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EXECUTIVE SUMMARY

Three Mile Island Nuclear Power Station
Report No. 50-289/96-05

This integrated inspection included aspects of licensee operations, engineering,
maintenance, and plant support. The report covers a 7 week period of resident inspection;
in addition, it includes the results of announced inspections in the areas of Inservice
Surveillance Testing and Motor Operated Valve programs for unit 1.

Plant Operations

The operator's excellent response to the fuse clip failure for the station blackout diesel was
an example of positive performance related to the application of good self checking
techniques (Section M1.1).

Operations did not identify a degradation of Auxiliary Building and Fuel Handling Building
Ventilation (ABFHV) system flow. In addition, the shift senior reactor operators did not
document entry into the applicable TS Limiting Condition for Operation. The untimely
ABFHV system operability determination was similar to an AB ventilation issue that was
documented in NRC Inspection Report No. 50-289/96-02 (Section 01.2).

Operations performed and implemented multiple detailed on-line safety risk assessments for
the decay heat valve modifications. The applicable Technical Specification limiting
conditions for operation were entered and exited correctly for the safety related equipment
outage times (Section M1.1).

Maintenance

The maintenance and surveillance test activities observed during this inspection were
performed satisfactorily and demonstrated that the associated systems could perform their
design safety functions. In particular, the station blackout (SBO) diesel air start solenoid
valve replacement work activities were performed satisfactorily and should improve the
SBO diesel reliability (Section M1.1).

Engineering

The inspectors were unable to close the TMI MOV program during this inspection.
Adequate justification had not been provided to demonstrate the design-basis capability of
a large number of your nontestable-valve groups (Section E1.1).

The design-basis capabilly of certain motor-operated valves (MOVs) was not demonstrated
adequately for Generic Letter 89-10 program closure. For certain low-margin MOVs, the
licensee did not adequately justify the valve factors (derived for nontestable valves) as the
basis for demonstrating design-basis capability. Specifically, the approach used to apply
certain industry and Electric Power Research Institute (EPRI) valve test data was informal,



not well controlled with respect to design input to safety-related calculations, and not
technicaliy sound (Sections E1.2 and E1.3).

The methods used to include load-sensitive behavior for rising stem MOVs were
inadequate. The use of the MOVATS displacement measuring device (DMT) for
determining load-sensitive behavior was inappropriate (Section E2.1).

The engineering modifications for decay heat valves DH-V-4A/B were very well planned,
controlled, and implemented to address potential valve pressure locking issues (Section
k11

The TM! engineering and operations response to the Arkansas Nuclear One OTSG dryout
and stuck open safety relief valve event was comprehensive, thorough, and displayed a
strong initiative to address generic safety issues at other plants in order to reduce the
potential for a similar impact at TMI (Section E4.1).

Plant Support

The radiography procedure changes and boundary controls significantly improved the
radiological control personnels’ ability to alert all plant workers about the conduct of
radiography and ensure the exclusion boundaries were controlled properly. Procedure
6610-ADM-411.07 was revised satisfactorily to address the prior radiography problems
{Section R8.1).

The Radiological Controls/Occupational Safety department customized self-checking
training was a positive initiative to reinforce managements’ expectations for each
department (Section R5.1).
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Report Details
Summary of Plant Status

At the beginning of the period, Unit 1 was operating at 100% power. On June 29, 1996,
the licensee reduced reactor power to 50% to repair main condenser tube leaks. The
repair was completed satisfactorily and the unit returned to 100% power on June 30th
At the end of the period, the unit was operating at 100% power

I._Operations
01 Conduct of Operations (71707)’
01.1 General Comments

Using Inspection Procedure 71707, "Plant Operations,” the inspectors conducted frequent
reviews of ongoing plant operations. In general, the conduct of operations was
professional and safety-conscious; specific events and noteworthy observations are
detailed in the sections below. In particular, the inspectors noted a repetitive concern
related to the recognition and documentation of a Technical Specification (TS) operauvility
determination that was documented in NRC Inspection Report No. 50-289/96-02.

01.2 Auxiliary Building Ventilation Filter Operzbility Determination and Documentation

Inspection Scope (71707)

The Auxiliary Building and Fuel Handling Building Ventilation (ABFHBV) system is
designed to maintain suitable and safe ambient conditions for operating equipment
and personnel during normal plant operation. The system is also cesigned to
minimize the release of radionuclides to the environment under postulated accident
conditions by maintaining a negative building pressure. The required combined
exhaust flow of the ABFHBV systems is 100,580 cubic feet per minute (cfm) to
130,691 c¢fm per TS

On July 9, 1996, the inspector’'s noted in the Control Room log that the system
flow had been logged by the night shift Reactor Operator at 100,560 cfm, which
was below the TS minimum Iimit. The inspectors reviewed the ABFHBYV system
TSs, updated final safety analysis report (UFSAR), Control Room logs, and ABFHBV
chart recorders. The inspectors also interviewed the system engineer and
appropriate operations personnel to determine the actions taken in response to the
low system flow

Topical headings such as 01, MB, etc., are used in accordance with the NRC standardized
reactor inspection report outline. Individual reports are not expected to address ail outline

topics




rvation Findi

The ABFHBV fans were shifted following the recognition of the low flow with the
‘A" and ‘C’ fans secured and the'B’ and ‘D’ fans placed in service. Subseguent
readings were above the TS required minimum flow. A surveillance deficiency
report (SDR) was written to document the ABFHBV low flow condition and the
system was considered operable by operations. ABFHV system flow readings were
recorded from the digital readouts in the control room at 2:00 a.m. and 9:00 p.m.
each day to verify operability.

The system engineer presented a comprehensive plan to troubleshoot the ventilation
system low flow condition. From July 9th through July 12th, troubleshooting
continued with the ABFHBYV system being shutdown for fan inspection, filter
inspection, and filter change. On July 12th, at 4:30 p.m., the exhaust fans were
restarted with no change in recorded flow. After operation management’s review of
the ABFHBV degraded flow, the SS entered the correct TS LCO due to the digital
chart readings at the low end of the oscillation being less than the TS minimum limit
of 100,580 cfm and the frequency of the oscillations indicating a degraded
condition. The low end of the total flow oscillations were recorded as 99,400 cfm.

On July 14th, additional inspections of the dampers and ductwork revealed a
broken manual damper. A temporary modification was written and the broken
damper louvers were wired in the open position. System flow improved to
approximately 110,000 cfm. A Plant Review Group meeting was held on July 15th
to review the ABI'HBV system condition and concurred with the operation
management’s decisi~, to call the ABFHBV operable. As of the end of this
inspection period the licensee continued to troubleshoot the system to identify
additional causes of the degraded system fiow.

The inspectors obtained copies of the control room ABFHBV charts showing a low
flow condition on July 5th approximately 10,000 c¢fm below TS LCO minimum with
no explanation documented on the chart. Operations personnel were questioned
and the Operation’s manager explained that the low flow was due to a 480 Volt
electrical bus outage which caused a loss of control building fans. The same
condition occurred again on July 12th when the same bus was de-energized to
complete the breaker work. The low flow conditions existed for approximately cne
hour each. Operations personnel did not recognize the abnormal ventilation trends
that resulted in the total ABFHBV flow that was less than the TS limit. In addition,
the shift SROs did not document the applicable TS LCO when flow dropped below
then recovered above the minimum value.

Operations management backdated the shift log on July 31st to include the correct
dates and times for the three occasions when ABFHBV decreased below the
minimum TS LCO value. The inspectors also obtained flow values from the daily
logs showing a decreasing trend of ABFHBV flow over the previous two week
period from 105,000 cfm to the low value of 100,560 cfm on July 9th. This flow
was below the value of 118,000 cfm that was documented in October 1985 at the
end of the last refueling outage.
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nclusion

Operations did not identify a degradation of Auxiliary Building and Fuel Handling
Building Ventilation system flow. In addition, the shift senior reactor operators did
not document entry into the applicable TS Limiting Condition for Operation. The
untimely ABFHV system operability determination is a repeat problem that was
similar to an AB ventilation issue documented in NRC Inspection Report No. 50-
289/96-02.

. _Maintenance
Conduct of Maintenance (62703, 62707, 61726)
General Comments
Inspection Scope

The inspectors observed all or portions of the following maintenance and
surveillance work activities:

L] Job Order No. 106833, "'B’ 125 VDC Ground Troubleshooting.”

® Job Order No. 128218, "Station Blackout Diesel Air Start Valve
Replacement.”

® Job Order No. 121608, "'C’ River Water Travelling Screen Troubleshooting
Shear Pin Problem."

L] Job Order No. 117416, "DH-V-4A/B Pressure Locking Modification.”
L Job Order No. 122221, "BS-V-2B Limitorque Preventative Maintenance."
@ Operations Procedure 1107-9, "Station Blackout Diesel Surveillance Test."

L] Surveillance Procedure 1303-5.5, "Control Room Emergency Filter System
Operability Test.”

. Surveillance Procedure 1303-11.13, "Control Room Emergency Filter DOP
and Halide Test."”

vation

Two positive observations were noted related to the station blackout diesel
maintenance and associated post maintenance test run. First, the replacement of
both air start solenoid valves with a new and improved design should result in fewer
diesel slow starts and improved reliability. Secondly, control room operators (CROs)
demonstrated an excellent questioning attitude during the performance of
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Operations Procedure 1107-9, "Station Blackout Diesel Surveillance Test." The
operator response to a fuse clip failure for the station blackout (SBO) diesel was a
good example of positive performance related to the application of proper self
checking techniques. The control room indications for the fuse clip failure were
similar to a previous problem related to the ‘A’ emergency diesel. The improved
procedure guidance that was incorporated since the previous problem aided the
CROs in the early recognition of the SBO diesel trouble.

Positive observations were also noted related to the planned modification work on
the decay heat injection valves DH-V-4A/B. The modification was performed to
address motor operated valve pressure locking concerns. Multiple on-line
maintenance risk assessments were completed for the Technical Specification (TS)
components that were removerd from service during the modification work. The
applicable TSs were entered and exited corrzctly during the modification outage
time. The work activities were weli coordinated and executed by maintenance,
engineering, operation, and radiological control personnel.

Conclusions

The maintenance and surveillance test activities observed during this inspection
were performed satisfactorily and demonstrated that the associated systems couid
perform their design safety functions. The operatc response to the fuse clip failure
for the station blackout diesel was excellent and an example of positive
performance related to the application of good self checking techniques. The
engineering modification for decay heat vaives DH-V-4A/B was very well planned,
controlled, and implemented to address potential valve pressure locking issues.
Plant operations performed and implemented multiple detailed on-line safety risk
assessments for the decay heat valve modifications. The applicable Technical
Specification limiting conditions for operation were entered and exited correctly for
the safety related equipment outage times.

lll._Engineering
Conduct of Engineering (37551, 92903)
Generic Letter 89-10 Motor-Operated Valve Program Review

Following this inspection, a management meeting was held between the NRC and the
licensee on July 22, 1996, in the Region | office, to discuss the MOV inspection findings.
The slides used by the licensee during this presentation are provided as an attachment to
this inspection report.

In ion TI 15/1

A sample of valves was selecied for inspection that included examples of all
methods utilized in the TMI’s GL 89-10 program to demonstrate design-basis
capability. The methods for demonstrating MOV design-basis capability included
verification by: (1) valve-specific dynamic test at, or near, design-basis conditions,
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(2) valve-specific test, linearly extrapolated to design-basis conditions, and (3)
industry information provided oy the Electric Power Research Institute’s (EPRI)
performance prediction program (PPP) and other nuclear faciiities. The inspectors
reviewed special test packages and engineering evaluations for the following
selected MOVs:

DH-V-3 Decay heat system drop line isolation valve

DH-V-7A Decay heat system pump discharge to makeup pump suction
isolation valve

FW-V-92A  Startup feedwater block valve

FW-V-92B  Startup feedwater block valve

MU-V-36 Makeup pump minimum recirculation flow line isolation valve
MU-V-37 Makeup pump minimum recirculation flow line isolation valve
RC-V-2 PORV block valve

RR-V-5 Bypass valve for RR-V-6 pressure control valve

The GL 89-10 program scope consisted of 77 MOVs. A total of 36 MOVs were
dynamically tested.

inspection Scope

The inspectors reviewed valve packages that established the thrust requirements for
MOVs. The purpose of this review was to assess the licensee’s justifications for
assumptions used in MOV thrust calculations that form the basis for determining the
design-basis requirements.

i indi
neral |

The thrust calculations typically utilized the standard industry equations. Mean seat
diameter was used to calculate valve seat area. Valve factors were based on in-
plant test results or from other industry sources, as specified by the licensee’s
grouping methodology. A stem friction coefficient of 0.20 was used for
determination of actuator output thrust capability. A 2.9% bias margin and a
10.2 % random margin were used to address load-sensitive behavior (also known as
"rate of loading") for those rising stem MOVs that were not dynamically tested. A
bias margin of 5% was included to account for potential future valve degradations.
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Minimum thrust requirements for setting of actuator torque switches were adjusted
to account for diagnostic equipment inaccuracy and torque switch repeatability.

| rs - Val i

The MOVs were divided into valve groups based on valve manufacturer, valve type,
and ANSI pressure class rating. In-plant test data was used, when available, fer
justification of valve factors for nondynamically-tested MOVs. If in-plant data was
not available, then data from other utilities and the EPRI PPP were used to establish
valve factors. However, some of the in-plant dynamic test data were not
considered adequate to justify applied valve factors. This placed greater burden on
obtaining adequate industry information to justify program assumptions.

The following are examples where grouping methods did not meet the intent of
Gl 89-10, Supplement 6, guidance for developing an adequate bases for program
assumptions. The valves in these groups also had small apparent thrust margins.

Group #6

Valve Group #6 (FW-V-92A & 92B - close safety function) consisted of 6" Crane
900 # flex-wedge gate valves. The licensee had assigned a 0.42 valve factor for
this group, which had a design-basis close differential pressure of 580 psid. The
valve factor was based on a friction coefficient obtained from the ambient fluid
temperature, pumped flow closing test of Valve #14 from EPRI's PPP. Two other
valve iactors from similar valves at two other PWRs were also considered. No
specific analysis method was applied to the industry data, except that more weight
was given to the EPRI test result. One utility had conducted two dynamic tests on
a single MOV, and obtained valve factors of 0.363 (Test 9) and 0.463 (Test 10).
The other utility’s dynamic test obtained a valve factor of 0.365. The inspectors
noted that the tests were conducted at differential pressures that were more than
double the design-basis conditions specified for the TMI Group #6 MOVs. EPRI
testing has shown that valve factors tend to decrease as differential pressure
increases. Therefore, it is reasonable to expect that the industry valve factors
would be higher if the dynamic tests had been conducted at conditions closer to
580 psid.

The inspectors noted that Valve Group #6 included an additional 12 data points
from industry (outside TMI) dynamic tests of six other MOVs. However, these
valve factors were excluded from consideration ("given less weight"), because the
valve/actuators were orientated differently than FW-V-92A & 92B. No technical
justification was provided to support these exclusions. A review of this data
showed that every excluded data point, except for one, was higher than the applied
0.42 valve factor.

Group #9

Valve RC-V-2 (PORV Block Valve) in Valve Group #9 was a 2.5 "Velan 2500 # flex-
wedge gate valve. The licensee had assigned a ().40 valve factor for this group,
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which had a design-basis close differential pressure of 2367 psid. This valve factor
was based on a friction coefficient obtained from the ambient fluid temperature,
high pumped flow closing test of Valve #13 from EPRIi's PPP, and in-plant test
results obtained from two 1500 # Velan gate valves (MU-V-36 & 37). The close
valve factors for these two valves were less than 0.40. However, the inspectors
noted that MU-V-36 & 37 were of a different pressure class than RC-V-2. Further,
when selecting EPRI data, GPUN did not use the highest valve factor observed by
EPRI prior to hard-seat contact (0.452) for Valve #13. Instead, a valve factor that
EPRI identified as the valve factor present at flow isolation was used in the
caicuiation. The use of flow isolation valve factors when applying test data to
similar nondynamically-tested MOVs is not appropriate due to the valve specific
nature of determining flow isolation,

The industry data acquired for Valve Group #9 were for 15600 # gate valves and did
not include any valve factors for 2500 # gate valves similar to RC-V-2. A close
valve factor of 0.424 was obtained from a similar 2.5" Velan 1500 # gate valve at
ANO. However, this data was excluded ("given less weight”) on the basis that the
data came from another nuclear facility (instead of from in-plant testing or EPRI
testing). Valve factors obtained from 20 other 1500 # Velan gate valves were
excluded on the basis that they were slightly larger in size (3" to 4") than RC-V-2.
The licensee stated that the average valve factor for this other industry data was
0.56.

In summary, the inspectors considered the valve factor justifications for Valve
Groups #6 and #9 (RC-V-2 only) to be weak. The close thrust margins (based on
the current valve factor assumptions) were as follows: FW-V-92A - 2.2%; FW-V-
92B - 3% and RC-V-2 - 20.1%. Appropriate technical justifications for the
selection of the Group #6 and #9 valve factors are necessary to establish the
valve's design-basis capability, prior to GL 89-10 program closure.

Valve Factors - EPRI Data

The licensee used disc friction coefficients obtained from EPRI's PPP to support
valve factor justifications for several valve groups. The inspectors had several
concerns with the application of these data.

Some valve groups (e.g., Valve Groups #6 and #13) used an individual EPRI disc
friction coefficient as the primary basis for the selected valve factor. Other valve
groups (e.g., Valve Group #14) listed additional industry data, but the selected
valve factor for the group closely matched the EPRI disc friction coefficient. The
EPRI disc friction coefficients were documented in EPRI report, "EPRI MOV PPP
Update of Results and Specifications and Drawings for Flow Loop Test Valves,"
dated December 14, 1993. Consistent with the guidance provided in Supplement
6, individual data points do not demonstrate similarity of valve performance and,
therefore, are not adequate justification for valve factors applied to nondynamicaily-
tested MOVs.
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The EPRI PPP determined apparent disc friction coefficients at several points during
a valve stroke. These friction coefficients are not equivalent to valve factors and
should be converted to valve factors by accounting for the angle of the valve's
seating surface. These conversions were not made, which resulted in the use of
nonconservative valve factors (for the closing direction).

EPRI PPP disc friction coefficients may not be reliable for use as an individual data
point due to the lack of preconditioning (in some cases) and the general practice of
removing apparent parasitic loads from the measured force requirements before
calculating the apparent friction coefficient. Removal of parasitic loads resuits in a
nonconservative thrust requirements if the disc friction coefficient is applied to a
different valve and the parasitic loads are not added back into the minimum thrust
requirement. The EPRI PPP does not identify when parasitic loads were present.

Valve Group #13 consisted of MS-V-2A and 2B (12" Walworth 600 # flex-wedge
gate valves) that are main-steam system valves that isolate the line that provides
steam to the auxiliary feedwater turbine. A valve factor of C.47 was selected
based on early PPP test results of EPRI Valve # 31, which was a 12" Walworth 150
# flex-wedge gate valve that was tested under ambient temperature, low pumped
flow conditions. The inspectors questioned the selection of this EPRI valve based
on the lower pressure class and the difference in the test conditions as compared to
the design-basis conditions identified for Valve Group #13. The inspectors
indicated that EPRI Valve #30 (6" Walworth 900 # flex-wedge gate valve) would
have been a better match because of the typical similarity of construction between
600 # and 900 # gate valves, and because the EPRI testing for Valve #30 was
done under high temperature fluid flow conditions. These test conditions may be
more applicable should MS-V- 2A and 2B be cal'ed upon to close against a
downstream steam line break.

The inspectors noted that Valve Group #9 used an EPRI disc friction coefficient
(0.287 - EPRI Valve #13) that was measured at flow isolation. This same EPRI test
had 8 maximum close friction coefficient of 0.452. Due to the arbitrary nature of
determining flow isolation, the observed flow isolation friction coefficients are valve
specific. As stated in the NRC's safety evaluation report (SER) by the Office of
Nuclear Reactor Regulation of Electric Power Research Institute Topical Report TR-
103237, "EPRI Motor-Operated Valve Performance Prediction Program,” dated
March 15, 1996, "EPRI states that the model output for flow isolation is
‘theoretical’ flow isolation position that is for information only and is not to be used
to establish thrust requirements in accordance with the EPRI methodology.”

The NRC staff reviewed the EPRI performance prediction model (PPM) software as
documented in the above referenced SER. The staff’'s endorsement of the PPM
(with the conditions stated in the SER) only covers the use of the PPM software.
The SER does not accept use of the PPP's individual disc friction coefficients.

Because of the above concerns, the inspectors did not consider the use of EPRI's
PPP friction coefficients to be appropriate for justification of va!ve factors used by
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their grouping methoo logy. A sound technical justification for the use of EPRI PPP
dat', in selecting valve actors is necessary prior to GL 89-10 program closure.

Vi lve Factors - Industry Jata

T 1e licensee obtained va ve factors information from industry sources via phone
r,onversations with other licensees. The inspectors noted a lack of thorough
supporting documentation for the valve factors used from industry sources.
Specifically, the licensee had not thoroughly documented the following information:

- The test conditions (i.e., pressures, flows, fluid temperatures) and system
configurations should be documented. Pressure instrument locations and
methods used to record differential pressure should be clearly understood.
This is especially important for cases where test results appear to be
abnormally low.

- How the force point on the diagnostic trace was selected (e.g., at flow
isolation, hard seat contact, or highest force up to hard-seat contact).

What was the valve seat diameter measurement used by the valve factor
calculation and whether this diameter was obtained by measuring the valve's
orifice diameter, the mean seat diameter, or by some other point of
reference.

- The general method used to calculate the valve factor. This would include
knowing how packing loads and stem rejection loads are determined and
removed from the force measurements. It would also include knowing if
parasitic loads were removed before calculating the valve factor.

This inforrmation is necessary to ensure that reliable data is used to establish design-
basis requirements. Documentation for industry data, used to determine valve
factors, is necessary prior to the closure of the GL 89-10 program.

| rs - n mically-T

The MOV program included several valve groups where the valve factor
justifications were inadequate:

Group 1 - 3" & 4" Aloyco 150 # Split-Wedge Gate Valves - Valve Factor = 0.50

One MOV (BS-V-2B) was tested; however, the licensee was unable to determine a
valve factor due to a lack of observable differential pressure effects in the
diagnostic trace. One EPRI prototype test friction coefficient was considered.
Twelve industry valve factors (from eight MOVs) were obtained over the telephone
or via telefax communications. Some industry valve factors were larger than 0.50
and others were less than 0.50. Therefore, it was not clear how these data were
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analyzed and TMIi had not determined the disc orientation of the valves tested by
the industry sources (see the next section addressing concerns related to disc
orientation of Aloyco split-wedge gate valves).

In-plant or industry data had not been collected to support this assumption.
-4" it- | - Val { =

One MOV (DH-V-7B) had been tested, and the licensee measured a valve factor of
0.66 for the open safety direction. This valve factor was not used (see Section 3.0
of this report). Four industry valve factors (from two MOVs) were calculated by
TMI by reviewing the diagnostic traces. Five other industry valve factors (from
three MOVs) were obtained over the telephone or via telefax communications.
Some industry valve factors were larger than 0.60, and others were less than 0.60.
Therefore, it was not clear how these data were analyzed to arrive at a 0.60 valve
factor.

r -2 . -V- - nlyj -

| =

In-plant open test data was not available for MU-V-3G/37. One EPRI prototype
open test friction coefficient was not used. Nine industry valve factors (from seven
MOVs) were calculated by TMI by reviewing the diagnostic traces. Ten other
industry valve factors were obtained over the telephone or via telefax
communications. None of the industry data were used for the open safety
direction.

. 4 " " " l 2 ' .v
= 0.4

One MOV (IC-V-2) was tested and the licensee measured a valve factor of 0.44 for
the open safety direction. This valve factor was not used (see Section 3.0 of this
report). Three other MOVs were dynamically tested, but TMI was unable to
determine a valve factor due to a lack of observable differential pressure effects in
the diagnostic trace. One EPRI prototype test friction coefficient was considered.
Six industry valve factors (from two MOVs) were calculated by TMI by reviewing
the diagnostic traces. One industry valve factor was obtained over the telephone or
via telefax communications. Some of these industry valve factors were larger than
0.40, and others were less than 0.40. Therefore, it was not clear how these data
were analyzed to arrive at a 0.40 valve factor.

Group 13 - 12" Walworth 600 # Solid Wedge Gate Valves - Valve Factor = 0.47

No in-plant or industry data was available to support this assumption. One EPRI
prototype test disc friction coefficient was the basis for the selected valve factor
early in the program’s development. However, EPRI increased this friction
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coefficient in a later PPP test report, and TMI did not update their assumptions to
account for this change.

14 - 6" Wal Flex- - Val =04

No in-plant data was available to support this assumption. One EPRI prototype
open test friction coefficient was considered. Nine other industry valve factors
(from four MOVs) were obtained over the telephone or via telefax communications.
Some industry valve factors were larger than 0.40, and others were less than 0.40.
Therefore, it was not clear how these data were analyzed to arrive at a 0.40 valve
factor.

-10"/12"/14" | h 1 # X~ - Val
Factor = 0.60

Three MOVs were dynamically tested; however, the licensee was unable to
determine the valve factors due to a lack of observable differential pressure effects
in the diagnostic trace. Industry valve factors for three MOVs were obtained over
the telephone or via telefax communications. Some of these industry valve factors
were larger than 0.50, and others were less than 0.50. Therefore, it was not clear
how these data were analyzed to arrive at a 0.50 valve factor.

While the MOVs in the valve groups listed above appear to have adequate margin
based on current assumptions, the basis for the thrust/torque requirements have not
been well established. Additional information (e.g., results from EPRI's PPM or
other applicable industry dataj is necessary to support current thrust/torque
requirements for these MOVs prior to GL 89-10 program closure.

| rientati

Industry experience has shown that Aloyco split-wedge gate valve performance is
sensitive to valve disc orientation. The licensee obtained Aloyco valve factor data
from other industry sources for use in their grouping methodology. However, the
test valves’ disc orientations were not provided by the industry sources. Further,
the engineering staff were not sure of the orientation of certain Aloyco split-wedge
gate valves. Therefore, some of the industry data may not be applicable to the
valves at TMI. Further evaluation is necessary to obtain orientation information for
the industry data that was acquired, remove nonconservative data points, and
reassess the assigned valve factors for Valve Groups #1 & #3.

Load-Sensitive Behavior

The load-sensitive behavior data was provided in Appendix J of TMI’s program
description. The average of the data for rising stem MOVs was 2.29%, with two
standard deviations o1 10.29%. The average value was increased to 2.9% and was
added to the thrust requirements as a bias error. The two standard deviation value
(10.3%) was combined with other errors and uncertainties in a square root sum-of-
the-squares methodology.
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The MOVATS displacement measuring device (DMT) was used during dynamic
testing to determine thrust output. The DMT was calibrated to indicate thrust by
correlating the spring pack displacement to a MOVATS stem strain ring’s (SSR)
thrust measurement during a static test. However, the MOVATS DMT will not
detect the presence of load-sensitive behavior that may occur during a dynamic
test. This is because load-sensitive behavior is the resuit of an increase in stem
friction coefficient caused by the higher stem load present during a dynamic test. If
the stem friction coefficient increases during the dynamic test from what was
present during calibration of the DMT, the DMT measurement will overestimate the
actual thrust that was applied to the stem. Therefore, the DMT provides unreliable
thrust values during dynamic testing, an is unable to detect the presence of load-
sensitive behavior. Appendix J analyzed data from 23 rising stem MOVs, of which
21 were tested using the MOVATS DMT. Based on the inability of the DMT to
identify the presence of load-sensitive behavior, only two of the data points (which
were measured using the VOTES diagnostic system) were valid. The inspectors did
not consider two data points adequate to justify the licensee’s load-sensitive
behavior assumptions for rising stem MOVs and were unable to close this aspect of
TMI's generic letter program.

TMI used the VOTES diagnostic system to diagnostically test rising rotating-stem
globe valves. Because the VOTES system directly measures the thrust applied to
the valve stem, it can detect load-sensitive behavior. TMI tested eight rising
rotating-stem globe valves. The VOTES equipment was used for four of these
dynamic tests and the MOVATS DMT was used for the remaining four tests.
Therefore, the four VOTES tests provided valid load-sensitive behavior results.
Appendix J identified the average of the rising rotating-stem globe valve data as
6.22%, with two standard deviations of 17.74%. The inspectors independently
analyzed the four VOTES data points and obtained slightly higher values. However,
given the uncertainty involved with analysis of this small number of data, the
inspectors considered the licensee’s assumptions for rising rotating-stem globe
valves to be adequate. The licensee will need to collect additional load-sensitive
behavior data, to improve their justification, as part of their periodic verification
program,

Fricti fficien

The thrust calculations used a 0.20 stem friction coefficient assumption. Test
results were analyzed in a draft document that was generated to support TMI's
MOV trending program. The inspectors noted that one gate valve and two globe
valves had stem friction coefficients significantly above 0.20. All remaining test
data points were <0.20. Therefore, the inspectors determined that the licensee’s
basis for the use of a 0.20 stem friction coefficient assumption was adequate. The
licensee will need to increase their confidence level in this assumption by obtaining
additional stem friction coefficient data in the future, as part of their MOV periodic
verification program.
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On September 21, 1993, GPU Nuclear Corp. submitted a response to the NRC's
Generic Letter 89-10, Supplement 5, "Inaccuracy of Motor-Operated Valve
Diagnostic Equipment.” This submittal documented TMI's actions taken to resolve
issues related to the open calibration of the MOVATS DMT using a load cell. To
resolve this issue, 28 MOVs were reviewed and found to have acceptable settings.
TMI also uses the VOTES diagnostic system. However, all test data was acquired
with a version of the VOTES software that included torque correction factors.
Therefore, no actions were required for existing VOTES tests.

During discussions with TMI personnel, the inspectors identified that the licensee’s
MOV switch setting methodology did not account for the diagnostic equipment
uncertainty associated with use of the DMT to determine actuator torque output.
Accounting for these uncertainties is important to ensure that torque limits are not
exceeded. The licensee will need to conduct a screening to determine the impact of
this error, take action as necessary, and to correct diagnostic | edures prior to
MOV program closure.

Conclusions

In general, TMI's did not implement a rigorous analysis method for application of
industry information when determining valva factors for nondynamically-tested
MOVs. Given the many concerns, the inspectors did not find TMI's methods for
justifying the valve factors and load-sensitive behavior assumptions used in design-
basis thrust equations to be adequate for GL 89-10 program closure.

10 CFR 50, Appendix B, Criterion Ill, and the GPU Nuclear Operational quality
Assurance Plan require that design control measures be established for verifying and
checking design inputs. The failure to establish proper design control measures,
when determining the valve factors for certain safety-related valves, is a violation of
these requirements (50-289/96-05-01).

Basion Basis C i
Inspection Scope
The inspectors reviewed TMI's "Program Description for NRC Generic Letter 89-10
Motor-Operated Valve Program” valve test packages and associated test reports for
the selected MOVs. The purpose of this review was to assess TMI’s efforts to
establish design-br.sis capability for all MOVs in their GL 89-10 program.

ion Fi
T Calculati

The dynamic test of DH-V-3 measured a close valve factor of 0.56 and an open
valve factor of 0.64. The thrust calculation for D H-V-3 used an inappropriate valve
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factor of 0.50. The licensee revised the thrust calculation using the measured vaive
factors. The revised calculation indicated that the current settings were adequate
because the design-basis differential pressure was being reduced to remove a
mispositioning scenario. The inspectors found other cases where measured open
valve factors were not applied (i.e., DH-V-7B and IC-V-2). TMI indicated that these
valve factors were not valid and should not be applied, because: (1) DH-V-7B;
differential pressure effects were not detected and unwedging loads were used to
calculate the valve factor, and (2) IC-V-2; differential pressure effects were not
detected and the force equivalent to spring pack preload was used to calculate the
valve factor. The inspectors noted that TMI's grouping justifications did not contain
this information. The licensee will need to revise the appropriate program
documents and thrust calculations to incorporate tested valve factors prior to
program closure.

The TMI Program Description, Data Sheet 2, Appendix H, was used to document
the post-test acceptance criteria for static and dynamic testing. Completion of this
checklist was required prior to returning an MOV to service. The inspectors noted
that the dynamic test margin assessment did not consider the added margin
required to account for torque switch repeatability. The licensee agreed with this
observation and will revise the checklist to include this margin. Further, TMI will
review the impact of this omission. These items will require resolution prior to MOV
program closure.

Test Data Extrapolation

The dynamic test review checklist for the dynamic test of RR-V-5 (Bypass Valve for
RR-V-6 Pressure Control Valve - 10" Pratt 150 # Butterfly Valve), noted that the
dynamic test differential pressure was 128 psid, which was approximately 90% of
the design-basis differential pressure of 141 psid. However, the dynamic test
review checklist identified this as a full differential pressure test and did not
extrapolate the hydrodynamic test results to design-basis conditions. TMI personnel
were unable to document why test results were not properly extrapolated, but
postulated that the extrapolation was not done, because the test differential
pressure was unknown at the point of maximum load during the open stroke. While
the lack of differential pressuie information may hinder accurate determination of
design-basis torque requirements, it does not justify the documented evaluation
where the test was considered a full differential pressure test. Similar concerns
were identified for valves NR-V-4A and NR-V-4B. The inspectors also noted that, if
the measured seating or unseating torque bounded the measured hydrodynamic
torque, TMI assumed that the seating/unseating torque was bounding and that no
further extrapolation to design-basis conditions was needed. However, the
hydrodynamic torque should be extrapolated before making a comparison to the
measured seating/unseating torque. The licensee will need to complete these
extrapolations and reassess the adequacy of the vendor’s (or TMI's internal)
calculations.
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The licensee’s post-maintenance requirements are contained in Corrective
Maintenance Procedure 1410-V-10, "Gate, Globe, and Needle Valve Maintenance,”
Rev. 29, dated June 6, 1996. The inspectors noted that this procedure did not
clearly indicate when dynamic test conditions would be considered for a post-
maintenance test requirement. Licensee personnel stated that they would clarify
their procedures to indicate when dynamic testing would be considered.

Conclusions

Several deficiencies were identified with the MOV thrust calculations and test data
differential pressure extrapolations. Other weaknesses were identified in the
methods used to verify test margins for dynamically-tested valves and procedure for
establishing post-maintenance test criteria. The inspectors concluded that
additional attention is required to improve the current GL 89-10 program prior to
program closure.

GL 89-10 Program Scope
Inspection Scope

The inspectors reviewed the licensee’s technical bases for removing the main steam
isolation valves, turbine bypass line, and steam bypass to the condenser isolation
valves, and the emergency feedwater turbine steam supply isolation valves from the
GL 89-10 program.

Observations and Findings
lati V1

The Generic Letter 89-10 program description, Table 1, "Selection of Valves For GL
89-10 Program,” states that the safety function of the MSIVs is only the check
valve function. The licensee concluded that the motor operator does not perform a
safety function. The licensee’'s MOV engineers stated that the MSIVs are not
credited in UFSAR accident analyses for isolating a faulted steam generator due to
the small steam generator secondary side water inventory, the magnitude of the
blowdown, and the relatively slow valve stroke time.

The inspectors noted that the licensee’s basis for exclusion of the MSIVs from the
MOV program did not address how the "tight-closing” containment isolation
function is performed without the assistance of the motor-operator; nor does it
consider the apparent licensing basis function to close against saturated steam.
Therefore, the inspectors concluded that these valves may belong within the scope
of the GL 89-10 program.
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The UFSAR Table 10.3-1, states that the MS-V2 isolation valves have an
approximate closure time of one minute against a maximum differential pressure of
1000 psid. However, the licensee’s Generic Letter 89-10 program description
states that their safety function is to close against approximately 51 psid and
provide containment isclation following a main steamline break in the reactor
building. These valves would not likely close against a differential pressure greater
than approximately 500 psid.

The licensee's GL 89-10 program description indicates that valves MS-VBA/B,
located downstream of MS-V2A/B, are not included in the GL 89-10 program.
Valves MS-VBA/B are normally maintained in their required (open) position, but the
operator does not provide an active safety function; the licensee has excluded the
8A/B valves by reliance, instead, on the upstream 2A/B valves. The inspectors
concluded that these safety-related valves are the class boundary between
nonsafety grade (and nonseismic) main steam line piping and may belong within the
scope of the GL 89-10 program.

The Generic Letter 89-10 program description provided a justification for removal of
the EFW supply isolation valves from the GL 89-10 program, stating that: (a)
automatic start of the EFW turbine is initiated by opening valves MS-V13A/B; (b)
flow-through valve MS-V13 is adequate at hot shutdown, which is the ESW design
basis for TMI-1; (c) valves MS-V10A/B are available during cooldown, when steam
pressure is reduced to the point that MS-V13A/B no longer provides sufficient
steam flow, and (d) a diverse motor-operated EFW pump will provide required flow,
or MS-V10A/B could be manually opened.

nclusion

The inspectors concluded that the licensee did not thoroughly document the
technical bases for removing these valves from the GL 89-10 program. in addition,
the inspectors considered that the licensee’s justifications may have constituted
changes in the design basis of TMI-1 that were not evaluated by the licensee per 10
CFR 50.59. This matter is unresolved pending additional NRC review of the design
basis of the main steam valves (URI 289/96-05-02).

TMI Response to the Arkansas One Unit 1 OTSG Blowdown
Inspection Scope (37551)

The inspectors reviewed the TMI response to the Arkansas Nuclear One (ANO) Unit
1 once through steam generator (OTSG) dryout event. The ANO-1 event included a
stuck open main steam safety relief valve that did not re-close when steam pressure
returned to normal because of a valve cotter pin and release nut that were too close
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to the valve top lever. The stuck open valve resulted in the loss of the OTSG steam
and water inventory. The review included the TMI response to previous OTSG
dryout events, emergency operating procedures (EOPs) related to refilling a dry
OTSG, plant walkdown of the TMI safety relief valves, and discussions with the
OTsG system engineer and control room operators,

rvati nd Findi

The inspectors noted that the responsible engineer was very knowledgeable about
the ANO-1 safety concerns and understood how they related to the TMI OTSG
safety relief valves. The engineer inspected the TMI main steam safety relief
valves, prior to the inspectors review, to verify that the cotter pin was properly
installed and to ensure that the release nut had at least a 1/16 inch clearance above
the valve top lever. The TMI steam relief valves are Dresser valves that are
identical to the ANO-1 safety relief valves. The engineer’s examination confirmed
that the TMI safety relief valves met the 1/16 inch vendor recommended clearance
and the cotter pins were installed properly on the release nut.

The residents performed an independent walkdown to verify the physical
arrangement of the cotter pins and release nuts on the safety relief valves. The
inspection confirmed that the TN.! safety relief valves had more than the minimum
required clearance between the re'ease nut and top lever. In fact, all valves
inspected had at least one to two .~.ches of clearance and the cotter pin was
properly installed to ensure the relecse nut would not vibrate down if the valve
lifted. The inspectors also verified that TMI had taken actions in 1984 in response
to a similar problem at Davis Besse.

A second area reviewed for the ANO-1 event was the EOPs available to the
operators for re-filling a dry OTSG. The inspectors discussed the ANO-1 event with
the control room operators, the operators were very knowledgeable of the ANO-1
and Oconee events related to the dryout and subsequent refilling of the OTSG. The
operators were very familiar with the applicable EOPs and knew exactly how to refill
a dry OTSG. The procedures provided the preferred water make-up source for a dry
OTSG, main feedwater (MFW) with steam pre-heating, or emergency feedwater if
MFW was not availabie. The procedure contained excellent caution statements
describing the OTSG tubesheet and shell temperature limitations and associated
heatup limits. In addition, the procedure provided a clear definition of the
indications a CRO would use to determine if a generator had reached a dryout
condition.

Conclusions

The TMI engineering and operations response to the Arkansas Nuclear One OTSG
dryout and stuck open safety relief valve event was comprehensive, thorough, and
displayed a strong initiative to address generic safety issues at other plants in order
to reduce the potential for a similar impact at TMI.
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E8 Miscellaneous Engineering Issues (92903)

E8.1 (Closed) Unresolved Item 50-289/94-12-01:

The NRC Inspection Report 94-12 (URI 50-289/94-12-01) iaentified several concerns
related to TMI's use of best-fit-straight-line calibrations with their VOTES diagr.ostic
system. In response to this concern, TMI initiated Engineering Evaluation Request EER-94-
0325, "VOTES Data Re-analysis,” on October 6, 1994, This evaluation reviewed all of
TMI’'s VOTES test data and utilized the vendor recommendations contained in Liberty
Technologies’ Customer Bulletin (CSB) 032, which provided the methods for applying a
curve fit calibration to existing test data. Engineering Evaluation Request (EER) 94-0325
determined that operation of FW-V-92A/B should be restricted to 100 cycles because the
application of curve fit calibrations increased the diagnostic inaccuracy to the extent that
the measured peak thrust values exceeded 120% of the published actuator thrust ratings
for these MOVs. All other reviewed MOVs were found to have acceptable torque switch
settings. The Engineering Evaluation Request EER-94-0325 recommended that actuator
inspections be performed and that torque switch settings be adjusted for FW-V-92A/B
during the next plant outage. The inspectors reviewed September 1995 work requests
that documented completion of the actuator inspection activities, including adjustment of
the torque switch settings for FW-V-92A/B and confirmatory diagnostic tests. Based on
review of this informetion, this unresolved issue was considered closed.

IV. Plant Support
R5 Staff Training and Qualification for RP&C, Security and Chemistry/Radwaste
(71780)
R5.1 r | Self-Checking Traini
a. n ion

The inspectors observed the radiological controls, security and chemistry/radwaste
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