.2.2)

« Limitorque test experience clearly demonstrates that for Limitorque actuzators
there is no difference on the equipment as a result of where irradiation occurs
in the aging sequence. (Page 5,2.2.4)

« Some materials, such as metallic parts, do not respond at all (Page 10,3.2.1.1)

« Metal components are unaffected by aging and would not respond to thermal
aging. No effort was made to thermally age the metal components. (Page 15,
3.24)

« In all cases. there was no noticeable detrimental effect of radiation on any

component in any of the test sequences or radiation level employed. (Page 17,
3.4)

Metal components are only affected by neutron radiation. The radiatuon called for
in the 1EEE Standards is developed by a gamma source which only affects organic
matenals.
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ATTACHMENT 1 (CONT'D)

Conclusions:
In terms of aging effects, no action is required. The mechanical aging simulated

during the test program documented in the Report far exceeds that specified by the
IEEE Standards or that performed in prior equipment qualification efforts.

Utility Actions:
No actions are required.
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ATTACHMENT 1 (CORT'D)

Question 9
The low stem friction coefficients observed dunng the Kals: study might not be achieved
under running loads and actual nuclear plant condttions. The Kalsi report also indicates
that thrust overload can occur without exceeding the torque rating of an actuator if the
stem friction coefficient is low.

How will WCNOC justity stern friction coefficient assumptions at WCGS?
How will WCNOC ensure that the thrust allowable limits are not exceeded? (Ref. Wolf
Creek Inspection Report, Question 9)

The Kalsi study found stem friction coefficients ranging trom 0.077 to 0.135. These stem
triction coefficients are less than some of the values founa in actual plant applications.
This potential disparity in stem friction coefficients needs 1o be considered for use of the
Kalsi study in licensee applications. (Ref. NRC Meeting, Question 8)

Response to Question 9:

No specific recommendations were made, and none are to be inferred regarding
the stem friction coefficients documented in the subject report. However, it should
be noted that a standard industry lubricant (Felpro N5000), and standard stem and
stem nut materials (4140 stem and Limitorque standard manganese-bronze siem
nuts) were used for this testing program which repeatedly subjected the actuator 10
200% thrust levels. As such, this report does provide legiimate test data which
may or may not be representative of a plant specific application.

In addition, this question implies that thrust ratings in excess of the current rating
can occur without exceeding the torque rating of an actuator only if the stem
friction coefficient is low. Depending on the stem geometry, this same situation
can be produced even with 0.2 stem friction coefficients. The important variable 1s
the actual stem factor, regardless of actual stem friction coefficients. It is
recognized, of course, that low stem friction coefficients will result in lower stem
factors for a given stem geometry and are therefore more likely to allow actuator
overthrust without overtorgue. The exact siem friction coefficient obtained during
testing versus that obtained in plant applications is of no consequence as long as

the torque rating is not exceeded and the thrust values are within those allowed by
the report.

Conclusions:
No specific efforts were made to obtzin the "low” stem friction coefficients
obtained during the subject testing. Also, the exact stem friction coefficient
obtained during testing versus that obtined in plant applications is of no

consequence as long as the torque rating is not exceeded and the thrust values are
within those allowed by the report

Utility Actions:
Each Utility is responsible for ensuring that the thrust Limits justified by the subject

report are not exceeded by using diagnostic test equipment, of conservatve
engineering calculatuons.
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ATTACHMENT 1 (CONT'D)

Question 10

The Kalsi report indicated that the actuator bolts had 1o be tightened during the seismic
tests

How will WCNOC ensure that the tightening of the bolts did not affect the acceptability of
the remaining cycles following the seismic tests in determining the total number of
successful cycles? (Ref. Wolf Creek inspection Report, Question 10)

The Kalsi study provided actuator testing for 2000 cycles, seismic testing for several
cycles, and subsequent actuator testing for another 2000 cycles. However, the Kalsi
study allowed tightening of actuator bolts after the seismic testing before continuation of
the final 2000 cycles of testing. The Kalsi study bases its consideration of margin for the
testing of a single sample on the conduct of 4000 test cycles. The Kalsi study should
ensure that tighlening the bolts after the seismic testing does not affect the reliance on
tests for 4000 cycles. (Ref. NRC Meeting, Question 9)

Response to Question 10:

‘Only the SMB-000 actuator experienced hold-down bolt loosening during seismic
testing. This was discovered during seismic test run 12, indicating that 12
operational cycles had been successfully completed even with loose hold-down
bolts for some portion of these 12 cycles. According to IEEE 344 requirements,
only 6 (5 OBE and 1 SSE test) cycles under seismic operation are required. To
satisfy plant design basis requirements, typically only a single open or close stroke
is required under seismic conditions. The reason that more than 6 seismic test
cycles were conducted was to fully envelope the seismic requirements for a
majority of the program participants. Again, the loosening of the hold-down bolts
did not prevent the actuator from successfully achieving 200% overthrust in the
open and close directions under seismic conditions.

Once the hold-down bolts were tightened, they did not loosen until seismic test run
41. Again, these successful operational cycles between test run 12 and 41 (29
runs) far exceed seismic qualification and plant design basis requirements.

In regards to impacting the actuator thrust rating, loose bolts only impact the
fatigue life of the bolts themselves, and not the actuator structural components.
See the response for question 6 for additional detail

Conclusions:

Resolution for this particular test anomaly involves making sure that the actuator
to valve hold-down bolts are properly torqued as stated in Question 6. Again, had
this anomaly occurred during the first 6 seismic tests it would be of greater
concem. Re-tightening of the SMB-000 raounting bolts did not impact the validity
of the test results for the actuator structural components, and recent test results
indicate that there was no impact on the bolting as well.

Utility Actions:

See Utlity Actions for Question 6.
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ATTACHMENT 1 (CONT'D)

Question 11

The stated objective of the Kalsi study was to demonstrate the capability of the
Limitorque actuators to withstand a specific thrust for 2000 cycles. All cycles
experienced by the actuators since fis manutacture must be included in the 2000 cycle
fimit.

How will WCNOC ensure that its actuators do not exceed the 2000 cycles? (Rel. Wolf
Creek Inspection Report, Question 11)

Dr. Kalsi stated that the total number of cycles that an actuator has operated from
beginning of its life must be counted in the 2000 cycle limit stated in the study.
Licensees need to maintain an accurate count of the number of cycles that each MOV
has operated in order to rely on the Kalsi study. Kalsi Engineering and Limitorque
should discuss this issue and correct the inconsistency in item 1 of the Limitorque
Technical Update 92-01 which appears to incorrectly aliow 2000 cycles under increased
thrust limit without consideration of the number of cycies experienced by the actuator
before the new thrust limits are applied. The letter from Limitorque 1o the participating
utilities should also be similardy corrected. (Ref. NRC Meeting, Question 10)

Fatigue failures are a function of stress intensity and number of cycles. Therefore
it is important to conservatively estimate the past number of cycles and stress
intensity to determine the cumulative fatigue damage and the remaining component
life. Normally, station operations personnel can provide a conservative estimate of
past cycle history and anticipated future use. The percent of rated thrust during
past operation can usually also be conservatively estimated and applied to the
allowable thrust fatigue life curve provided in the subject report to determine the
allowable cycle fatigue life.

Using the allowable thrust load versus number of cycles curve given in KEI Report
1707C, the procedure for determining the cumulative fatigue damage and the
remaining cycle life is determined as follows:

Definitions:
Tn= Allowable thrust overload (% of rated thrust) corresponding 10 a
given number of cycles, N
Nt = Allowzble number of cycles comesponding to a given thrust
overload, T (% of rated thrust)
n=  Number of cycles of overload applied at a given % rated thrust
from operations history

Tn = 456.4 - 88 95(Log N) for 763<N<10,156 Eqgn. 1.1

Tn =200 for N=1to 763 Egn. 11.2

Nt = Log"( Egn. 11.3

456.4-Tn J
88.95
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ATTACHMENT 1 (CONT'D)

e

Cumulative fatigue damage assessment using Miner's Rule:

Baly v lpo
Nl NI
Example 1:

Eqn. 11.4

SMB-0 actuator has been operating at 100% of rated thrust for 4000
cycles. Determine the allowable number of remaining cycles at 162% of

rated thrust.

Step 1: Determine allowable number of cycies, Nt, at 100% thrust:

Nt = Log"(

456.4 -100

)= 10,156
88.95

Step 2: Determine allowable number of cycles, Nt, at 162% thrust:

Nt= Log"\(

456.4-162

)= 2,040
88.95

Step 3: Determine cumulative fatigue damage fraction remaining  using

eguation 11.4:

4000 n,

-+ =
10,156 2040

Therefore, n, = 1236. This means that there are 1236 permissible cycles

remaining at the 162% thrust value for this actuator with a load history of

4000 cycles at 100% thrust. The following table is provided to assess the

remaining permissible cycles assuming operation at 100% of the thrust

rating for the specified number of cycles:

Number of remaining cycles, N,, at 162% thrust overload given a history of n, operating

cycles at 100% thrust rating:

n N, N,
Operating Cyéh History at Maximum Allowable Remaining Allowable
100% Thrust Rating Operating Cycles at 100% Operating Cycles at 162%
Thrust Rating Thrust Rating
500 10,156 1840
1000 10,156 1840
1500 10,156 1738
2000 10,156 1638
2500 10,156 1537
3000 10,156 1437
3500 10,156 1337
4000 10,156 1236
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ATTACHMENT 1 (CONRT'D)

Conclusions:
Counting cycles is virtually unnecessary if the unit has been operated below the
existing thrust ratings for fewer than several thousand cycles. Even with 4000
cycles of operation at 100% of the existing thrust rating, there are stll 1236
permissible cycles remaining at 162% thrust overload. The above response
provides the methodology for calculating remaining allowable cycles at a specific
thrust load (including overthrusting), given the past thrust load and cycle history.

Utility Actions:
Each Utility should perform an evaluation to see if counting cycles and calculating
remaining cycle life are necessary for actuators set at thrust overload conditions. If
this is necessary, the above response provides the methodology to assess
cumnulative fatigue damage and remaining cycle life.
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ATTACHMENT 1 (CONT'D)

The NRC has been informed of decreased thrust output of actuators that had their
housing cover bolts tightened 10 the torque prescribed in the Kalsi report. The thrust
reduction apparently was caused by an overcompression of the housing cover gasket
resulting in internal actuator binding.

How will WCNOC ensure that any tightening of actuator housing cover bolts is followed
by thrust verification tests? (Ref. Wolf Creek Inspection Report, Question 12)

Subsaquent o the meeting on April 15, 1982, Region IV personnel were informed by the
licensee of Arkansas Nuciear One thal, when implementing the Kalsi study and the
conditions for its use, the licensee had found the thrust delivered at MOV lorque switch
trip decreased by up 1o 50% as compared 1o the thrust delivered before implemeantation
of the Kalsi study. The licensee believed that the probable cause was the over-
compression of the housing cover gasket resulting from the new torque requirements of
the housing cover bolts. Some of the MOV diagnostic equipment in use by licensees
would likely not have detected this loss in delivered thrust. Duke Power needs 10 ensure
that this concem is resolved before licensees implement Limitorque Technical update
92-01 and the Kalsi study. Reporting requirements under 10 CFR part 21 might also be
applicable. (Ref. NRC Meeting, Question 11)

Response 1o Question 12:

Many utilities have successfully applied the recommended housing cover bolt
torque values without over preloading the upper thrust bearing or binding the
actuator. In the subject report, standard Limitorque guidelines were followed for
determining upper housing cover gasket thickness with no indication of upper
bearing or actuator binding. Normal procedures usually involve hand operation or
diagnostic testing after tightening the upper housing cover bolts to ensure that
binding has not been introduced.

Conclusions:

Utility

Only isolated occurrences of actuator binding have been identified, even when

wsing the unusually high upper housing cover torque values provided in the subject
report.

Actions:

Utilities should ensure that adequate procedural controls are in place to prevent
actuator binding following tightening of upper housing cover bolts. The standard
NMAC and Limitorque procedure of using a gasket thickness of the measured
housing cover gap plus 10% proved successful in preventing actuator binding
during the subject test program and when applied by various Utility participants.
In addition, hand operation and/or diagnostic tesung with equipment capable of

measuring stem thrust reductions (non-spring pack displacement methods) are
suggested.
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Question 13
The Kalsi study expenenced several Talure of the motor pinion Key in s tested
Limitorgue SMB-0 actuator. The Kalsi report stated that the motor pinion key should be
replaced with high strength mateniai in all SMB-C actuators for which the Kalsi study will
be applied. The NRC discussed potential failure of motor pinion keys in information

Notice 90-37

How will WCNOC ensure that motor pinion keys in all safety-related actuators are of
sufficient strength to withstand the stress exerted on them? (Ref. Woll Creek inspection
Report, Question 13)

Response to Question 13:

This issue was addressed in the response to Question 3




ATTACHMENT 1 (CONT'D)

Question 14
The Kalsi study experienced spurious engagement of the manual declutch lever duning
the seismic testing of the Limitorque SMB-000 actuator. The Kalsi report stated that the
declutch lever in SMB-000 actuators should be secured before applying the Kalsi
conclusions. As noted in NRC Vendor Inspection Branch Report 99900404/82-01, a
siudy of overthrust capabilty by Westinghouse Corporation experienced spurious
engagement of the declutch lever of a different size Limitorque actuator.

How will WCNOC ensure that the manual declutch levers are secured for all Limitorque
actuators that will be evaluated using the Kalsi study? (Ref. Wolf Creek Inspection
Report, Question 14)

Response to Question 14:

During the 54th and 75th seismic test, the manual declutch lever vibrated to the
manual engangment position. It was mechanically secured in the disengaged
position using duct tape for the remainder of the seismic testing. Accordingly, KEI
recommended in the Report that the lever be positively locked in the disengaged
position for seismic considerations only. Having the decluich lever positively
locked has absolutely no impact on the actuator ability to withstand the thrust
levels specified in the subject report, and should not be interpreted as such.
Limitorque is presently addressing the problem and a modification or "fix" is
forthcoming, most likely in the form of a light alloy operating lever.

It should be noted that a similar anomaly occurred with an SMB-00 actuator
during the Limitorque-Westinghouse testing. In an effort to reproduce this
condition, Limitorque performed an additional seismic test on 1/23/92. This
duplicate seismic test failed to produce the subject anomaly. As stated above,
however, Limitorque is in the process of reviewing potential design modifications
to the declutch system.

This particular anomaly appears to be a potential generic problem with the SMB-
000 and SMB-00 model line, regardless of the thrust developed. Variations in
drive sle~ve declutch spring stiffness appears to be the root cause of this condition.
Since te original Limitorque seismic qualification testing was performed on only
the SMB-0 model, this problem with the SMB-000 and SMB-00 models would not
have been detected. In addition, other seismic testing has been performed on these
same mode! actuators without experiencing this anomaly. This anomaly would be
of greater concem had it occurred during the first 6 seismic tests (number of tests

specified in TEEE-344 - five OBE plus one SSE), rather than during tests 54 and
55.

Page 28 of 52 in the subject report recommends that the SMB-000 manual
declutch lever be secured with a cable to keep in from spuriously engaging during
a seismic event. While this may be a suitable solution at a seismic test facility, it 15
not a suitable solution at an operating nuclear plant.
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ATTACHMENT 1 (CONT'D)

Conclusions:
Spurious engagement of the SMB-000 declutch lever occurred during seismic test
54 and 55, which is well beyond the 6 seismic sequences required for equipment
qualification. This issue has been reported to Limitorgue for resolution.

Utility Actions:
The recommended solution is to implement the Limitorque “fix" for all SMB-000
and SMB-00 model actuators over the course of several refueling cycles (ref.
Limitorque Potentially Reportable 10 CFR Part 21 Condition, December 7, 1992).
Only actuators required for operation during a seismic event need be targeted for
this modification.
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ATTACHMENT 1 (CONT'D)

Question 15
The Kalsi study used specific stem and stem nul matenals in its tested actuators.

How will WCNOC ensure that the conclusions of the Kaisi study are appiicable 1o the
stem and stem mut materials used at WCGS? (Ref. Wolf Creek Inspection Repon,
Question 15)

Response to Question 15:
As stated in the response to question 9, the exact stem friction coefficie 1t obtained
during testing versus that obtained in plant applications is of no consequence as
long as the torgue rating is not exceeded and the thrust values are within those
allowed by the report. Question 9 also provides the stem and stem nut material
used (4140 and standard Limitorque manganese-bronze, respectively).

In addition, the response to guestion 2 provides a discussion on the stem friction
coefficients obtained durine the subject testing.

Condlusions:
This issue was previously addressed in the response to questions 2 and 9. No
addiuonal recommendations nor utility actions are necessary based on this
question.
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Attachment 2

CECo Specific Utility Action

Question 1 Utility Actions

The valves for which the Kalsi thrust uprating is expected to be applied at CECo are not
expected to experience a large number of operational cycles at overload under design basis
dP conditions. CECo will evaluate the population of MOV for which the Kalsi thrust
rating is applied to determine if evaluation and/or inspection is necessary. CECo will rely
on the results of the Phase 11 testing for guidance to perform such evaluations, as needed

) ity Actions

As recommended in Attachment 1, an adequate stem lubrication program exists at CECo
Therefore, it is considered that excessive stem nut wear should be prevented and should
not adversely affect the operability of MOVs at CECo plants. Anomalies detected by
diagnostic testing will be evaluated

Question 3 Utiity Actions

Established torque ratings for Limitorque actuators at CECo are not exceeded by
application of CECo's GL 89-10 Program CECo is currently evaluating the impact of the
SMB-0 motor pinion key issue now that Limitorque offers appropriate replacement keys

Question 4 utility Actions

No utility specific actions required

Question S Utility Actions

CECo utilizes VOTES fc MOV diagnostic testing. Per the requirements of the CECo
MOV Program Document, the “VOTES" equipment inaccuracies are accounted for during
valve testing such that ratings zre not exceeded



Attachment 2 (cont.)

Question 6 Utility Actions

The housing cover bolts are tightened to some prescribed level of preload (standard craft
practice is used) to prevent bolt loosening during operation and vibration. Valves in the
CECo MOV Program have been or are in the process of being analyzed for seismic/weak
link limitations. In this analysis, the yoke to operator bolting is specifically analyzed under
seismic loading to determine the maximum limit for the operator thrust contribution The
methodology used by CECo to determine maximum allowable thrust values for MOVs
ensures that increased thrust loads from actuator thrust upratings will not exceed valve to
operator bolting load limits under seismic conditions.

CECo is evaluating the referenced 10 CFR 50, Part 21 issue regarding the size of the bolts
used in Limitorque actuators.
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