NUREG/CR-5141

Aging and Qualification Research
on Solenoid Operated Valves

M

Prepared by V. P. Bacanskas, G. J. Toman, S. P. Carfagno

Franklin Research Center

Prepared for
U.S. Nuclear Regulatory
Commission -




NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party’s use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE
Availability of Reference Materials Cited in NRC Publications
Most documents cited in NRC publications will be available from one of the following sources:

1. Tne NRC Public Document Room, 1717 H Street, J.W.
Washington, DC 20555

2. The Superintendent of Documents, U.S. Government Printing Oftice, Post Office Box 37082,
Washington, DC 20013-7082

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that 1b||ows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available iar inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspectior
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regufatory Commission Issusnces.

Documents available from the National! Technical information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include ali open literature items,
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written
request to the Division of Information Support Services, Distribution Section, U.S. Nuclear
Regulatory Commission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadway, New York, NY 10018,




NUREG/CR-5141
RV

Aging and Qualification Research
on Solenoid Operated Valves

Manuscript Completed: Apri! 1988
Date Published: August 1988

Prepared by
V. P. Bacanskas, G. J. Toman, S. P. Cerfagno

‘Franklin Research Center
- Valley Forge Corporate Center
2600 Monroe Bivd.
Norristown, PA 19403

Under Contract to:
Oak Ridge Nationa! Laboratory
Qak Ridge, TN 37831

Prepared for

Division of Engineering

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC 20555

NRC FIN B0828



ABSTRACT

A research program was conducted on the aging and qualification of solenoid
operated valves (SOVs) used in nuclear power generating stations. Tests were
conducted on three~-way, direct acting SOVs, manufactured by Automatic Switch
Co. (ASCO) and Valcor Engineering .orp. Some SOVs had been aged naturally
through service in nuclear power plants and others were subjected to accelera-
ted aging. Thermal aging was conducted both with air and nitrogen as the
process gas. Operational aging was simulated by putting the specimens through
operational cycles at intervals during the accelerated thermal aging, with the
environmental temperature controlled at a level representative of service
conditions. The program also included simulation of a design basis event
(DBE), that consisted of DBE gamma irradiation and a 30-d main steam line
break/loss of coolant accident (MSLB/LOCA) simulation. After each major
segment of the test program (aging, irradiation, and MSLB/LOCA simulation),
some of the valve specimens were subjected to operational testing, then dis-
assembled for inspection of all parts and measurement of physical properties
(Shore A durometer hardness., elongation at break, and relaxation after com-
pression) of the elastomeric parts.

Performance of the ASCO SOVs was affected in the early stages of the program
by an organic deposit of undetermined origin at a metal-to-metal interface.
Removal of the deposit eliminated the .problem; however, it was not possible to
identify the source of the deposit within the constraints of time and money
available to the program. Following DBE irradiation, some ASCO SOVs experi-
enced slight leakage. A naturally aged ASCO SOV with Buna N seals and a new
ASCO SOV, with EPDM seals, that was subjected to accelerated aging with nitro-
gen as the process gas, were the only ones to go through the entire test
program without any failures to transfer or any significant leakage. The
naturally aged ASCO SOV with EPDM seals began to malfunction 21 h after the
start of the second transient of the MSLB/LOCA simulation.

Valcor SOVs suffered from sticking of the shaft seal O-rings, which made it
impossible to complete accelerated thermal aging. Repeated tests and changes
in test procedures failed to alter this situation even though the accelerated
thermal aging of the Valcor SOVs complied with stress limits identified by the
manufacturer. It is possible that the stresses of accelerated aging produced
effects not representative of service aging. Seal deterioration in the Valcor
SOVs caused leakage and delays in transferring following DBE irradiation. The
naturally aged Valcor SOV performed satisfactorily during the first high-
temperature portion of the MSLB/LOCA profile, but malfunctioned during most of
the rest of the test. The new Valcor SOV that had not been subjected to aging
transferred properly throughout the DBE simulation, but had high leakage
starting about 8 h after the start of the second transient of the MSLB/LOCA
simulation.

Deterioration of the elastomeric parts of the ASCO SOVs did not appear to be
sufficient to account for the observed failures to transfer, which evidently
were caused by coil deterioration. Elastomeric parts of Valcor SOVs, both the
naturally aged SOV and the one that had not been aged, experienced substantial
deterioration.
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SUMMARY *

An aging and qualification research program was conducted at Franklin Research
Center (FRC) on solenoid operated valves (SOVs) to investigate their
performance under normal and accident conditions in a nuclear power generating
station. The major segments of the aging and accident test sequence were:
thermal and operational aging, gamma irradiation to the equivalent of an
accident dose, and main-steam-line-break/loss-of-coolant accident (MSLE/LOCA)
simulation. The effects of the use of air versus nitrogen as the process
medium during accelerated aging and the effects of natural (in-service) versus
accelerated aging were investigated. The program was initiated with enough
valve specimens so that specimens could be removed for functional testing.
disassembly, and measurement of camponent properties after each major segment
of the program.

Three-way, direct-acting ASCO and Valcor SOVs removed from actual service in
two nuclear power plants were made available as naturally aged specimens for
the research program. New valves of the same type were purchased for use in
producing specimens sub;ected to accelerated aging.

The valve specxmens were divided into four groups based on their removal after
each test segment: (I) new, unaged reference specimens, (II) natural and
accelerated aging only, (III) aging plus irradiation, and (IV) aging plus
irradiation plus MSLB/LOCA simulation. Groups I, II, III, and IV initially
included specimens representing both manufacturers. The ASCO specimens
included two sets of naturally aged SOVs (removed from the Ft. Calhoun plant
after 1.5 and 8 years service) and new SOVs subjected to accelerated thermal
aging using air or nitrogen as the process medium. The Valcor specimens
included new SOVs and naturally aged SOVs removed from the McGuire plant after
5 years of service. No Valcor SOVs subjected to accelerated aging were
included in the design basis event (DBE) simulation (irradiation plus
MSLB/LOCA), because all efforts at accelerated aging of the Valcor SOVs
resulted in their failure to transfer.

The accelerated thermal aging of the new ASCO SOVs was intended to simulate 4
years of energized service in an environment at 140°F (60°C). The thermal
aging conditions were calculated on the basis of the activation energy of the
critical components, the temperature distribution in the SOV when energized,
‘and the assumption that the components were in contact with air. The same
aging temperatures were used for the specimens in which nitrogen was the
process medium as for the specimens with air as the process medium. After the
program was completed, ASCO informed FRC that it had performed more recent
calibration experiments in essentially still air and observed much higher seat
and coil temperatures than those observed by FRC in calibration experiments
with air circulation through the oven. Using the more recent, higher ASCO
temperatures gave the aging equivalent of 1 year of service for the critical
elastomeric components and negligible aging for the coils. The actual in-
plant conditions vary by location, and range from strong air flow past the
valves in pipe tunnels to relatively stagnant air in open regions of
containment.

*The rationale for the elements of the test program is given in the test plan,
revised January 1987, which is included as Appendix A of this report.
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Accelerated aging of the Valcor SOVs was intended to simulate 5 years of
energized service at 140°F (60°C)}. However, the SOVs failed to operate early
during the accelerated aging exposure. Failure analysis indicated that the
shaft seal O-ring is more critical than the lower seal O-ring, which had
previously been assumed to be the most critical component. The thermal aging
procedure was modified accordingly., and additional changes in test procedures
ware made with the intention of eliminating any possible unrepresentative
overstressing of Valcor SOVs while retaining the equivalence of 5 years of
thermal aging. In spite of such changes in the procedures, the Valcor SOVs
failed to operate during two additicnal attempts at artificial thermal aging.
Due to limitations of funding and time the program was continued with Valcor
SOV specimens that had not been through accelerated thermal agirng.
Disassembly and inspection of the failed SOVs revealed that the shaft seal
O-rings were hard and had started to become powdery and were disintegrating.
The upper O-ring on the seal assembly was severely deteriorated and adhered to
the seat.

The accelerated aging sequence also included operational cycling: 2000 cycles
were conducted on the ASCO SOVs, and it had been planned to conduct 2500
cycles on the Valcor SOVs. The cycling was done in increments of 500 cycles
following the completion of each 25% increment of thermal aging. As mentioned
above, the Valcor SOVs failed to cperate during accelerated thermal aging;
hence, only new (unaged) and naturally aged Valcor SOVs were put through the
DBE simulation {(irradiatien plus MSLB/LOCA).

The ASCO SOVe failed to transfer when approximately one-fourth of the
accelerated thermal aging had been completed and it was time to perform the
first increment of 500 operational cycles. Examination of all six new ASCO
SOVs undergoing accelerated thermal aging revealed an organic deposit at the
metal-to-metal interface between the solenoid base subassembly and the top of
the core assembly. The deposit appeared to have acted as a sticky substance
that prevented transfer.® After it was cleaned away and the SOVs were
reassembled, the ASCO SOVs went through the remainder of the thermal aging and
operational cycling without further difficulty.

The organic deposit was also found in the naturally aged ASCO SQVs (6096-6,
-7, and -8) obtained from the Ft. Calhoun plant, when they were examined after
receipt at FRC:; and these SOVs were likewise cleaned of the deposit before use
in the test program. The sticky deposit may be due to an organic compound
introduced during valve assembly; but a detailed analysis (e.g.. using IR
techniques) and final determination of the source of the deposit was not
possible within the budgetary restraints of the program.

*Sticking solenoid valves have been reported at several nuclear power
generating stations (NPGSs), but the exact cause is uncertain. Recent
investigation of one such event by a utility attributed the cause to a
silicone fluid applied to the core face when the valves are assembled.
However, ASCO has reported that the silicone fluid was not applied to the
SOVs used in this research program.
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The SOVs in groups III and IV were subjected to 200 Mrd (2000 kGy) of gamma
radiation to simulate the DBE dose. Because of the relatively short service
lives of the SOVs and the low actual plant dose rates (see Table 2), the dose
attributable to radiation aging was considered negligible; therefore, the SOVs
were exposed only to the equivalent of a DBE radiation dose.

The high temperature portion of the MSLB/LOCA profile included a transient
rise and a 3-min dwell at 420°F (216°C), a 6-min dwell at 365°F (185°C), and a
3-h dwell at 350°F (177°C). This high temperature portion was conducted
twice, after which the temperature was reduced in steps during the course of

1 d to 2B0°F (138°C), where it was maintained for 3 d. The test was concluded .
by a 26-d dwell at 200°F (93°C), for a total test duration of 30 d. A
chemical spray was applied to the specimens for 25 h, encompassing the 19-h
dwell at 312°F (156°C) and the first few hours of the dwell at 280°F (138°C).
Superheated steam conditions existed during approxzmately the first 13 min of
the two high temperature portions of the profxle, i.e., during the dwells at
420°F (216°C) and 365°F (185°C).

During the MSLB/LOCA simulation. the SOVs were normally deenergized; they were
energized at various intervals to check their functional capability. They
were also energized for 2 h after the start of the chemical spray to simulate
applications in which SOVs are used in containment environment sampling
systems,

The new, unaged ASCO reference SOV (6096-16) functioned satisfactorily.
However, the new, unaged Valcor reference SOV (6096-25) experienced a 5-s
delay to transfer during the initial energization, and it experienced similar
delays thereafter. Another new Valcor SOV (6096-26) also experienced problems
when tested prior to attempts to conduct accelerated aging. It had transfer
delays of 2 to 8 s and considerable leakage.

Most of the naturally aged SOVs obtained from the nuclear power generating
stations functioned satisfactorily when tested after receipt at FRC, i.e.,
there was no notable degradation as a consequence of their service in the
nuclear plants. One exception was Valcor SOV 6096-21, which failed to
transfer during the first attempt after receipt but transferred properly
during a second try. .

Except for minor leakage, all ASCO SOVs also functioned satisfactorily after
exposure to the 200 Mrd (2000 kGy) of gamma radiation simulating an accident.
A naturally aged ASCO SOV (6096-2) exhibited some leakage during the first .
energization following irradiation, but it did not leak during subseguent
energizations. The ASCO SOV (6096-10) which had been subjected to
accelerated aging with air as the process medium also had slight leakage after
irradiation. The new Valcor SOVs 6096-26 and -27, which had no aging,
experienced delays in transfer following irradiation; in addition Valcor SOV
6096-26 leaked during the transfer period. Naturally aged Valcor SOV 6096-21
transferred slowly after irradiation. '

Performance during the MSLB/LOCA sirulation varied considerably among the

specimens. The naturally aged ASCO SOV (6096-3), that had been in service at
the Ft. Calhoun plant, and the new ASCO SOV (6096-14) subjected to accelerated
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aging with nitrogen as the process gas were the only two valves that went
through the entire test sequence with no failure to transfer and no
significant leakage. The naturally aged ASCO SOV (6096-8) operated
satisfactorily until 21 h after the start of the second MSLB/LOCA transient,
when it failed to transfer, probably as a consequence of what appeared by
circuit test to be an open coil. It continued to fail to transfer until the
10th day of the LOCA test, when the open circuit was evidently bridged; and it
transferred satisfactorily throughout the remainder of the test. However, it
again failed to operate during functional testing following the MSLB/LOCA
test. The new ASCO SOV (6096-15) subjected to artificial accelerated aging,
with air as the process medium, failed to transfer between approximately 8 h
and 99 h after the start of the second MSLB/LOCA transient.

The naturally aged Valcor SOV (6096-21) transferred properly during the first
MSLB/LOCA transient and high-temperature dwell, but it did not perform
satisfactorily during most of the rest of the test. The new Valcor SOV
(6096-26) that had no aging transferred properly throughout the test, but it
had high leakage beginning about 8 h after the start of the second MSLB/LOCA
transient.

Shore A durometer, elongation at break, and compression/relaxation properties
were measured on elastomeric parts (0-rings and core discs) removed from the
SOVs in the new state, and after natural aging, accelerated aging,
irradiation, and MSLB/LOCA simulation. The properties of the elastomeric
parts were found to be affected significantly by each of the test exposures.
For those elastomeric parts of the SOVs exposed to the process medium, more
deterioration occurred when air was used as the process medium than with
nitrogen.

Accelerated aging in air using the Arrhenius equation correlated poorly with
natural aging of EPDM materials. The accelerated aging appeared to lead to
much greater degradation than natural aging in the plant.

Based on disassembly and inspection of the ASCO SOVs after testing, the
deterioration of the elastomeric parts {particularly the static seals) of the
ASCO SOVs did not appear to be sufficient to account for the failure of some
of them to transfer. The failure to transfer early during thermal aging was
caused by an organic deposit of unknown origin at a metal-to-metal interface.
Failures to transfer during the MSLB/LOCA simulation were probably caused by
coil failures.

Disassembly and inspection of the two Valcor SOVs after MSLB/LOCA simulation
revealed substantial deterioration of the elastomeric components. The shaft
seal O-ring of the naturally aged Valcor SOV (6096-21) had deteriorated and
coated the shaft and guide tube, causing them to bind. In addition, it was
confirmed that the coil had shorted. The seal assembly O-ring of the new
Valcor SOV 6096-26, which had not been aged, had become fragmented during the
MSLB/LOCA simulation; this is believed to have prevented proper closure and
caused excessive leakage.
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1. INTRODUCTION

1.1 Objectives

The objectives of the réseatch program were to:

1. Identify the incremental deterioration of elastomeric materials
contained in solenoid operated valves (SOVs) due to thermal and
operational aging, accident irradiation, and exposure to a
main-gteam-line-break/loss-of ~coolant-accident MSLB/LOCA.

2. Compare the material propérty changes caused by natural and
accelerated aging.

3.'Cbmpare the changes in material properties and functional capability
caused by accelerated aging with air and nitrogen as the process media.

1.2 Background

This research program was a follow-on to an earlier program conducted by
Franklin Research Center (FRC) for the Nuclear Regulatory Commission (NRC) on
SOVg, the results of which are documented in Reference 1. The earlier test
program included thermal, operational, radiation, and vibration aging as well
as seismic testing, design basis event radiation, and an exposure to 2
simulated main-stream-line-break/loss-of-coolant accident (MSLB/LOCA} SOVs
aged by accelerated technigues and others that were aged in real time by the
manufacturer were included in the program. A failure analysis was conducted
at the conclusion of the test program to identify the types of degradation
that had occurred.

The main observation of the earlier program was that, sooner or later during
the testing seguence, degradation resulted in high leakage. In spite of
evidence that the coils became flooded during the MSLB/LOCA simulation, their
performance was essentially satisfactory except when failure of other parts of
an SOV led to coil burnout. The types of degradation observed could not be
correlated conclusively with the effects of the several segments of the test
program, because disassembly and examination of the specimens were performed
only after the entire test program had been completed (i.e., not after each -
test segment). The comparison of accelerated and real-time thermal aging was
limited by differences in the process medium (air and nitrogen) used during
the aging simulation and differences in the model lines of the two sets of
specimens.

Certain elements of the earlier test program, particularly valve cycling at
the accelerated aging temperature, were judged to be excessively severe;
therefore, SOV failure during the research program did not necessarily imply
unacceptability for use in safety systems.* However, the picture was clouded

*The cycling at accelerated aging temperature had been included in the
program in accordance with its initial objective, which was to verify the
manufacturer's qualification program. Consequently, the program raised a
question concerning the reasonableness of the requirement for such cycling
in IEEE Std 382, which the manufacturer had followed in its qualification
program.



by the fact that a naturally aged specimen, which had not been subjected to
cycling at high temperatures, also failed during the program.

The program documented in this report was developed to apply the lessons
learned during the earlier program and meet the objectives listed in Section 1l.1.
The test plan is provided in Appendix A.

The project was performed under contract to Martin Marietta Energy Systems,
Inc., operator of Oak Ridge National Laboratory (ORNL), for the Nuclear Plant
Aging Research (NPAR) Program, which is sponsored by the Office of Nuclear
Regulatory Research (RES) of the U.S. Nuclear Regulatory Commission (NRC).
The NPAR program plan is detailed in NUREG-1144 {2].%*

*Numbers in brackets refer to citations listed in Section 9.



2. SUMMARY OF TEST PROGRAM

The specimens consisted of three-way, direct acting SOVs manufactured by ASCO
and Valcor. Some specimens of both manufacturers had been removed from
service in nuclear power plants, and others were new specimens.

The basic elements of the test program consisted of accelerated aging (thermal
aging and operational cycling), gamma irradiation, and simulation of a
main-steam-line-break/loss-of-coolant-accident (MSLB/LOCA). The specimens
that were removed from service were not subjected to thermal aging. In
separate sets of specimens, the accelerated thermal aging of the new ASCO SOVs
was conducted using air and nitrogen as the process gas. 2Accelerated thermal
aging of the new Valcor SOVs was conducted only with air as the process
medium; however, as explained in Section 6, all Valcor SOVs subjected to
accelerated thermal aging failed. -

The specimens were divided into four groups (see Section 3.4) to permit
functional testing, disassembly, and testing of parts after each major element
of the test program. The following table defines the groups:

Group I: ‘reference specimens

Group II: aging
S - mnatural (in-service) or
— accelerated, thermal aging plus operational cycling

Group III: aging (as in Group II) plus gamma irradiation

Group 1IV: aging and gamma irradiation (as in Group III) plus MSLB/LOCA
gimulation.

The aging of ASCO SOVs was equivalent to 4 y* of service life, and that of the
Valcor SOVs was intended to be equivalent to 5 y of service life. The 2000
operational cycles were conducted on ASCO SOVs, at 140°F (60°C), in increments
of 500 cycles at the end of each 1/4-y equivalent of thermal aging. Because
of the failure of Valcor SOVs during the thermal aging, there was no cycling
of the Valcor SOVs. The naturally aged SOVs were not subjected to any
additional accelerated aging or cycling.

Radiation aging was omitted as a separate step because it was considered to
have negligible effect. The largest radiation dose that had been received by
any of the naturally aged valves was only 1.5 x 106 rd, over a S5-year

service life, and this dose was considered negligible when compared to the DBE
dose. Therefore, no radiation aging of the SOVs was performed. Radiation
aging may be regarded as having been combined with the much larger DBE

*As discussed in Section 6.4, the equivalent service life simulated by the
accelerated aging program depends on the ambient air temperature and flow rate
in the vicinity of the installed SOVs. Four years applies to a location
(such as the pipe tunnel) where air flow produces convective heat transfer
from an energized SOV. Where the ambient air is stagnant and the air
temperature is 140°F (60°C), the accelerated thermal aging was equivalent to
1 y of service life.



irradiation, but there was no functional testing following what would have
been the aging dose.

No vibration aging or seismic testing was conducted, because no effect of such
testing could be discerned in the predecessor research program [1].

The DBE simulation included exposure to 200 Mrd of gamma radiation, which
enveloped the calculated DBE dose of all the plants included in a survey of
nuclear plant service conditions. The MSLB/LOCA simulation was of 30-d
duration. The initial, high-temperature portion of ths profile, which was of
S5-h duration and included a peak temperature of 420°F (216°C), was conducted
twice. A chemical solution was sprayed onto the specimens, beginning 6 h
after the start of the second transient to peak temperature and lasting for 1
d. The SOVs were deenergized throughout the MSLB/LOCA simulation., except at
intervals when they were cycled for operational testing.

Specimens in Groups II, III, and IV were subjected to functional tests after
completion of the test sequences listed above; they were then disassembled and
inspected, and measurements of several physical properties were made on
O-rings and core discs. The functional tests consisted of operational
testing, leakage testing, insulation resistance measurement, and a high-
potential-withstand test, as described in Section 8 of Appendix A. Physical
property measurements made on the elastomeric parts of the SOVs, after they
were disassembled and inspected, consisted of Shore durometer measurements and
tensile testing of O-rings and compression testing of the ASCO core discs and
the lower seats of the Valcor SOVs.



3. DESCRIPTION OF TEST SPECIMENS

3.1 Selection of Test Specimens

The selection of specimens to be included in the research program was
determined by the prevalence of Automatic Switch Company (ASCO) and Valcor
Engineering Corporation SOVs in safety-related applications at operating
nuclear power plants. The choice of particular models was dictated primarily
by the requirement they be of the same type as the naturally aged SOVs made
available by utilities that had removed them from service at the end of their
gualified life.

To obtain naturally aged SOVs, approximately 25 nuclear power plants were
contacted, two of which were able to provide SOVs for the program. Descrip-
tions of the naturally aged SOVs and their service histories are discussed in
_the paragraphs that follow. A summary description of all the test specmens
is provided in Table 1, and the service higtory of the naturally aged SOVs is
summarized in Table 2.

3.2 ASCO Solenoid Operated Valves

Two types of ASCO SOVs were obtained from Omaha Public Power District's Ft.
Calhoun Station. Ten ASCO SOVs that are not environmentally qualified for
Class 1E service were received. These ten SOVs were three-way, direct-acting
SOVs, ASCO Model No. HXT831429. They were removed from the Ft. Calhoun plant
after approximately 8 yearz of continuously energized service, due to lack of
qualification documentation.

The Ft. Calhoun plant also provided an additional ten ASCO SOVs, which were
environmentally qualified for Class 1lE service. These SOVs are Model No.
NP8314C29E and are also three-way, direct-acting SOVs. The NP8314 SOVs were
used to replace the HTX8314 SOVs discussed previously. The NP8314 SOVs had
been in continuously energized service approximately 18 months and were
removed from service as a result of failures of similar ASCO SOVs. The
failures were caused by sticking of the SOV core assembly to its plug nut.

FRC procured nine new NP8314C29E SOVs from ASCO, one to use as a reference and
the others for accelerated aging. An exploded view of the NP8314 SOV is shown
in Figure 1.*

A description of each of the ASCO SOVs is included in Table 1, and the service
history of the naturally aged SOVs is summarized in Table 2.

3.3 Valcor Solenoid Operated Valves

Duke Power Company supplied seven Valcor three-way, direct-acting, Model No.
V-70900-21-3 SOVs removed from the McGuire Nuclear Station at the end of their
S-year qualified life. The service life of these SOVs consisted of 2 years of
preoperational testing and 3 years of continuously energized service during
power plant operation.

*2A gimilar view of the ASCO SOV Model No. HXT831429 was not available.



Table 1. Description of Test Specimens and Related Data

Valve Description
FRC Normail Application Valve Pipe Max imum Test
Ident. Manu- Hodel Serial Voltage Enclosure and Seating Size Pres§u5e Pres§u5e
Nymber facturer _Number = Nuymber — _(Vdc} Operation Material {in} 1 (b/in%}
6096-1  ASCO HTX831429 527587 125 4,7 Normally closed, Buna "N 1/4 60 60
3-way construction and Nylon
6096-2  ASCO HTX831429 532907 125 4,7 Normally closed, Buna "N" 174 60 60
3-way construction and Nylon
6093~3  ASCO HTX831429 532917 125 4,7 Normally closed, Buna "N" 1/4 60 60
3-way construction and Nylen
6096-4  ASCO HTX831429 53291T 125 4,7 Normally closed, Buna “N" 174 60 60
3-way construction and Nylon
6096-5  ASCO NP8314C29E  05467K-36 125 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6090-6  ASCO NPB314C29E  05467K-32 125 3,4,7,9 Normally closed, Combination 174 60 60
3-way construction metal and
ethylene propylene
60%-7  ASCO NP8314C29E  05467K~37 125 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-8  ASCO NPB314C29E  05467K-44 125 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-9  ASCO NP8314C29E  20884(R-8) 125 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-10 ASCD NP8314C29E  20884R(4) 125 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-11 ASCO NP8314C29E  20884R(7) 128 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-12 ASCO NPE8314C29E  20884R(5) 125 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-13 ASCO NP8314C29E  20884R(6) 128 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and

ethylene propylene -
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FRC
Ident.
Number

6096-14
6096-15
6096-16
6096-17

6096-18
6096-19
6096-20
6096-21
6096-22
6096-23
6096-24
6096-25
6096-26

6096-27

Manu-

ASCO

ASCO

ASCO

ASCO

Valcor
Valcor
Valcor
Valcor
valcor
valcor
Valcor
Valcor
Valcor

Valcor

Model
Mumber

NP8314C29E

NPB8314C29E

NP8314C29E

NP8.114C29E

v0/900-21-3
v07900-21-3
v07900-21-3
v07900-21~3
v07900-21-3
v07900-21~3
v07900-21-3
v07900-21-3
v07900-21-3

v07900-21-3

Serial
Humber

20884R(2)

20884R(1)

20884R(3)

20884R(9)

- 258

45

128

201

1596

1597

1598

1599

1600

1601

Table V.,

Normal

Voltage
{vde)

125

125

125

125

125

125

125

125

125

125

125

125

125

125

Description of Test Specimens and Related Data (Cont.)

Enclosure

3,4,7,9

3,4,7,9

3,4,7.9

3'4.7.9

lve O
Application
and

Operation.

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way coanstruction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
I-way canstruction

Normally closed,
3-way construction

Normally closed
3-way construction

Normally closed,
3-way construction

Valve
Seating

Combination
metal and
ethylene propylene

Combination

metal and

ethylene propylene
Combination

metal and

ethylene propylene
Combination

metal and

ethylene propylene

EPR
EPR
EPR
EPR

EPR

- EPR

EPR

EPR

EPR

EPR

Pipe Maximum
sze Pressu
hm Mn.
1/4 60
1/4 60
1/4 60
1/4 60
1/2 150
1/2 150
172 150
172 150
1/2 150
1/2 150
172 150
172 150
1/2 150
1/2 150

3

Test
Pres§u5e
1

60

60

60

60

100

100

100

100

100

100

100

100

100

100




FRC
Ident.
Number

6096-1
6096-2
6096-3
6096-4
6096-5
6096-6
6096-7
6096-8
6096-18
6096-19
6096-20
6096-21

Manu-

ASCO
ASCO
ASCO
ASCO
ASCO
ASCO
ASCO
ASCO
valcor
valcor
Valcor

valcor

Table 2.
Serial
Model Number  Number
HTX831429 527587
HTX831429 532907
HTX831429 532917
HTX831429 532917
NP8314C29E 05467K-36
NP8314C29€ 05467K~32
NP8314C29E 05467K-37
NPB8314C29E 05467K-44
v-70900-21-3 258
V-70900-21-3 45
v-70900-21-3 128
vV-70900-21-3 201

a. Approximate age; exact age not known.
b. The valve experienced the listed radiation levels in approximately 3 years, as 2 of the 5 years

of service were during preoperational testing.

Years

of_

g{a)
gla)
g(a)
gla)

1.25°

1.25
1.25
1.25

5
5
5
5

Normal
Ambient

Temperature
o

107

90
Unknown
Unknown
107
107
107
107
100-120
100-120

100-120

100-120

Service History of Naturally Aged Valves

Radiation
Dose

Arad/h)

Unknown

Unknown

2.9

2.9
57
57

Calculated
Total
Integrated
Dose (rad}

7.0 x 104
7.0 x 104

Unknown

Unknown

1

1.

1

.1 ox 104

]
B

T A -

x

X

X

104
104
104
109 (b)
105 (b)
106 (b)
106 (b)
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FRC procured six new Valcor Model No. V-70900-21-3 SOVs, one to use as a
reference and the others for accelerated aging. A section view of the Valcor
SOV is shown in Figure 2.

A description of each of the Valcor SOVs is included in Table 1, and Table 2
provides the service history of the naturally aged SOVs.

3.4 Description of SOV Groups

To meet program objectives, the test specimens were divided into four groups.
Each of the four groups was exposed to specific segments of the test program
to allow comparison of the effects of the environmental exposurss on

the SOVs. Group I SOVs were subjected to functional testing prior to dis-
assembly, inspection, and material testing to provide baseline data on the SOV
and material performance. The testing of each of the other three groups was
terminated at different stages of the program. Group I consisted of one new
ASCO Model No. NP8314C29E SOV (6096-15) and one new Valcor Model No.
V-70900-21 SOV (6096-27). Groups II, III, and IV consisted of the samples
identified in Table 3. The naturally aged SOVs in Group II, (both ASCC and
Valcor), were examined as received from the plants.

The new ASCO SOVs put into Group II were subjected to accelerated aging
(thermal and operational) prior to disassembly and material testing.
Comparison of data for SOVs in Groups I and II was intended to reveal the
change in SOV performance and material properties caused by aging. The SOVs
in Group III1 were subjected to 200 Mrd of gamma radiation after completion of
the aging simulation. The disassembly and material testing that followed was
intended to provide information on the incremental effect of the irradiation.
The final group of SOVs, Group IV, was subjected to a 30-day MSLB/LOCA
gimulation in addition to the aging and radiation exposures. The functional
test data from Group IV, together with the post-LOCA material testing,
provided the final set of data. One set of ASCO SOVs, Model No. NP8314C29E,
was supplied with nitrogen as the process medium throughout the test so that
the effacts of the nitrogen environment on the internal organic materials
could be compared with the effects of air, which is normally used as the
process medium.

-10-
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Table 3.

— _ Group {a)/Specimen Ng,
I II IIr Iv
Aging and
Aging Irradiation
and and
Reference _Aging.  Irradiation _MSLB/LOCA  Mfy,
6096-~16 ASCO
6096-25 Valcor
6096-9 6096-10 6096-15 ASCO
6096-12 6096-13 6096-14 ASCO
60966 6096-7 6096-8 ASCO
6096-1(e) 6096-2 6096-3(e) ASCO
(d) 6096-27{c) 6096-26(c) Valcor
6096-19 6096-20 6096-21 Valcor
a. Test sequences:
Group II = aging
Group III = aging + irradiation

(20N -2

Test Specimen Groups

Model Mo,
NF8314C29€E
V=-70900-21
NP3314C29E
NP8314C29E
NP8314C29E
HTX831429
V-70900-21
V-70900-21

Group IV = aging + irradiation + MSLB/LOCA simulation.

Accelerated thermal aging of the Valcor SOVs was not successful.
Valcor valves 6096-27 and 6096~26 had neither thermal aging nor the 2500 operational
SOV 6096-27 was subjected to irradiation only and SOV 6096-26 was subjected

cycles:
to irradiation and the MSLB/LOCA simulation.

Three efforts to conduct accelerated thermal agin
valve failure.

Aging
None
None
Accelerated
Accelerated
Natural

Natural

Accelerated(b)

Natural

{See Section 6.)

on Valcor SOVs all resulted in
The SOVs used were numbers 6096-22, -23, and -24.
Initially, SOV 6096-1 was placed in Group IV and SOV 6096-3 in Group II.

However,

they were interchanged because SOV 6096-1 was found to be leaking after accelerated

aging.

~12-
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4. TEST FACILITIES

4.1 Thermal Aging

Accelerated thermal aging was conducted in a forced-circulation air oven with
internal dimensions of 4 ft by 4 ft by 5 £t high (1.2 m by 1.2 m by 1.5 m).
Temperature uniformity throughout the volume occupied by test speci- mens was
within the range of +5°F (+3°C) relative to the average oven tempera- ture.
The approximate velocity of recirculated air through the oven was 250 ft/min
(76 m/min). An air-intake/air-exhaust system introduced fresh air
continuously into the recirculating &ir stream.

Figure 3 shows all the specimens mounted on the test rack, which was placed
inside the aging oven. &all specimens were mounted with the solencids at the
top of the SOVs. Some specimens were removed after thermal aging and some
specimens were removed after irradiation, leaving the specimens that were
exposed to the MSLB/LOCA simulation.

4.2 Nuclear Irradiation

The basic element of the nuclear radiation facility was a cobalt-60 source
which provided gamma radiation in an air environment. The specimens were
irradiated while mounted on the test rack shown in Figures 3 and 4. The
specimens that had been scheduled for thermal aging only were removed:; and
other specimens that were to be irradiated, but had not been on the rack for
accelerated thermal aging, were added.

The gamma irradiation was conducted by Isomedix, Inc., Parsippany, NJ.
Additional information is presented in Appendix B.

4.3 Simulated MSLB/LOCA Exposure

The test vessel used for the steam, chemical-spray, and high-humidity exposure
was a 24-in-diam by 48-in-high (0.61l-m-diam by l.2-m-high) stainless steel
vessel illustrated schematically in Figure 5. After removal of specimens that
had not been scheduled for the MSLB/LOCA simulation and detachment of the legs
and upper extensions of the test rack, it was attached to the vessel head; and
the assembly was lowered onto the test vessel, with the rack going inside the
vessel.

Steam was admitted into the vessel through a central tube of stainless steel
ghown in Figure 5. Superheated steam was obtained by passing utility-
supplied saturated steam through a moisture separator and & stored-energy heat
exchanger. The system was capable of delivering steam at a gage pressure of
approximately 100 1b/in2 (689 kPa) and a temperature of 600°F (316°C).
Saturated steam was available at a gage pressure of approximately 150 1b/in?
(1034 kPa) and a temperature of 365°F (185°C). Superheated-steam temperatures
in the test vessel were controlled by mixing the 600°F (316°C) steam with
small amounts of saturated steam prior to injection into the test vessel.

Chemical spray was provided by use of a high-pressure turbine pump and six

wide-angle, full-cone spray nozzles. The nozzles were distributed in the test
vessel to spray the SOV specimens as uniformly as possible.

-]13-
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Electric strip heaters external to the vessel and a three-element immersion
heater within the vessel provided temperature control when wvessel temperatures
of 200°F {93°C) were regquired.

The facility included instrumentation for measuring and recording temperature,
pressure, and flow rate.

4.4 Data Acquigition Instruments

A list of data acquisition instruments is provided as Appendix C.



S. ELECTRICAL CONNECTIONS

Electrical connections and interfaces to the specimens varied somewhat
throughout the program. A chronological description is provided as follows:

o Thermal Aging with Cycling

The inlet/outlet ports of the SOV bodies were equipped with appro-
priately sized NPT bushings and adapters to connect with copper
tubing. The exhaust ports of the ASCO SOVs were provided with a
copper tube having a 180° bend so that the exhaust was directed
downward and no foreign particles could enter the SOV body through the
exhaust port. The Valcor SOV exhaust ports were fitted with a 90°
street elbow so that the SOV exhaust was directed downward.

During the thermal aging simulation, the wires for the Valcor SOVs
ware routed through a 3/4-in NPT 90° street elbow so that the lead
wires were in a horizontal plane. The lead wires for the ASCO SQVs
were routed in a similar manner; however, the construction of the ASCO
SOVs results in the open ends of the 90° street elbows facing downward.

The lead wires for the SOVs were terminated with crimped spade lugs of
appropriate size and connected to terminal strips which were fastened
to the test fixture.

o Gamma Irradiation Exposure

Prior to the gamma irradiation, the electrical connections for the six
SOVs that were to be exposed to the MSLB/LOCA exposure were removaed,
and threaded condulet boxes were connected to the SOV conduit
connection. The specimen lead wires were laid in the condulet box
with any excess length protruding through the condulet box conduit
connection.

o MSLB/LOCA Exposure

Prior to the MLSB/LOCA exposure, the solenoid leads were butt-spliced
to Teflon-insulated solid conductor extension wires. The spliced
sections were covered with Raychem Thermofit WCSF-N heat-shrinkable
splices. A threaded condulet box was connected to the solenoid
housing and the leads were routed through the condulet box. The
condulet box cover was removed and a General Electric RIV silicone
compound was poured into the condulet box, filling the condulet box
from the solenoid housing (see Figure 6) to the condulet outlet. The
removable cover was then replaced.

~18-
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6. THERMAL AGING

6.1 Introduction

The thermal aging of the SOV assemblies was based on the aging required for
the weak link, i.e.., the part most likely to cause SOV failure in a
comuon-cause mode. For the ASCO SOVs, the weak link was identified as the
core disc:; and for the Valcor SOVs the weak link was initially identified as
the lower O-ring on the seal assembly. Analysis of Valcor SOV failures during
the first attempt at thermal aging led to the conclusion that the shaft seal
O-ring is the critical component; and subsequent thermal aging calculations
for Valcor SOVs were based on this conclusion.

Thermal aging calculations basad on the Arrhenius equation are summarized in
Table 4. The plan was to age ASCO SOVs to the equivalent of 4 y of
continuously energized service and the Valcor SOVs to the equivalent of 5 y of
continuously energized service. In all cases the environmental temperature in
the plant was assumed to be 140°F (60°C). Since the SOVs were assumed to be
continuously energized, it was necessary to measure experimentally the
temperature of the critical parts (coils and seals) at both the environmental
temperature, which yielded the service temperature T4 of the critical parts.
and the oven temperature, which yielded the aging temperature T, of the
critical parts.

The temperature measurements and accelerated aging were conducted in ovens
with circulating air; therefore, the service temperature of the critical parts
applies to a location where the ambient air temperature is 140°F (60°C) and
the air velocity near the SOVs is comparable to the air wvelocity in the oven.
The critical part temperature measurements were conductsed in an oven with an
interior cross section of 3 £t x 3 ft and a height of 4 ft. There was a cross
flow of air in this oven, in one direction across the lower half and in the
opposite direction in the upper half. The air velocity depended somewhat on
position within the oven and the settings of inlet and outlet dampers. At
most locations, the air motion was approximately horizontal, from side to
side. At the centerline of the oven, one-third up from the bottom the air
velocity ranged between approximately 50 and 80 ft/min: and at a point
two-thirds up from the bottom (again at the centerline) the velocity ranged
approximately between 30 and 60 ft/min. After the specimens were mounted on a
test rack, the thermal aging was conducted in a larger oven with an interior
cross section of 4 ft x 4 ft and a height of 5 ft. 1In this oven, the air flow
was in the same direction at all levels. On the centerline, one-third up from
the bottom the velocity ranged approximately between 60 and 70 ft/min, and
two—-thirds up from the bottom it ranged approximately between 100 and 120
ft/min. The air velocity was not measured at the specific locations of the
SOV specimens. In summary, the critical part temperature measurements were
made in air moving horizontally at a speed between 30 and 80 ft/min; and the
accelerated thermal aging was conducted in a similar environment with the air
speed between 60 and 120 ft/min. Since the air speed and rate of convective
heat loss from the energized SOVs were higher in the aging oven than in the
oven used for temperature measurements, the actual critical part aging
temperatures (T,) were probably somewhat lower than the values listed in

Table 4:; however, no correction was made for the difference in air flow rates
in the two ovens. Although the ratio of air speeds in the two ovens was about
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Table 4. Thermal Aging Calculations

Formila: tu/tg = exp(§/k)[(1/Ty) = (1/Tg)]

where: .
activation energy (eV)

k = Boltzmann's constant = 8.617 X 10~5 (eV/K)

ta =.accelerated aging time )any convenient unit of time, provided
t; = simylated time in service )it is same for t, and t,

Ta = aging temperature (K)

Tg = service temperature (K)

Envirommental temperature (in plant) = 140°F (60°C), excépt for calculation Na. 14,

Elastomeric parts aged in energized SOVs.

" Colls aged separately, not energized;

+Values of T and T, apply to “Part" listed in second column.
*Based on ASEO data. -
**far environmental temperature of 100°F (38°C)

Eglf. - Part ) Toven N P T, * ty ta
. (eV) ~(°F)  (°0) (°F)  (°C) (°F) (°C) {y) (h) (d)
Calculations for Valcor SOVs
1. Lower seal O-ring 0.94 230 110 190 88 275 135 S 1302 54.3
2. Coil 1.0 350 177 223 106 350 177 5 360 15.0
3. Shaft seal 0-ring 0.94 210 99 190 88 257 125 5 2568  107.0
4.  Shaft seal O-ring 0.94 215 102 190. 88 262 0 128 5 2144  89.3
' Calculations for ASCO SOVs
5. Core disc 0.94 230 116 - 181 83 210 132 4 -~ 846 35.2
6. Coil 1.0 350 177 .. 21§ 102 350 177 4 200 8.3
7. Core disc 0.94 230 10 181 83 270 132 0.146 N 1.29
: . ) : ; ‘ (1285h) o
8. ‘Core disc 0.94 215 102 181 83 255 124 : 3.8% 1424 59.3
-9, Core disc 0.94 . 215 - 102 181 83 255 . 124 4.0 1478  61.6
10. Core disc 0.94 215 102 212 100* 255 124 4 6031 251.3
1n. Core disc 0.94 : 212 100 255 124 . 0.98 1478 61.6
12. Coil 1.0 350 177 324% 162+ 350 177 4 14889 620.4
_ (1.69y)
13. Coil 1.0 0 M 324 162 - 350 177 0.0538 200 8.34
: ' (477 h) ,
14.**  Core disc 0.94 215 102 178 .81 - 255 124 4.7 1478 61.6
15.*%  (Coil 1.0 350 177 293*  145* 30 177 0.16 200 83



2, the heat transfer rate is proportional to the square root of speed for the
laminar flow conditions in the ovens; therefore, the effect of speed
differences was to produce heat transfer rates that differed by about 40%.
Since the coils used in the test specimens for radiation and MSLB/LOCA testing
were not energized during accelerated thermal aging, the oven air speed did
not affect the aging temperature.

Thermal aging was conducted on all except the naturally aged specimens in
Groups II., III, and IV, Table 3. As a consequence of problems encountered
during thermal aging, three different methods were tried on the Valcor SOVs.
However, in each case, the thermal aging produced seal degradation that
prevented satisfactory operation of the valves. After the third trial,
thermal aging of the Valcor SOVs was abandoned due to program cost and
schedule concerns.

During thermal aging of the ASCO valves, sticking was observed (see Section
6.3.2) that required cleaning the vicinity of the metal-to-metal interface (at
the top of the core assembly) prior to resumption of the thermal aging
program. Ultimately, thermal aging was completed on the ASCO SOVs.

During the preparation of plans for thermal aging the ASCO and Valcor valwves,
both companies were kept fully informed and agreed that the elevated
temperatures being used to accelerate the aging were within their prescribed
material limitations. Information provided by ASCO during final report
preparation included seat and coil temperature measurements it had recently
performed on ASCO valves in essentially stagnant air as contrasted with
measurements in this program with air circulation through the aging ovens.
ASCO measured significantly higher temperatures for the seat and coil when
energized. Using temperatures measured by ASCO in the Arrhenius equation gave
the equivalent of 1 y of thermal aging of the critical elastomeric components
and 0.05 y aging of the coils.

In a plant, there are large variations in temperaturs and air flow rate
depending on location; and the actual equivalent age is dependent not only on
the service temperature but the air flow rate as well. Section 6.4 includes a
discussion of the interpretation of the accelerated aging for various service
conditions.

6.2 Aging of Valcor SQVs*

6.2.1 Initial Procedure

The accelerated thermal aging exposure was initiated as specified in the
initial test plan [Ref. 3, p 22) in accordance with calculations 1 and 2 of
Table 4. At the selected oven temperature, the temperature of the lower seal
assembly O-ring was 275°F (135°C), which is below the limit of 300°F (149°C)
recommended by the manufacturer [5].

*A1l accelerated thermal aging calculations for Valcor SOVs apply to a
service location where the ambient air temperature is 140°F (60°C) and the
air is moving at a velocity comparable to the air velocity in the aging
oven.
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At an elapsed time of 31 h, the oven was turned off to allow determination of
the cause of high leakage in the air line connected to the SOVs. The
elastomeric components within the SOVs were allowed to c¢ool in their energized
position until 51 h elapsed time, when the SOVs were deenergized.

Two of the three Valcor SOVs (6096-22 and -23) failed to return to their
deenergized position upon deenergization of their coils. A failure analysis
showed that the failure to transfer was caused by sticking of the shaft seal
O-ring to its guide tube. Using a spare Valcor* SOV, the temperature of the
shaft seal O-ring was measured as 278°F (137°C) at the thermal aging
temperature of 230°F (110°C). The temperature measurement confirmed that the
temperature at the shaft seal O-ring had not exceeded the manufacturer's
suggested limit of 300°F (14%°C).

Further evaluation of the failure indicated that the observed failure could
have been the result of peculiarities of the accelerated thermal aging
procedure which would not occur in a plant environment. Two possible causes
were hypothesized.** The first hypothesis was that the physical and chemical
changes of the EPDM O-ring that occurred at the elevated aging temperature and
caused it to adhere to the guide tube, rather than slide in it, are different
from the changes that occur under service conditions. The second hypothesis
was that creep of the O-ring at the aging temperature under the stress of the
process pressure far exceeded the creep that could occur under the same
pressure at service temperatures. At the aging temperature (278°C [137°C]),
the O-ring tends to soften; therefore, the 150-psig process pressure would
tend to compress the O-ring between the shaft it rides on and the shaft guide
tube (see Figure 7). When the oven temperature was reduced to room temperature
with the SOV energized, the O-rirng returned to a less plxable state and
prevented movement of the shaft.

6.2.2 Review of Stresses on the Shaft Seal O-Ring

Two significant stresses were identified for the shaft seal O-rxng' thermal
and mechanical. ,

The thermal stress acting on the shaft seal O-ring during the normal service
life of the SOV is caused by the tewperature of the environment in which the
SOV is located as well as the temperature rise caused by continuous
energization of the solenoid coil. . Based on temperature~rise measurements,
the temperature of the shaft seal O-ring was estimated to be 190°F (B8°C) at a
service temperature of 140°F (60°C),

Because the shaft seal O-ring provides a dynamic seal during normal opera-
tion, it has several mechanical stresses acting on it. The shaft seal O-ring
is under compression where it contacts the guide tube on its outer diameter
-and the shaft on its inside diameter. Another mechanical stress acting on the
O-ring is caused by the pressure from the process medium acting downward on
the upper surface of the O-ring when the solenoid coil is energized (Figure 7).

*Valcor type V70800-21-3 (Ser. 120), Duke Power Co., Item No.
1210.04-00-0022; not among SOVs listed in Table 1.

**Further discussion of the possible causes of failure is included in Section
6.2'2'
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The pressure normally assists in unseating the SOV 'seats and starts the shaft
in its downward direction when the SOV is deenergized. The second stress
acting on the O-ring is related to a combination of mechanical and thermal
stresses acting on it and is a poss;hle explanation of the observed failure.
At elevated temperatures, such as those used during the thermal aging simula-
tion, the EDPM O-ring material has a tendency to soften and become more
pliable, as with most rubber products. The differential pressure across the
O-ring (150 psig) causes the O-ring to deform by wedg;ng between the shaft and
guide tube, such that a larger portion of the O—rxng is in contact with the
guide tube. If the SOV is cooled while remaining in the energized state, the
deformed O-ring becomes harder and binds the shaft in its energized position.

6.2.3 First Revision of the Valcor Aging Simulation

To allow completion of the thermal aging simulation and continuation of the
research program, the accelerated thermal aging analysis was revised in an
attempt to preclude further Valcor SOV failures that appeared to be nonrepre-
sentative of normal aging. The objective was to reduce the accelerated aging
temperature and correspondingly increase the aging time. As a result of the
observed failure mode, the shaft seal O-ring was chosen to be the critical
component, since its failure could prevent the seats from transferring from
the energized position to the deenergized position. Previously, failure of
the lower seal assembly O-ring with subsequent high leakage had been con-
sidered the critical faxlure mode.

In view of the new failure mode observed, the critical component was
identified as the shaft seal O-ring. With the knowledge that 300°F (149°C)

- was considered a limiting temperature for the O-ring material, and that the
failure of the lower O-ring seal had occurred at 278°F (137°C) during the
thermal aging simulation, the O-ring was examined for evidence of stickiness
on its surface. Since no stickiness was observed on the lower O-ring seal, it
was concluded that by keeping the temperature of the shaft seal O-ring at or
below 278°F (137°C), the tendency for the EPDM O-ring to become sticky would
be reduced..

The temperature of the Valcor shaft seal O-ring was measured (in a forced
circulation oven) at the fout ambxent temperatures listed in the followzng
table:

Ambzent Temperature R Shaft Seal 0O-Ring Temperature

L°F) (°C) _ (°F) - {°C)
125 52 " ' 175 - 79
140 60 : . 190 g8
210 99 | 257 125
230 110 278 137
230 110 {repeated) 276 136
215 ’102 (1nterpclated) . 262 ‘ 128 (1nterpolated)

The plot of O-ring temperature vs. ambxent temperature was a straight line,
which made it easy to interpolate within the range of measurements.

At a thermal aging temperature of 210°F (99°C), the temperature of the shaft

seal O-ring would be 257°F (125°C). However, a recalculation (No. 3, Table 4)
of thermal aging assuming an oven temperature of 210°F (99°C) resulted in
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approximately doubling the duration of the aging time, which was considered
too long. A second recalculation (No. 4, Table 4) assuming an oven
temperature of 215°F (102°C) yielded acceptable results. Interpolation
yvielded a temperature at the shaft seal O-ring of 262°F (128°C) at an oven
temperature of 215°F (102°C). The lowering of the shaft seal O-ring
temperature to 262°F (128°C) would also reduce the tendency for creeping,
because there would be less softening of the material at the reduced
temperature. Using a service temperature of 140°F (60°C), which gives a
temperature of 190°F (88°C) at the shaft seal O-ring, the activation energy
value (0.94 eV) identified in the test plan [3], and a service life of 5 years
(43,800 h), the calculated thermal aging duration was 2144 h (89.3 days).

To minimize the potential for recurrence of the failure should the failure
have been caused by the creep of the shaft seal O-ring due to pressurization
of one side of the shaft seal O-ring, the supply pressure to the Valcor SOVs
was reduced from 150 psig to 100 psig. Although the SOV is rated for 150
psig., the decreased process pressure of 100 psig is consistent with pressures
used in actual applications. In addition, it was decided that, whenaver the
thermal aging was to be interrupted for cycling, analysis, or functional
tests, the Valcor SOV was to be deenergized at the thermal aging temperature.
The intent was to eliminate the potential for binding of the shaft due to
setting of the O-ring as it cooled if the oven temperature were reduced.

It was also decided that, as there is no normal service condition that
requires the Valcor SOVs to be exposed to temperatures equivalent to the
thermal aging temperatures during normal service, any hesitation of the Valcor
SOVs during the initial deenergization following a thermal aging segment would
not be considered improper operation. However, if hesitation occurred during
the MSLB/LOCA simulation, it would be considered an abnormal condition,
because the valves must remain operable during a DBE.

As in the initial plan, replacement coils for the Valcor SOVs were to be aged
separately for a period of 360 h at a temperature of 350°F (177°C).

6.2.4 Second Revision of the Valcor Aging Simulation

The Valcor specimens were refurbished by replacement of the elastomeric

parts. On December 10, 1986, the aging simulation for the Valcor SOVs was
started anew, and the ASCO simulation was continued. The aging oven
temperature was 215°F (102°C), and the SOVs were energized. Seven days into
the exposure, the air bottle for the Valcor SOVs began experiencing rapid
depletion. Valcor Specimen 6096-22 was found to be leaking from its exhaust
port. The air supply bottle was replaced with a full bottle, but it was
depleted overnight. The test was stopped on the eighth day {December 18, 1986)
and the valves were deenergized. During functional testing at this time, two
of the three Valcor SOVs (6096-23 and -24) failed to transfer.

The problem was evaluated and again traced to sticking of the shaft seal

O-ring to the guide tube. It was again hypothesized that the failure was
caused by deformation of the shaft seal O-ring from pressure against its top
side while at the thermal aging temperature. To eliminate the deforming
pressure on the O-ring without removing the process pressure during accelerated
aging, it was decided to apply the process pressure to the exhaust port of the
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SOV (as well as the inlet port) during the next attempt at thermal aging. This
procedure exposed both sides of the O-ring to 100 psig and eliminated the
differential pressure that tended to deform the O-ring. The Valcor valves were
again rebuilt with new elastomers prior to restarting the accelerated aging.

The oven temperature was again 215°F (102°C). The only difference was that
both sides of the shaft seal O-rings on the Valcor valves were pres- surized
to 100 psig to eliminate the differential pressure on the O-rings.

Thirteen days after the restart of the aging, the oven temperature was reduced
to 140°F (60°C) to allow an increment of cycling of the SOVs to be performed.
However, the Valcor SOVs (Specimens 6096-22, -23, and -24) had still not
transferred as late as one hour after deenergization.

Due to the additional costs associated with multiple failure evaluations,
rebuilding of the valves, and the delays in completion of the program, the
attempts to age the Valcor SOVs were discontinued. New Valcor valves were
used to complete the program with no accelerated thermal aging.

6.2.5 Evaluation of Valcor SOVs after Final Failure

The first failures of the Valcor valves occurred after approximately 2 days of
thermal aging. The shaft seal temperature during this aging was 278°F (137°C)
and the process air pressure was 150 psig. The second set of failures
occurred after 7 days with the process air pressure at 100 psig and the shaft
seal O-ring temperature at 262°F (128°C). The third set of failures was
observed after 13 days of exposure at 262°F (128°C) with 100 psig of process
air pressure on both sides of the seal, i.e., with no pressure differential
across the shaft seal O-ring. The first and second failures appeared to be
similar in nature. The shaft seal O-ring had swollen and adhered to the gquide
assembly. In the third set of failures, the deterioration of the shaft seal
O-ring was much worse; the O-ring had started to powder and disintegrate. The
upper O-ring on the seal assembly had also severely deteriorated and adhered
to the seat, which did not occur on the first and second failures.

Detailed observations from examination of the disassembled SOVs are given
below. (See Figure 2 for parts nomenclature.)

Valcor SOV Specimen 6096-22

The shaft seal O-ring was severely deteriorated with indications that it had
stuck to the seat guide tube. The O-ring was decomposed, had a circum-—
ferential crack, and was severely embrittled. Portions of the O-ring material
were missing. The seal assembly upper O-ring was completely flattened and
also appeared to have adhered to the upper seat. The upper O-ring on the seat
guide was embrittled and cracked, and loose particulate matter was present.

The lower seal assembly O-ring was hardened, but was intact and had retained
its shape. The lower guide assembly O-ring was deteriorated to a lesser

degree than the upper O-ring. The solenoid base and body O-rings were slightly
hardened, but appeared to be functional.- ‘
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Valcor SOV Specimen 6096-23

The shaft seal O-ring was very hard and the upper edge was eroded and

powdery. The edge appeared to have adhered to the guide tube. The seal
-assembly upper O-ring was completely flattened and appeared to have adhered to
the seat. The lower seal assembly O-ring was similar to that of Vvalve 6096-22
in that it was hardened but had retained its shape. The lower and upper seat
guide O-rings were deteriorated but appeared to be functional. The solenoid
base and body O-rings had taken a slight set, but remained pliable.

Valcor SOV Specimen 6096-24

The shaft seal O-ring was distorted and hardened. Some separation of
particles had occurred on the upper surface of the O-ring. The O-ring was
deteriorated less than the O-ring in SOV 6096-22. The upper seal assembly
O-ring was fully flattened and appeared to have adhered to the seat. The
upper seat guide O-ring was slightly deteriorated, but appeared to be
functional. The lower seat guide O-ring had a compressive set, but appearad
to be relatively undamaged. The solenoid base and body O-ring seemed to be
undamaged and functional.

6.3 Aging of ASCO SQOVs

6.3.1 1Initial Procedure and Its Revision

The initial thermal aging calculations for ASCO SOVs were made assuming that
the core disc temperature is approximately the same as the seat temperatures
reported in the Test Plan {(Appendix A). As discussed in Section 6.4, below,
the core disc temperature was probably significantly higher than the seat
temperature; nonetheless, the discussion in this section is based on that
approximation.

As with the Valcor aging calculations, the calculations discussed in this
section apply to applications in which the ambient air temperature is 140°F
(60°C) and it is moving at a velocity comparable to the air velocity in the
aging oven. Interpretation of the thermal aging used in this program for
other service conditions is discussed in Section 6.4%.

The accelerated thermal aging exposure specified in the initial test plan
(Ref. 3, p. 22) was in accordance with calculations 5 and 6 in Table 4.
During performance of a previous test program {4], ASCO had indicated that
thermal aging of the SOVs at an oven temperature of 268°F (131°C) while
energized was acceptable. Therefore, the choice of an oven temperature of
230°F (110°C) was considered well within the acceptable range for ASCO SQVs.
Although thermal aging was initiated as planned, the modification of the oven
temperature as a consequence of Valcor SOV failures required that the aging
time be recalculated for the ASCO valves.

The initial period of aging to which the ASCO valves had been exposed

(31 h with a critical component temperature of 270°F [132°C]) equated to a
service life of 1285 h (Calculation 7, Table 4). This left 33,759 h (3.853 y)
of service life to be simulated to attain a 4-year service life. At an oven
temperature of 215°F (102°C), the valve seat temperature was 255°F (124°C):;
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and calculation 8, Table 4, shows that the remaining exposure was 1424 h, or
59.3 d. Calculation 9, Table 4, shows that the ASCO thermal aging was
equivalent to 1478 h (61.6 d) in an oven at 215°F (102°C).

Since the ASCO SOV coils would be overaged during the valve aging program,
replacement solenoid coils for the ASCO SOVs were aged separately for a period
of 200 h (8.3 d) at a temperature of 350°F (177°C), in accordance with
calculation 6, Teble 4, to provide solenoid coils aged to the same equivalent
service life as the remainder of the SOV assembly. (The coils were actually
-aged for 202 h.) ' : ‘

6.3.2 Discovery of Deposits in ASCO SOVs

-After 8 d of accelerated thermal aging (on December 18, 1986), the ASCO
specimens were deenergized. At this time, ASCO Specimen 6096-13 (with
nitrogen as the process medium) failed to transfer to the deenergized state
until the process medium pressure was removed., Examination of SOV 6096-13 and
the other five ASCO specimens revealed a lacquer-like, organic deposit on the
top of the core assembly where it mated with the solenoid base subassembly
vhen the SOV was energized. Thig interface is a metal-to-metal interface. On
SOV 6096-13, the patterns in the deposit on the core assembly matched the
-markings in the solenoid base assembly, indicating that the depos;t was the
probable cause of the SOV sticking.

The test setup was evaluated to determine if it was the source of the
deposit. The process gases consisted of bottled breathing air and bottled
nitrogen. These are high quality gas sources and not prone to oil or water
contamination as could occur in a compressor supplied system. Furthermore,
the contamination occurred in valves connected to both gas sources, and it is
‘unlikely that both the air and nitrogen sources had the same contaminant.
Accordingly, it was concluded that the process medium supplies were probably
not the source of contamination. The piping setup for the thermal aging was
assembled with clean, new materials and therefore was also not a likely source
of contamination. The exhaust ports through which contaminants could have
entered the area had 180° elbows that piped the outlets downward. This
prevented contaminants from falling into the exhausts. No spray painting of
any sort occurred in the vicinity of the SOVs during any of the program, and
they had not been disassembled by FRC prior to the failure of SOV 6096-13.

These valves are of the same model that failed at the Ft. Calhoun plant in the
same manner; and Ft. Calhoun personnel could likewise not identify an external
source for the lacquer-~like deposit. (Note: Some of these valves were
donated to this program and, after being cleaned of the residue from the
metal-to-metal interface area, were used as Specimens 6096-6, -7, and -8.)

The problem could not be investigated further within the constraints of the
program; and it could be concluded only that the deposit was apparently an
organic material, but of unknown composition or origin.

To allow the program to continue, the deposit was cleaned from ASCO Specimens
6096-9, -10, -15, -12, -13, and -14, 'and the valves were reassembled. Thermal
2ging was then resumed from the point where it had been interrupted. The ASCO
valves completed the thermal aging to the equivalent of a thermal life of 4
years at an ambient temperature of 140°F (60°C), with 2000 operational cycles.
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6.4 Interpretation of Accelerated Thermal Aging for Various
Service Conditions

The accelerated thermal aging conducted in this program is equivalent to
different service times depending on the air temperature and velocity at the
location of the installed SOV. As stated in the two preceding sections, the
basic calculations (to produce aging equivalent to 4 y for continuocusly
energized ASCO SOVs and 5 y for continuously energized Valcor SOVs) apply to
locations where the ambient temperature is 140°F (60°C) and the air velocity
is comparable to the air wvelocity in the aging oven, which was of the order of
100 ft/min. To be precise, the calculations apply to any location where the
service conditions produce critical part temperatures equal to the tempera-
tures used in this program. Wherever service conditions cause the critical
part temperatures to be higher or lower than the values used in this program,
the equivalent service lives will be shorter or longer, respectively, than the
equivalent values of 4 y for ASCO SOVs and S y for Valcor SOVs that apply to
the basic calculations of this program (calculations 1 through 9 in Table 4).

The following discussion shows how the equivalent service life is affected by
a few service conditions different from those assumed in this program.

Because the data that became available applies to ASCO SOVs, the discussion is
limited to that type of SOV.

Subsequent to the completion of the thermal aging of the ASCO SOVs, the
manufacturer communicated core disc temperature measurements (with the SOV
energized) higher than the values obtained in this program. The difference is
attributed primarily to the fact that FRC measured the temperature rise above
ambient temperature in an oven with forced air circulation, while ASCO made
its measurements with minimal air flow (reported as "no flow"). Consequently,
the SOVs were losing heat to the environment at a faster rate, via forced
convection, in the FRC measurements than was the case in the ASCO
measurements, in which the SOVs lost heat primarily via natural convection.
The effect is illustrated by the table of temperature measurements at the
bottom of page 33 of Appendix A, where the ASCO core seat temperature measured
in essentially quiescent air is 93°F (51°C), above the ambient (room)
temperature of 77°F(25°C), while the seat temperatures measured under the
condition of forced air circulation, in an oven, are only 40°F (22°C) above
the oven temperature.

Another factor contributing to the difference between ASCO and FRC temperature
rise measurements is that, to avoid destroying the SOVs, FRC fed a
thermocouple through a valve port to a point as close as possible to the core
disc. Thus, the measurement actually applied to the core seat area, but, as
explained in Section 6.3.1, it was assigned to the core disc. On the other
hand, ASCO was able to sacrifice its specimens, and fed its thermocouple
through a hole in the SOV body and embedded the junction in the core disc.

Using the data provided by ASCO, Calculation 10, Table 4, shows that
simulation of 4 y of service would have required 6031 h at an oven temperature
of 215°F (102°C). FRC's aging (Calculation 11, Table 4) was equivalent to
only 1 year of aging at a core disc service temperature of 100°C, which
applies to an SOV in a stagnant air environment at 140°F (60°C). This result
illustrates the dramatic effect of air velocity at the installed SOV, if the
SOV is energized.
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In the case of the coils, there was a similar effect due to air circulation.
Both ASCO and FRC used the change in coil resistance with temperature as the
basigs for obtaining the 'average' temperature rise of the coil. In addition,
ASCO has performed experiments showing that the 'hot spot' of the coil is 3°C
to 4°C higher than the temperature deduced from resistance measurements. ASCO
used 5°C as a conservative estimate of the hot spot increment.

At an environmental temperature of 140°F (60°C), ASCO's measurements in an
oven with minimal air circulation yielded a hot spot temperature of 324°F
(162°C) compar:d to FRC's value of 102°C. At an oven temperature of 350°F
(177°C)., with the coils not energized {in which case air circulation does not
affect the coil temperature), Calculation 12, Table 4. shows that 1.7 y of
oven aging would be required to simulate 4 y of service. Consequently, in
accordance with this analysis, aging for 200 h at 350°F (177°C) produces the
equivalent of 0.05 y of coil aging (Calculation 13, Table 4) for an SOV in
stagnant air at 140°F (60°C). .

Actual plant service conditions vary over a wide range. Although the ambient
temparature of 140°F (60°C) was intended to encompass most plant applications,
there are some in which the ambient temperature exceeds 140°F (60°C). For
example, one utility that has measured temperatures in a steam tunnel has
evidence that the ambient temperature in the vicinity of SOVs mounted on steam
pipe valve actuators is about 155°F (68°C). On the other hand ambient
temperatures as low as 100°F are probably more common. At this service
temperature, Calculations 14 and 15, Table 4, show that the thermal aging
conducted in this program was equivalent to 4.7 y of service for the core disc
and 0.2 y for the coil of the ASCO SOVs.

Finally, it is necessary to recall that the use of temperature rises measured
in a stagnant air environment, as done by ASCO, is strictly applicable only to
stagnant plant environments. But air in a plant is rarely stagnant, although
its flow rate may be much lower than the air circulation rate in the ovens
used for thermal aging in this program. However, any air flow in the vicinity
of energized SOVs will tend to lower their temperature rise compared to the
rise in stagnant air.

*Extrapolated from ASCO data for ambient temperatures between 25°C and 131°C.
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7. TEST RESULTS

7.1 Gamma Irradiation

To simulate DBE irradiation, specimens of groups III and IV (see Table 3) were
exposed to a DBE minimum air equivalent dose of 200.4 Mrd (2004 kGy) of gamma
radiation from a cobalt-60 source at an average dose rate of 0.61 Mrd/h (6.1
kGy/h). A discussion of dosimetry and dose uniformity is provided in Appendix
B together with the report of the radiation laboratory. :

7.2 Description of Actual MSLB/LOCA Simulation

The MSLB/LOCA exposure was performed in accordance with the specified

temperature/pressure profile illustrated in the test plan of “RC Report No.
P-C6096 attached as Appendix A. The experimental configuration. including
specimen arrangement and thermocouple location, is discussed in Section 4.

There were three minor deviations which occucrred.

1. During the drop in temperature/pressure from 420°F (216°C)/
68 1bf/in? (469 kPa) to 365°F (185°C)/68 1bf/in? (469 kPa) of the
first transient, the temperature inadvertently decreased to a minimum
of 335°F, as shown in Fiqure 8. The total period of this deviation
was less than 2 minutes and is not considered to have a significant
effect on the program. The temperature deviation is shown on an
expanded time scale in Figure 9.

2. Pressure during the specified dwells of 365°F (185°C)/68 1bf/in2
(469 kPa) was 72 psig instead of 68 psig due to control problems
associated with the back pressure requlator station. This pressure
deviation is of a conservative nature and is also considered
insignificant.

3. Pressure during the period of 4 d to 30 d ET was approximately 3 psig.
not 0 psig as specified. This deviation was incurred because a slight
pressure was necessary to control the 200°F vessel temperature.

The actual temperature/pressures recorded throughout the first and second
transients to the peak temperatures are shown in an expanded time scale in
Figures 10 and 11, respectively. Aside from the minor deviation mentioned in
Item 1 above, the actual -emperature profile (Figure 8) was practically
identical to the specified profile (Figure 6. Appendix A).

7.3 Operation of SOVs During the MSLB/LOCA Simulation

Prior to the first environmental transient, with the vessel at 140°7 (60°C),
each valve was cycled 10 times; no problems were noted. Each valve functioned
and pressurized the cylinder that simulated a process device. To simulate
normal nuclear plant service, the SOVs were energized just prior to starting
the MSLB/LOCA simulation; and they were de-energized during the transient to
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the peak temperature of 420°F (216°C). Thereafter, the valves were
deenergized throughout the MSLB/LOCA simulation except when cycled for
operational testing and a 2-h period of continuous energization to simulate
sampling system service.* The SOVs operated properly at reduced and normal
voltage when cycled during the dwell at 420°F (216°C).

During the ten-cycle operation that occurred at 140°F (60°C) between the first
and second transient, Specimen 6096~21 (Valcor: naturally aged, irradiated)
drew normal current on the first three attempts to operate, but did not
transfer and pressurize the process cylinder. Thereafter, it operated
properly seven times. At the same time, Specimen 6096-26 (Valcor: new, no
thermal aging, irradiated) was observed to be leaking heavily when energized.

At 2 h 40 min elapsed time from the start of the second transient, all of the
valves were cycled. Valve 6096-26 continued to have heavy leakage when
energized.

At 4 h elapsed time, Valve 6096-21 failed to transfer on the first attempt.
After four further attempts, the valve transferred, but was determined to be
leaking in the energized state.

At 7 h 40 min elapsed time from the start of the second transient, following
the drop from 325°F (163°C) to 312°F (155°V) and the start of the chemical
spray., the valves were energized for a period of 2 h. This period of
energization was performed to simulate SOV applications where the valve is
used in containment environment sampling systems.* Twenty-five minutes later,
the leakage on Valve 6096-26 was so severe that it had to be deenergized. The
valve was causing a 100 psi/min drop in bottled air supply pressure.

Thirty minutes into the 2-h energization period, Specimen 6096-15 (ASCO:
accelerated aging, irradiated) was noted to be drawing no current. The fuse
to the SOV had blown. Investigation revealed that the coil was open-
circuited, with one lead shorted to ground. Attempts to re-energize the coil
to see if voltage would bridge the open circuit resulted in failures of 0.5-A,
slow-blow fuses and no valve operation. The remainder of the valves completed
the 2-h period of operation without malfunctioning.

Subsequent to the 2-h period of energization, throughout the remainder of the
MSLB/LOCA simulation, SOV 6096-26 continued to leak excessively whenever
energized. The current drawn by SOV 6096-21 was noted to have increased from
a range between 70 and 120 mA to 410 mA, but it was still functioning. At 21
h, the current was greater than S00 mA, but the SOV had transferred. At 29 h,
SOV 6096-21 blew its fuse and did not transfer. At 47 h and 99 h, it drew
greater than 500 mA, but did not transfer. During each energization after

118 h, it blew its fuse without transferring with the exception of the
energization at 405 h, during which it momentarily transferred before blowing
the fuse.

*A request to energize the SOVs for a 2-h period to simulate service in-
containment atmosphere sampling systems resulted from a discussion of this
program before the Electric Power Research Institute's Environmental
Qualification Advisory Group on June 9, 1987 in Palo Alto.
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At 25 h elapsed time, the coil resistance and resistance to ground of each
lead were recorded for each SOV. The results are contained in Table 4. These
results indicate that the coils of Specimens 6096-3 and -26 were behaving

- essentially as expected, but that the coils of SOVs 6096-8, -14, -15, and -21
had experienced degradation.

At 47 h elapsed time, SOV 6096-15 (ASCO: accelerated aging, irradiated, 1lE)
blew its fuse after 15 s of energization. With a 0.5-A, slow-blow fuse in the
circuit, the coil drew more than 0.5 A without blowing the fuse, but the valve
did not transfer. SOV 6096-21 also did not blow the fuse with a 0.5-2a,
slow-blow fuse and did not transfer.

Starting with the energization at 99 h, SOV 6096-15 would draw more than 0.5 A
and would transfer when energized, except at 118 I elapsed time, when it also
blew its fuse. However, it should be noted that the SOV was energized only
long enough to determine if it would transfer. No energizations for
significant periods were performed.

At 21 h elapsed time, SOV 6096-8 (ASCO: naturally aged, irradiated) drew only
75 mA instead of 150 mA, as it had on previous readings, and the current
continued to drop. However, the valve appeared to be functioning. During
energizations at 29, 47, 99, and 118 h, the SOV drew little or no current

(0 to 30 mA) and failed to transfer. At 174 h, the coil resistance of SOV
6096-8 was measured and found to be 33 kfl. At 257 h and each energiza- tion
thereafter, the SOV drew 170 to 200 mA, which slowly decreased. and it
transferred properly.

Throughout the test, SOV 6096-3 (ASCO: naturally aged, irradiated) drew
between 60 and 85 mA when energized, and it functioned properly. SOV 6096-14
initially drew between 80 and 140 mA until the energization at 21 h from the
start of the second transient. It then drew 180 mA and thereafter it drew
between 150 and 300 mA. It transferred properly at each energization and
never blew the 0,5-A fuse.

SOV 6096-26, while having very high leakage when energized, transferred at
each energization and drew between 180 and 250 mA.

Table 5 summarizes the functional results of the MSLB/LOCA exposure for the
valves.

7.4 Results of Functional Tests

- The coil resistance and coil insulation resistance were measured for each
valve in the as-received state (i.e., new or naturally aged) and after each
segment of the program to which the valve was exposed (thermal aging, irradia-
tion, MSLB/LOCA simulation). Coil insulation resistance measurements were
performed at 500 Vdc, held for 1 min. Each.SOV was also operationally checked
to verify transfer at normal and design limit voltages (125, 100, i42 vdc).
During these operational checks, the SOVs, were observed for signs of sluggish
operation, failure to transfer, and noisiness.
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Table 5. Coil and Insulation Resigstances for SOVs
Under Test at 25 Hours Elapsed Time

Lead 1»* Lead 2*
Condition at Start Coil Insulation Insulation
Identification of MSLB/LOCA Resistance(Q) Resistance(Q) Resistance(Q)

ASCO 6096-3 Naturally Aged, 1.9 x 10- @ @
Irradiated to
Accident Dose

ASCO 6096-8 Naturally Aged, 2.5 x 103 282 x 103 203 x 103
Irradiated to
Accident Dose

ASCO 6096-14  Accelerated Aging 84.8 x 103 503 x 103 586 x 103
with Nitrogen as
Process Medium,
Irradiated to
Accident Dose

ASCO 6096-15 Accalerated Aging 165 x 103 4.2 x 103 164 x 103
with Air as
Process Medium,
Irradiated to
Accident Dose

Valcor 6096-21 Naturally Aged, 133 42 x 103 383 x 103
Irradiated to
Accident Dose

Valcor 6096-26 New, Irradiated 592 ® ®
*The difference between the IR measurements of leads 1 and 2 could be a consegquence

of wetting of the coils, which can cause battery action with respect to ground and
affect the insulation resistance readings.



Identification

Table 6.

Condition at Start
of MSLB/LOCA

ASCO 6096-3

ASCO 6096-8

ASCO 6096-14

ASCO 6096-15

Valcor 6096-21

Naturally Aged,
Irradiated to
Accident Dose

Naturally Aged,
Irradiated to
Accident Dose

* Accelerated Aging

with Nitrogen
as Process Medium,
Irradiated to
Accident Dose

Accelerated Aging
with Air as
Process Medium,
Irradiated to
Accident Dose

Naturally Aged,
Irradiated to
Accident Dose

Summary of MSLB/LOCA Functional Results

Summary of Functional Results
During MSLB/LOCA Exposure

No failures to transfer; no significant
coil problems.

Operated properly until 29 h elasped time
(ET) of second transient. Then failed to
transfer until the cycling on the 10th
day of the test, when it began trans-
ferring properly again. Coil apparently
open circuited and later bridged when
energized. Failed to transfer after
test, apparently due to coil failure.

Transferred properly at each energi-
zation. However, it experienced some
non-debilitating coil damage after 21 h
ET after start of the second transient,
when coil currents increased. Slight
leakage in deenergized position after
test.

Transferred properly until approximately
8 h after start of second transient,
when it drew more than 0.5 A. At this
point, it had been energized and exposed
to chemical spray for 30 min. Measure-
ments indicated the coil was open-
circuited, and one lead was shorted to
ground. It blew 0.5-A, slow-blow fuses
at each energization until 29 h ET., when
it transferred momentarily. At 99 h ET
and thereafter, it transferred at each
energization except at 118 h, when it
again blew the 0.5-A, slow-blow fuse.
Transferred properly and no leakage
observed at conclusion of test.

Transferred Jroperly during first
transient and high-temperature dwell,
but failed to transfer during first 3
attempts between first and second
transient. At 4 h ET from start of
second transient, the SOV did not
transfer until the fourth attempt.
Current increased to 410 mA at the end
of the 2-h energization. At 29 h ET,
the valve blew its 0.5-A fuse without
transferring. Thereafter, it trans-



Table 6. Summary of MSLB/LOCA Functional Results (Cont.)

Condition at Start
Identification of MSLB/LOCA

Valcor 6096-21
{Cont.)

Valcor 6096-26 New, Irradiated
to Accident Dose

Summary of Functional Results
During MSLB/LOCA Exposure

ferred only once momentarily at 405 h.
At each other attempt to transfer, it
did not transfer or blew its fuse before
transferring. Replacement of failed
coil after test allowed transfer, but
only after repeated attempts and with
significant delays.

Transferred properly throughout test, but
had high leakage when energized before
second transient and thereafter. Had
extremely high leakage when energized at
ET of 8 h 10 min from start of second
transient (after 1/2 h of con- tinuous
energization during exposure to spray
and 310°F/65 psig steam). It had high
leakage during the balance of the test
and after the test, particularly in the
energized position.
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Leakage testing was performed using the test system shown in Figure 11. The
SOVs were mounted on the test stand, and the appropriate process and elec-
trical connections made. The valve inlets were pressurized at the SOV opera-
tional pressure (60 psig for ASCO SOVs, 150 psig for Valcor SOVs) while deener-
gized. After pressurization, the flow meter was observed for any indication

of flow that would indicate either seat or body leakage through the valve.

The flow meter was capable of detecting leakage in the range from 0.37 scfm

(19 L/min) to 4.2 scfm (118 L/min). The SOVs were then energized, and the
accumulator was allowed to stabilize at the supply pressure. The flow meter
was then observed to detect any indication of leakage.

The following subsections describe the results for each type of valve and
cross-comparisons for appropriate groups of valves.

7.4.1 Naturally Aged ASCO SQOVs

 There were two sets of naturally aged ASCO SOVs. One set had been in service
for 1.5 y, and the other set had been in service for about 8 y.

- Three 1.5-year-old naturally aged NP8314 ASOC SOVs (6096-6, 7. 8) were

© functionally tested in the as-received state. SOV 6096-7 and -8 were then
irradiated and functionally tested. Specimen 6096-8 was then subjected to a

- simulated MSLB/LOCA exposure and was functionally tested. The results of

. these tests are shown in Table 6. All three valves did not leak when
received, and their coils were acceptable. After irradiation, SOV 6096-7 and
6096-8 showed little change in coil resistance and exhibited lower but
adequate coil insulation resistances. During the MSLB/LOCA exposure, the coil
of Specimen 6096-8 open circuited, and its insulation resistance dropped to an
unacceptable level. It should be noted that even after the coil open
circuited, the SOV did transfer later in the test when the applied voltage
bridged the open circuit (see Section 7.1). However, it did not operate every
time and did not operate when placed on the test stand for functional tests
following the MSLB/LOCA simulation. Observation of the seats following the
MSLB/LOC2 test indicated no severe damage, and proper operation would have
been expected if coil failure had not occurred. _

The results for the HTX8314 SOVs (6096-1, 2, 3) that had been in service about
8 y., are also listed in Table 6. These valves had not been qualified by the
manufacturer and had been removed from servite s0 that qualified valves could
be installed. SOV 6096-1 was only naturally aged; Valve 6096-2 was naturally
aged and irradiated; Valve 6096-3 was naturally aged, irradiated, and exposed
to the simulated MSLB/LOCA environment. During functional testing of 6096-2
following irradiation, some leakage was noted during the first enérgization.
However, on subsequent energizations, the leakage returned to zero. Following
the MSLB/LOCA exposure, the coil of SOV 6096-3 had low insulation resistance
(60 k?) but was functioning properly. These valves functioned properly
through all elements of the test program.

7.4.2 ASCO Valves with Accelerated Aging
Table 7 shows the functional test results for the ASCO NP8314 valves that were
subjected to accelerated aging with air and nitrogen as the process media.

SOV 6096-16 was not exposed to test conditions and was used for comparison
with those that were exposed to test conditions. Valve 6096-9 was exposed to
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Specimen No,
Pre-Irradiati

Coil Resistance ( )

Coil Insulation Res ( )
Leakage Energized (scfm)(3)
Leakage Deenergized (scfm)(3

Post=Irradiati

Coil Resistance ( )

Coil Insulation Res ( )
Leakage Energized (scfm){(2)
Leakage Deenergized (scfm)(3)

= im

Coil Resistance ( )

Coil Insulation Res ( )
Leakage Energized (scfm){(2)
Leakage Deenergized (scfm)(3)

a.
b.
c.

d.
NA

Pressurized to 60 psig.

Table 7.

o NPB314 (1.5 years)  __ ___

6096=6

799
36 x 106

NA
NA
NA
NA

NA
NA
NA
NA

Coil failed; SOV did not transfer.

On first energization during functional tests,

was essentially no leakage.
Using multimeter.

= Not applicable,

6096-7

0
0

78

NA
NA

NA

6096-8

789
1.5 x 1012
0
0

9 784
0.010 x 1012 0.24 x 1012
0 0
0

0

95 x 103
<500 x 103
(b)

(b)

Functional Test Results for Naturally Aged ASCO SOVs

HIX8314 (8 years)

6096-)

1399
3 x 1012

NA
NA

NA

NA
NA
NA
NA

1375
1.3 x 1012

1378 80 x 1012
43}096¥

NA
NA
NA
NA

47 scfm leakage was noted; upon subsequent energization, there

1336
5.4 x 1012
0

1330
1.5 x 1012

1340
60 x 103(d)
0
0




_';77_

Brocess Medium
Pre-Thermal Aging

Coil Resistance ( )

Coil Insulation Res ( )(3)
Leakage Energized (scfm)(b.c)
Leakage Deenergized (scfm)

Post- in

Coil Resistance ( )

Coil Insulation Res ( )
Leakage Energized (scfm)
Leakage Deenergized (scfm)

Post-Irradigtion

Coil Resistance ( )

Coil Insulation Res ( )
Leakage Energized (scfm)
Leakage Deenergized (scfm)

Post- imyl

Coil Resistance ( )

Coil Insutation Res ( )
Leakage Energized (scfm)
Leakage Deenergized (scfm)

Using 500 Vdc megger.
. Pressurized to 60 psig.
125 vdc.

Table 8. Functional Test Results for ASCO NPB314 valves with Accelerated Aging
Specimen No.
6096-16
Control 6096-9 6096-10 6096-15 6096-12 6096-13 6096-14
i {Air) {Ajr) {Air) i i n {Nitrogen)

769 766 780 777 797 774 782
0.60 x 1012  0.54x 10'2  0.70x 10'2  0.30 x 10'2  0.68x 1072 0.60 x 10'2 0.50 x 1012

0 0 0 0 0 0 0

0 0 0 0 0 0 0
NA 770 g5 (d) go4 (d) 800 804 (d) gos (d)
NA 50 x 1012 5x 10'2 1.5 x 10'2 100 x 10'2 45 x 1012 1.8 x 1012
NA 0 0 0 0 0 0
NA 0 <23.2 (e) 0 0 0 0
NA NA 807 795 NA 801 800
NA NA 0.56 x 1012 0.30 x 1012 NA 1.5 x 1012 0.30 x 1012
NA NA <23.2 (e 0 NA 0 0
NA NA <23.2 (@) 0 NA 0 0
NA NA NA 727 NA NA 1060
NA NA NA 12,5 (f) NA NA <,1.x 103(f)
NA NA NA 0lg) NA NA olg)
NA NA NA 0 NA NA <23.2

Original coi) replaced with separately aged coil (see thermal aging plan).

Insulation resistance measured with multimeter; value too low to measure with megger.

Valve transferred properly when energized at 100, 125, and 142 Vdc.

A = Not applicable.

a
b
c
d.
e. Leakages were slight; they were greater than zero but much less than 23.2 scfm, which was the Yowest marking on the flow meter.
f
9
N




accelerated aging with air as the process medium. Valve 6096-10 was exposed
to accelerated aging and irradiation with air as the processmedium; and Valve
6096-15 was exposed to accelerated aging, irradiation, and the simulated
MSLB/LOCA environment. Valves 6096-12, -13, and 14 were exposed similarly to
valves 6096-9, -10, and -15, respectively, but with nitrogen as the process
medium. '

All the valves had comparable coil and leakage data when new. Following
irradiation, Valve 6096-10, which had ai: as the process medium, began to
experience slight leakage (i.e., significantly less than 23.2 scfm, the lowest
marking on the flow meter) in the deenergized state. In the deenergized state,
the EPDM covers the process source orifice; therefore, some minor degradation
of the EPDM core disc of the valve may have occurred as a consequence of the
combination of thermal aging and irradiation., After disassembly, a:small
split was found in the core disc where it mated with the orifice. Valve
6096-15 did not experience such damage. Valve 6096-14 experienced similar
leakage, but only after the MSLB/LOCA exposure:; again, the leakage was not
excessive. No obvious cause for the leakage of SOV 6096-14 was found on
disassembly. .

Both SOV 6096-15 and 6096-14 experienced coil deterioration during the
MSLB/LOCA exposure. The coil resistance of SOV 6096-15 did not change appre-
ciably following the MSLB/LOCA exposure when compared to previous readings.
However, the coil was practically shorted to ground, with a resistance to
ground of 12.5 Q, The fuse for this SOV did blow once during the MSLB/LOCA,
but the SOV operated most of the time. The coil resistance of SOV 6096-14
increased by approximately 40%, indicating that an open circuit was developing
during the MSLB/LOCA exposure. The SOV coil also had a low insulation
resistance (<1.1 k). However, the SOV transferred properly at all times
before, during, and after the MSLB/LOCA exposure. The process medium {(air vs
nitrogen) had no effect on ¢oil deterioration, because the coils are not
bathed in the process medium, .

7.4.3 Functional Tests of Valcor Valves

Table 8 presents the functional test results for new and naturally aged Valcor
SOVs. Specimen 6096-25 was a new SOV used for comparison to the remaining
Valcor SOVs in the program. SOV 6096-19 was naturally aged only. SOV 6096-20
was naturally aged and irradiated, and 6096-21 was naturally aged, irradiated,
and subjected to the MSLB/LOCA simulation.

The reference SOV (6096-25), in the as-new state, exhibited a S~s delay on the
transfer during the first deenergization of the functional testing.

SOV 6096-21 failed to transfer on its first energization in the as-received
state when energized for 10 s. It was then energized again and transferred
properly. During the first transfer after irradiation, it hesitated
slightly. During the MSLB/LOCA simulation, the coil of SOV 6096-21 failed;
subsequent to the MSLB/LOCA simulation, it had readings between 16 and 44 Q,
Following the MSLB/LOCA simulation, the coil was replaced with a new coil to
determine if the valve was still operating. When energized, it took numerous
attempts to get the valve to transfer; when it did transfer, it operated very
slowly. Even with a new coil, the valve did not operate properly. Further
discussion of the condition of this valve is contained in the disassembly
teardown description in Section 7.5.
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Table 9. Functional Test Results for New and Naturally Aged Valcor SOVs
Specimen No. 6096-25
New, As-Received From Manufacturer
Coil Resistance () 415
Coil Insulation Resistence (Q) 2 x 1012
Leakage Energized(2) ]
Leakage Deenergized(3) o(b)

Naturally Aged SOVs (Approximately S5 Years of Service)

Specimen No. 56096-19 6096-20
Coil Resistance () 409 405

Coil Insulation Resistance () 1.5 x 1012 3.5 x 1012
Leakage Energized(a) 0 0

Leakage Deenergized{(a)} 0 0
Post-Irradiation

Coil Resistance () NA 402

Coil Insulation () NA 0.004 x 1012
Leakage Energized(a) NA 0

Leakage Deenergized(a) NA 0

Post MSLB/LOCA Exposure

Coil Resistance (%) NA NA

Coil Insulation Resistance (2)NA NA

Leakage Energized{a) NA NA

Leakage Deenergized{(a) NA NA

. Pressurized to 150 psig.

oW

to transfer to deenergized position were also delayed.

c. First transfer upon initial energization at 125 Vdc did not occur within

10 s. Transferred properly on second energization.

5096-21

403
1.1 x 1012
olc)

0

401

1.2 x 1012
old)

16 to 44
(e)
(e)
(e)

Approximately 5-s delay was noted on deenergization. subsequent attempts

d. Slight hesitation noted on first transfer upon energization.
e. Coil failed, replacement of coil allowed determination that wvalve would
transfer, but only after repeated attempts and significant delays.

NA = Not applicable.



7.4.4 Valcor SOVs with Irradiation and MSLB/LOCA Exposure

Table 9 provides the functional results for the new Valcor valves and those
subjected to irradiation and the MSLB/LOCA simulation. None of the Valcor
valves was thermally aged by accelerated means due to failures that occurred
during the thermal aging attempts. Therefore, Table 9 provides data on a new
Valcor SOV (6096-25), an irradiated SOV (6096-27), and one (6096-26) that was
irradiated and subjected to a MSLB/LOCA simulation. It should be noted again
that SOV 6096-25 experienced a 5-s delay upon initial deenergization and that
subsequent transfers also had delays. SOV 6096-26, when new, also experienced
transfer delays of 2 to 8 s, during which heavy leakage was noted. Following
irradiation, SOV 6096-27 also experienced transfer delays, but no leakage
before or after transfer. SOV 6096-26 appeared to have increasing delay
periods following irradiation, during which transfers took 7 to 40 s, with
leakage during the period of transfer.

The coil of SOV 6096-26 did not deteriorate significantly during the accident
simulation. However, excessive leakage was noted during and after the MSLB/
LOCA simulation, while the SOV was energized. Following the accident
simulation, it was also noted that leakage was occurring in the deenergized
position.

7.4.5 Cross-Comparison of Valcor SQOVs

Both the naturally aged SOV 6096~-21, which was put through irradiation and
simulated accident exposure, and the new SOV 6096-26, which was put through
accident exposure and irradiation, experienced failures, but of different
types. The failure of SOV 6096-21 involved the coil and internal mechanism;
however, the seats appeared to be working properly. SOV 6096-26 experienced
failure of the seats but not of the coil, and the valve continued to transfer
properly. A number of specimens exhibited slowness to transfer, some when new
and some later in the program. SOV 6096-21 was slow in transferring after
natural aging, and again slow following irradiation. SOV 6096-25, which was a
new valve, experienced slowness on its first test. SOV 6096-26 experienced
slowness when new and continued to do so until following irradiation; then it
experienced high leakage during and after the MSLB/LOCA simulation.

7.4.6 Cross—Comparison of Results for ASCO SOVs

It is interesting that SOV 6096-3, with Buna N seats and 8 y of service, had
the best performance among the SOVs put through the MSLB/LOCA simulation. No
coil failure and no leakage occurred. Coil failure occurred on SOV 6096-8,
which had EPDM seats and 1.5 y of service; however, the internal portions of
the valve appeared to be in proper working order.

With respect to air and nitrogen as a process medium, the air-supplied SOV
6096-10 suffered slight leakage following irradiation. The nitrogen-supplied
valve in similar condition, SOV 6096-13, did not leak. With respect to
accident simulation, the nitrogen-supplied SOV had slight leakage and the
air-supplied valve had none following a MSLB/LOCA. The coils of these

two SOVs experienced deterioration: however, they did function periodically
during the MSLB/LOCA simulation. It appears that coil problems could be
significant for any valve that must operate well into the MSLB/LOCA condition.
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Table 10.

Functional Test Results for

New and Irradiated Valcor Sovs (a)

Specimen No. 6096-25 6096-27 6096-26

New, As Received from

Manufacturer

Coil Resistance (Q) 415 413 416

Coil Insulation (9) 2 x 1012 2.8 x 1012 2.6 x 1012
Leakage Energized(P) 0 0 0

Leakage Deenergized(D) ofc) 0 ofd)
Post-Irradiation

{No Thermal Aging)

Coil Resistance (Q) NA 410 413

Coil Insulation (Q) NA 2.6 x 1012 3.5 x 1012
Leakage Energized‘b’ NA 0 0

Leakage Deenergized(P) NA ale) o)

Post MSLB/LOCA Exposure

Coil Resistance (Q) NA NA 418

Coil Insulation (2) NA NA 2.6 x 1011
Leakage Energized(b) NA NA >350 scfhfg)
Leakage Deenergized(b) NA NA 95 scfh

Due to repeated valve failures, thermal aging was not completed on these
valves. Valves with no thermal aging were used for irradiation and

Delay of approximately 5 s was noted on deenergization; subsequent
transfers to the deenergized position were also delayed.
Transfers to the deenergized position took 2 to 8 s during which

Transfers after deenergization took 9 to 10 s.
Transfers after deenergization took 7 to 40 s, during which leakage

Transfers occurred properly., but high seat leakage occurred.

a.

accident simulation.
b. Pressurized to 150 psig.
c.
d.

heavy leakage was noted.
e.
£.

increased until transfer was completed.
g.
NA = Not applicable.
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7.5 Final Inspection of SOVs

. Upon the completion of the MSLB/LOCA simulation, the valves were disassembled
to determine the condition of their internal components. ' The subsections are
- ordered by valve type, type of agxng, type of process medium, and increment of
exposure to program conditions.

7.5.1 ASCO SOV 6096-16 (NP8314) Unaged

No significant damage or deterioration was noted upon disassembly of the new
valve that was used as a basis for comparison with other valves.

7.5.2 ASCO SOV €6056-6 (NP8315) Naturally Aged

Visual examination of the internal components of this valve revealed little
observable damage. The plugnut O-ring appeared to be in an as-new state and
still had signs of silicone grease from its initial assembly. The body gasket
O-ring was slightly squared and had taken a minor compressive set.

The core seat appeared like new. The area around the metal-to-metal seat had
a very light lacquer-like film similar to that found in the valves that had
stuck during accelerated aging. No physical deterioration of the coil was
noted. )

7.5.3 ASCO SOV 6096-7 (NP8314) Naturally Aged, Irradiated

‘No observable deterioration was noted in the coil or coil housing. The body
gasket (see Figure 2) O-ring had taken a compression set, but had remained
pliable and, based on the results of the functional test, was performing its
function. A thin film of the material found in the ASCO NP8314 valves that-
stuck during aging was observed on the top of the core assembly where it meets
the top of the soleno;d base subassembly.

7.5.4 ASCO SOV 6096-8 (NP8314) Naturally Aged, Irradiated, and
Exposed to MSLB/LOCA

The outside of the valve body was covered by corrosion products from the
chemical spray and steam exposure. The top of the solenoid coil enclosure had
extensive corrosion products and was heavily rusted. The upper coil insulat-
ing washers were moist. The plugnut O-ring was hard and brittle but intact.
The solenoid coil was very wet, and the housing had allowed significant mois-
ture intrusion. The inside of the coil housing also exhibited corrosion
products. There was no observable water line; however, it appeared that water
had filled the housing at least to the level of the bottom of the conduit
connection. The core disc had a heavy compression set. There was no lacquer-
like film in the area of the exhaust port as was observed on SOV 6096-7. The
body gasket had taken a compression set, but was intact and pliable. There
was a black carbon-like deposit on the valve body at the seat.
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7.5.5 ASCO SOV 6096-1 (HTX8314)* Naturally Aged

The coil housing was dry and clean. No observable damage had occurred to the
coil. The body gasket O-ring was intact but extremely hard. The upper Buna-N
core seat had a deposit of dirt on it. Both the upper and lower Buna-N seats
appeared to be in good condition. The plugnut gasket was extremely hard and
could not be removed. A flat circular gasket was found on this type of SOV
between the solenoid base assembly and the upper flange of the valve body.

The gasket was extremely brittle.

7.5.6 ASCO SOV 6096-2 (HTX8314) Naturally Aged and Irradiated

Upon disassembly. the plugnut O-ring was found to be missing. (It is not
known whether this condition existed from the time of manufacture or occurred

during in-plant maintenance.) The upper and lower core discs had very little
compression set and appeared to be in good condition. The body gasket O-ring
was extremely hard and had a compression set. No damage or deterioration was
observed on the coil and leads. The flat circular gasket between the solenoid
base assembly and the valve body was intact, but very hard and brittle.

7.5.7 ASCO SOV 6096-3 (HTX8313) Naturally Aged, Irradiated, and Exposed
to MSLB/LOCA

The housing for the coil had some corrosion products on it. The coil housing
was corroded shut and had to be cut open. There was evidence that internal
surfaces had become damp, but no indication of a water line. The seal style
for this housing appeared to be much more effective than the one for the
NP8314 SOVs. At the interface of the solenoid base subassembly to the coil
housing, the solenoid base subassembly was rusted. The upper Buna-N seat had
not taken a significant compression set at the location of the valve

seat. However, the core disc assembly had taken a severe compression set
where it rested on the lower valve seat. While there were corrosion products
within the valve body. the area was dry. The body gasket O-ring had only
slight compression set and was intact: however, it was very hard and brittle
and could not be removed.

While the O-rings on SOVs 6096-1., -2, and -3 were hard and brittle, they all
were performing their function prior to valve disassembly. The body gaskets
prevented body leakage during the test program; and, because of the
configuration and application of the valve, the plugnut gasket was not urder
pressure. A flat circular gasket was not found on this SOV bhetween the
solenoid base assembly and its valve body.

7.5.8 ASCO SOV 6096-9 (NP8314) Accelerated Aging with Air Process Medium
The coil housing and coil showed no signs of deterioration. The plugnut

O-ring was firm but pliable. There was very little compression set on the
EPDM core disc where it met the valve seat. The body gasket O-ring was

*See Figure 1 for HTX8314 parts nomenclature.



extremely compressed because the solenoid base had been very tightly applied
to the solenoid base aSSembly on this valve. The body gasket O-ring was very
brittle and was damaged in an attempt to remove it.

7.5.9 ASCO SOV 6096-10 (NP8314) Accelerated Aging with Air Process
Medium, Irradiated :

There was no cbservable damage to the coil or leads. The plugnut O-ring was
no longer pliable. The core disc was hard, but exhibited only minor
compression set in the vicinity of the valve seat interface. The body O-ring
" was no longer pliable and failed during removal.

7.5.10 ASCO SOV 6096-15 (NP8314) Accelerated Aging with Air Process
Medium, Irradiated, and Exposed to MSLB/LOCA

The coil housing was damp when opened, and the coil lead wires were slightly
damp when touched. The inside surface of the housing was rusted on the bottom
half. The plugnut O-ring was very hard. The body gasket O-ring was severely
compressed, hard, and fragmerted, and could not be removed for further
testing. The EPDM core disc had taken a severe compression set where it met
with the valve seat. The core disc was also scarred in areas around the valve
seat interface, the cause of which is not known.

7.5.11 ASCO SOV 6096-12 (NP8314) Accelerated Aging with Nitrogén Process
Medium

The plugnut and body O-rings were pliable and had only minor compression set.
The core disc also had minor compression set in the vicinity of the valve seat
interface. No abservable coil or lead damage was noted.

7.5.12 ASCO SOV 6096-13 (NP8314) Accelerated Aging with Nitrogen Process
Medium, Irradiated

Corrosion products were observed on the outside of the valve body. The body
gasket O-ring had taken a significant compression set but was very pliable.
The EPDM core disc had taken a compression get where it met with the valve
seal; however, it was reasonably soft. There was evidence of a lacquer-like
film on the top of the core assembly in the vicinity of the upper valve seat
vhere it met with the solenoid base assembly. No deterioration or damage was
observed in the coil housing or the coil. ' ' o

7.5.13 . ASCO SOV 6096—14 (NP8314) Accelerated Aging with Nitrogen Process
Medium, Irradiated, Exposed to MSLB/LOCA

The coil housing was rusted.' There was evidence of moisture intrusion inside
the housing. The silicone grease that was used to coat the interfaces between
the upper flux washer and the housing cover and between the bottom of the
solenoid base and the housing assembly had congealed into a gasket-like
configuration. The plugnut O-ring was intact. The RIV used to seal the
electrical lead penetration to the housing was intact up to the entrance of
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the coil area and appeared to have sealed properly, indicating that the
moisture which entered the housing had done so by way of the solenoid base or
plugnut penetrations. The upper fiber washer on the coil had obviously been
wet and the coil was still moist. The solenoid base subassembly was corroded
in the vicinity of the coil. Some moisture was found in the base of the coil
housing.

The valve body was heavily blackened on the inside and outside. The inside of
this valve body had signs of moisture intrusion. The EPDM core disc had a
very slight compression set in the vicinity of the valve seat. The top of the
core assembly had signs of the film that had previously caused sticking during
aging. The body gasket O-ring was intact, but had taken a compression set.

It remained somewhat pliable.

7.5.14 Valcor SOV 6096-25 New

The elastomeric materials of this SOV were all pliable. The body and solenoid
base gaskets had all taken the shapes of their cavities, but were resilient.
No coil damage was noted.

7.5.15 Valcor SOV 6096-27 New, Irradiated

The solenoid base O-ring (see Figure 3) was pliable, but was flattened at the
interface with the solenoid housing. The body O-ring was also reasonably
pliable, but was squared as a consequence of a compression set where it met
the body. Throughout the internal portions of the valve there was evidence of
a white powder, which may have been from the silicone grease used to lubricate
the O-rings. The upper and lower seat—guide O-rings were squared as a conse-
quence of compression set where they met with the solenoid base and wvalve
body. Both were reasonably soft and pliable. The shaft seal O-ring was
pliable: however, it sgplit during removal. The seal assembly upper O-ring had
taken a compression set but was soft and pliable. The lower seal assembly
O-ring had flared to take the shape of the lower valve seat; it remained soft

and pliable. Heavy deposits of silicone grease were evident on all of the
internal O-rings.

7.5.16 Valcor SOV 6096-26 New, Irradiated, Exposed to MSLB/LOCA

This valve was disassembled in the presence of NRC, Valcor. and Equipment
Qualification Advisory Group representatives. The solenoid base O-ring was
squared where it met with the solenoid housing as a consequence of compression
set; it remained slightly pliable. The body O-ring was slightly pliable, but
some shreading was noted where it passed the threads of the base. The shaft
seal O-ring broke during removal; it was soft but not pliable. The upper seat
guide O-ring had deteriorated., was not pliable, and broke during removal. The
lower seat guide O-ring had fine cracks around its entire circumference and
was not pliable. Portions of the upper and lower seal assembly O-rings (the
valve seats) were missing. The remainder of these O-ring segments were
severely compressed. The portions of the O-rings between the brass portions
of the assembly were somewhat pliable.



The coils of the Valcor valves were potted to the coil housing at the time of
manufacture and were not removable. Therefore, complete visual inspec-

tion was not possible. No significant problems were noted on the areas that
could be observed. ’

7.5.17 Valcor SOV 6096-19 Naturally Aged

The body O-ring was intact and pliable. The solenoid base O-ring was pliable
and soft. The upper seal assembly O-ring was pliable and soft, but had taken
a slight compression set with respect to its seat. The lower seal assambly
O-ring had become extremely flattened in its seat. The cage assembly had
deposits of dirt or carbon on the cage assembly and upper seat. The seat
guide upper and lower O-ring were pliable and soft and had some residual ‘
silicone grease on them. The area where the shaft seal O-ring rides in the
seat guide was coated with carbon-like material that most likely came from the
shaft seal O-ring. The stainless steel shaft was also coated with the
material. The shaft seal O-ring was squared but was soft and pliable and
could be removed. ‘

7.5.18 Valcor SOV 6096-20 Naturally Aged, Irradiated

The body O-ring had squared where it met the body, but was pliable. The
solenoid base O-ring had squared with a compression set where it fits with the
housing, but was reasonably pliable. The upper seat guide O-ring nad taken
and retained a shape square where it met with the solenoid base assembly.
However, it was soft and pliable. The lower seat guide O-ring was in the same
condition. The lower seal assembly O-ring was flared and flattened with heavy
deposits of material on the seat assembly. The upper seal assembly O-ring had
also become significantly flattened as a consequence of compression in its
seat but was reasonably pliable. The upper seal assembly O-ring was much
harder than the lower assembly O-ring. No unusual conditions were observed on
the coil.

7.5.19 Valcor SOV 6096-21 Naturally Aged, Irradiated, Exposed to MSLB/LOCA

The cross section of the body O-ring had become square where it mates with the
valve body, but was still pliable. The solenoid base O-ring was in a similar
condition, but the surface material had smeared onto the solenoid housing
surface. The upper and lower seat guide O-rings were squared and no longer
pliable. The shaft seal O-ring had completely deteriorated and only residual
material was observed to be on the shaft surrounding the slot and on the inner
surface of the seat guide of the cage assembly. This material caused the
ghaft to be partially bound and required considerable force to cause it to
move.

The upper and lower seal assembly O-rings were highly compressed and no longer
pliable. The upper and lower seat guide O-rings were deteriorated and
crumbling, and were not pliable.

The lead penetrations for the coils of the naturally aged Valcor SOVs had been

potted with a Scotchcast material. This material had totally deterio- rated
.on Valve 6096-21 and only blackened, crumbly residue remained.
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Upon removal of this valve from the MSLB/LOCA test chamber, it was noted that
the cover on the condulet that formed the penetration seal for test purposes
had popped off.* This most probably was caused by expansion of the RTV
sealing compound contained in the condulet. It was also noted that red
material had wept from the side of the condulet. The material was determined
to be sealant from the Raychem heat shrink tubing used to cover the test lead
splices. Apparently, during the MSLB/LOCA exposure, the Raychem sealant
material tried to expand but was restrained at the ends of the tube by the
RTV, causing the side of the seat shrink tube to burst and, in turn, split
open. Because there was an electrical short with a resistance of 16 to 44 &
in the circuit of this SOV, the RIV was removed from the lead penetrations.

No shorts were found in the leads, and the Raychem cover splices were found to
have gocd insulation resistance, even though split. The short was verified as
being within the coil.

7.5.20 Overall Results of Teardown Evaluations

Based on the visual examinations, the effects of natural and accelerated
thermal aging were relatively minor compared to the effects of the MSLB/LOCA
exposure. For the ASCO NP8314 valves, the coil housing admitted water even
though the electrical penetration was well sealed. The entry of water
apparently led to coil deterioration on SOVs 6096-8, -14, and -15. Some
moisture entered the housing of SOV 6096-3 (type HIX8314) but did not result
in failure of the coil. While there was deterioration of the elastomeric
parts of the ASCO SOVs that were exposed to the MSLB/LOCA simulation, the
deterioration did not appear to be sufficient to prevent functioning, no matter
which process medium or material was involved. The problems encountered with
ASCO SOVs during the MSLB/LOCA simulation were probably attributable to coil
deterioration.

The internal condition of the Valcor valves that were exposed to the MSLB/
LOCA provided insight with regard to functional failure during the MSLB/LOCA
and post-LCOCA testing. The coil of Valve 6096-21 definitely had shorted. The
fact that the shaft seal O-ring had deteriorated and coated the shaft and
guide tube, causing them to bind, explained why changing the coil during post-
LOCA functional testing did not restore valve operability. The loss of
fragments of the seal assembly O-ring on Valve 6096-26 explains the excessive
leakage: the remaining hardened seal assembly O-ring material prevented
closure of the parts.

7.6 Discussion of Material Test Results

The organic materials of the SOVs were tested to determine their mechanical
properties so that the extent of deterioration of specimens exposed to
different segments of testing could be compared. The tests were: Shore "A"
durometry for evaluation of hardness; tensile testing of O-rings to determine
elongation at break:; and controlled rate compression of ASCO core discs to
evaluate modulus of elasticity and relaxation properties. The data that follow
should be evaluated in conjunction with functional test results. Although the

*The condulet covers had popped off of all the SOVs subjected to the MSLB/LOCA
simulation except the ASCO SOV with 8 y of in-plant service (SOV 6096-3).
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materials data makes it appear that some components of the specimens failed,
the SOVs may have nonetheless performed adequately during the MSLB/LOCA
simulation.

7.6.1 Shore "A" Durometry Test Results

A Shore "A" durometer was mounted on a laboratory test stand so that it was
fixed in position as shown in Figure 12. A set of laboratory weights was then
used to calibrate the durometer in accordance with paragraph 23.1.4 of ASTM
D2240-75. Following calibration, the durometer was placed over one pan of a
double pan chemical balance, and an O-ring fixture was placed on the pan. The
indentation point of the durometer was positioned to touch the surface of the
test fixture while being balanced with weights on the opposite pan. After
positioning the elastomeric test material (0O-ring or core disc) on the fixture
"and allowing the indentation point to touch the elastomer, a 1l-kg weight was
placed on the opposite pan and the durometer was read immediately.

7.6.1.1 ASCO SOV Durometry

Durometry measurements were performed on the plugnut gasket O-rings, body
gasket O-rings, and the core discs of each of the ASCO SOVs. Tables 10 and 11
provide the results for body and plugnut gasket O-rings. Tables 12 and 13
provide the results for the core discs. The data in these tables probably
reflect some variability in the durometry of new O-rings or discs. Not 2ll of
a particular type of O-ring were identical at the start of the test, and base
data could not be taken without disturbing the condition of the valves.

Because of their location in the valve, the plugnut O-rings are not affected
by differences in the process medium. They are directly at the top of the
coil housing and do experience much of the coil temperature rise. The plugnut
O-ring of SOV 6096-6 (NP8314) that was in service for 1.5 years was somevhat
harder than the unaged SOV 6056-16 (NP8314) {(durometer 80 wvs 75). Durometer
readings for the plugnut O-rings with accelerated aging equivalent to 1 year
(6096-9 and 6096-17) were slightly lower than the values for the unaged O-ring
(6096-16) (72 and 74 vs 75). These differences may be attributable to
differences in O-ring materials or to the possibility that the accelerated
aging is not fully representative of natural aging. Both of the plugnut
O-rings that were irradiated and had accelerated aging (6096-15 and -13) were
significantly harder than either the SOVs with accelerated aging or new SOVs;
they had durometer readings of 89 and 90. In all of the SOVs exposed to the
MSLB/LOCA (6096-8, -14, and -15), plugnuts were hard, but not necessarily
significantly harder than the irradiated O-rings, indicating that irradiation
caused most of the hardening.

The body gasket measurements for the HTX8314 SOVs that were naturally aged
for 8 years with air as the process medium shovved little change in hardness,
with readings of 98, 96, and 97. It appears that 8 years of service caused
the hardening, and the irradiation and MSLB/LOCA exposure had little addi-
tional effect. The 1l.5-year natural aging of the body gasket O-ring from SOV
6096-6 caused little change from the new specimen. However, 1.5 years of
natural aging followed by irradiation (SOV 6096-7) did cause hardening.
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Table 11. Shore "A" Durometer Measurements on O-rings of
Naturally Aged ASCO SOVs

Durometer Reading*

Specimen Model Condition 0-Ri Plugnut O-Ring
6096-16 NPg314 Unaged 76 75
6096-6 NP8314 Naturally Aged (1.5 y) 73 80
6096-7 NP8314 Naturally Aged (1.5 y). 82 Too damaged
Irradiated to Accident to test
Dose
6096-8 NPg314 Naturally Aged (1.5 y), 82 96

Irradiated to Accident
Dose, Exposed to MSLB/LOCA

6096-1 HTX8314 Naturally Aged (8 y) 98 Too
damaged to
test

6096-2 HTX8314 Naturally Aged (8 y), 96 Too

Irradiated to Accident damaged
Dose ‘ ’ to test
" 6096-3 HTX8314 Naturally Aged (8 y). 97 Too
Irradiated to Accident damaged
Dose, Exposed to MSLBE/LOCA to test

*Each reading is an average of three measurements.
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Table 12.

Specimen Model

6096-16 NPB8314
6096-9 NP8314
6096-10 NP8314
6096-15 NP8314
6096-12 NP8314
6096-13 NP8314
6096-14 NP8314

with Accelerated Aging

Shore "A" Durometer Measurements on O-rings of ASCO SQVs

Durometer Reading*

Condition Body O-Ring Plugnut O-Ring
Unaged 76 75
Thermally Aged in Too damaged 72
Air to test
Thermally Aged in Too damaged 89
Air, to test
Irradiated to
Accident Dose
Thermally Aged in Too damaged 94
Air, to test
Irradiated to
Accident Dose,

Exposed to MSLB/LOCA

Thermally Aged 85 74
in Nitrogen

Thermally Aged 83 90
in Nitrogen,

Irradiated to

Accident Dose

Thermally Aged 85 91

in Nitrogen,
Irradiated to
Accident Dose,
Exposed to MSLB/LOCA

*Each reading is an average of three measurements.
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Sgécimen
6096-16
60966

60967
6096-8
6096-1
6096-2

6096-3

Table 13.

Model
NP8314
NP8314

NP8314

NP83141

HTX8314

HTX8314

HTX8314

Condition
Unaged
Naturally Aged (1.5 y)

Naturally Aged (1.5 y),
Irradiated to Accident Dose

Naturally Aged (1.5 y).
Irradiated to Accident Dose,
Exposed to MSLB/LOCA

Naturally Aged (8 y)

Naturally Aged (8 y).
Irradiated to Accident Dose

Naturélly Aged (8 y), -
Irradiated to Accident Dose,
Exposed to MSLB/LOCA

*Each reading is an average of three measurements.
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Shore "A" Durometer Measurements on Core Discs of
Naturally Aged ASCO SOVs

Durometer Reading®*

82
83

87
86
90 (Bunz N)
92 (Buna N)

93 (Buna N)



Specimen
66096-16

6096-9

6096-10

6096-15

6096-12

6096-13

6096-14

Table 14. Shore "A" Durometer Measurements on Core Discs
of ASCO SOVs with Accelerated Aging

Model
NP8314
NP8314

NP8314

NP8314

NP8314

NPB8314

NP8314

Condition
Unaged
Thermally Aged in Air

Thermally Aged in Air,
Irradiated to Accident Dose

Thermally Aged in Air,
Irradiated to Accident Dose,
Exposed to MSLB/LOCA

Thermal Aged in Nitrogen

Thermally Aged in Nitrogen,
Irradiated to Accident Dose

Thermally Aged in Nitrogen,
Irradiated to Accident Dose,
Exposed to MSLB/LOCA

*Each reading is an average of three measurements.
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Again, little further hardening occurred when the MSLB/LOCA exposure was
added. The l-year thermal aging with air as the process medium for the ASCO
NP8314 SOVs caused sufficient damage to all of the body gasket O-rings (SOVs
6096-9, -10, and ~15) that they could not be removed from the SOV for testing.
However, it should be remembered that body lezkage was not observed on any of
these SOVs during functional tests.

The l-year accelerated thermal aging of the NP8314s (SOVe 6096-12, -13, and
-14), with nitrogen as a process medium, caused uniform hardening of the body
O-rings, which did not change significantly with the addition of irradia-
tion or MSLB/LOCA exposure. The comparison of the results of accelerated
thermal aging with air and nitrogen as the process medium indicates that air
caused more hardening than nitrogen. However, both sets of wvalves performed
properly under functional testing.

The core disc results (Tables 12 and 13) indicate that natural thermal aging
for 1.5 years caused little hardening of the core disc, that irradiation
caused significantly more hardening, and that MSLB/LOCA exposure caused little
additionzl hardening. It is interesting to note that the results for the SOVs
with nitrogen as the process gas and 1 year of accelerated aging were very
similar to the results for SOVs with 1.5 years of natural aging. However, the
results for the SOVs with 1 year of accelerated aging and air as the process
medium (SOVs 6096-9, -10, and -15) show that the bulk of the hardening is
associated with the thermal aging and that there is little change from the
addition of irradiation and MSLB/LOCA exposure. The naturally aged HTX8314
SOVs behaved similarly, with the hardening remaining constant following
natural aging. However, cross-comparison with other valves should be limited
because these valves have Buna-N core discs, whereas all of the others have
EPDM core discs.

Overall, the hardness measurements indicate that the accelerated aging of the
core disc and body O-ring with air as the process medium causes more hardening
than the use of nitrogen as the process medium, but not enough to affect
functional capability.

7.6.1.2 Valcor Durometry

Tables 14 and 15 provide the durometry measurements for the Valcor SOVs. The
seal assembly O-rings mate with the seats to stop process flow during
operation. The shaft seal O-ring is a dynamic seal that moves with the
solenoid core. The seat guide assembly O-rings are static seals that prevent
process medium flow from cavity to cavity within the valve body. The body
O-ring prevents body leakage of the process medium. The solenoid base O-ring
provides a lower seal for the coil housing from the outside environment. The
O-rings of highest importance to operation are the seal assembly O-rings and
the shaft seal O-ring. The next highest in importance are the static seals
that prevent internal and external leakage.

Table 14 compares results from the naturally aged SOV with those of the unaged
specimen. According to discussions with Valcor, it is possible that the
O~rings in the unaged and naturally aged SOVs were produced by different
manufacturers and may have had somewhat different properties. As a minimum,
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Table 15. Shore "A" Durometer Measurements for Naturally Aged Valcor Valves

Durgmeter Reading(2)
—Seat Guide Solenoid
Upper Lower Base Body Upper 0-Ring Lower O-Ring Shaft Seal
Specimen Condition 0-Ring 0-Ring 0-Ring =Ri —_{Seat) {Seat) =R{
6096-25¢2}  Unaged 77 73 75 78 n 73 72
6096-19 Naturally Aged (5 y) 70 74 60 75 76 79 69
6096-20 Naturally Aged (5 y), 75 74 {d) 75 80 93 n
Irradiated to
Accident Dose
6096-21 Naturally Aged (5 y), (c) (c) (c) {c) 89 89 (e)
Irradiated to
Accident Dose,
Exposed to MSLB/LOCA
a. Each reading is an average of three measurements.
b, This SOV was manufactured in 1986; data are provided for comparison to naturally aged SOVs that were manufactured
in the 1980 time frame.
c. Too deteriorated to test.
d. No data available.
e. O-ring deteriorated completely.
Table 16. Shore "A" Duyrometer Measurements for Initially New Valcor Valves
Durometer Reading(3)
Seat Guide Solenoid
Upper Lower Base Body Upper 0-Ring Lower 0-Ring Shaft Seal
6096-25 Unaged 77 73 75 78 7 73 72
6096-27 Unaged, Irradiated 80 78 80 79 81 81 77
to Accident Dose
6096-26 Unaged, Irradiated Broken and Cracked and 74 72 a3 85 Broken and
to Accident Dose, deteriorated deteriorated deteriorated

Exposed to MSLB/LOCA

a. Each reading is an average of three measurements,




they are from different manufacturing batches. The shaft seal O-rings show
little difference among a new SOV (6096-25), one naturally aged for S5 years
(6096~19), and one thermally aged and irradiated (6096-20). However, the
MSLB/LOCA exposure caused sufficient damage that the shaft seal O-ring on SOV
6096-21 became totally deteriorated and fragmented. Curiously, the lower seal

. assembly O-ring on the naturally aged and irradiated SOV (6096-20) had

hardened significantly when compared to the naturally aged SOV (6096-19) and
unaged SOV, but similar hardening did not occur until after the MSLB/LOCA
exposure on the upper seal assembly O-ring of SOV 6096-21.

The shaft seal O-ring on the new, irradiated SOV (6096-27) was slightly harder
than that on the new SOV. The shaft seal O-ring on the SOV exposed to a
MSLB/LOCA simulation was too fractured and deteriorated to test. The
hardening of the upper and lower seal assembly O-rings occurred in an orderly
fashion on the new SOV (6096-25), irradiated SOV (6096-27), and new SOV that
was irradiated and exposed to a MSLB/LOCA simulation (6096-26). The hardening
of this O-ring caused by the MSLB/LOCA was less than the effect on the
naturally aged O-rings, as judged by the amount of hardness change from the
unaged to naturally aged condition.

Some hardening of the remaining O-rings occurred during aging and irradi-
ation, but the most significant damage appeared to occur from MSLB/LOCA expo-
sure, when most O-rings deteriorated to the point at which they could not be
removed for testing.

7.6.2 Tensile Test Results

ASTM D1414-78 guidelines were followed in conducting the tensile tests. The
tests were performed using an Instron Model 1125 Universal testing machine
operated at a crosshead speed of 20 in/min. Each O-ring was positioned on
appropriately sized hooks and stretched until broken. The tensile force was
plotted continuously as a function of elongation by a recorder which was wired
to the testing machine's load cell, ’

7.6.2.1 Tensile Test Results for ASCO SOV O-Rings

Tables 17 and 18 provide the results of the tensile tests of the ASCO valve
O-ring. The ultimate elongation at break is given in percent for each
O-ring. Only the body gasket O-ring was exposed to the process medium,

For the NP8314 SOVs naturally aged for 1.5 years, a small loss of elongation
at break occurred from thermal aging. A significantly larger loss occurred
from irradiation (see Table 16). For the plugnut O-ring, the damage was
sufficient to cause failure during removal from the SOV. For the.body O-ring,
only a small additional loss of elongation occurred from the MSLB/LOCA
exposure, The combination of exposures to the plugnut O-ring on SOV 6096-8
caused it to lose pliability to the extent that it cracked on the testing rig
prior to extension.

All of the O-rings on the HTX8314 SOVs naturally aged for 8 y failed either

during removal or prior to extension on the test rig. However, all were
intact and performing their function in the SOVs.
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Table 17. Ultimate Elongation-at-Break Measurements
for ASCO Naturally Aged SOVs

Ultimate Elongation at Break (%)

Specimen Model Condition '~ Body O-Ring Plugnut O-Ring
6096-16 NP8314 Unaged 246 224
6096-6 NP8314 In Service 1.5 y 226 189

Plus 2000 Cycles

6096-7 NP38314 In Service 1.5 vy, 65 (a)
2000 Cycles,
Irradiated to Accident
Dose

6096-8 NP8313 In Service 1.5 vy, 50 (b)
2000 Cycles,
Irradiated to Accident
Dose, Exposed to
MSLB/LOCA

6096-1 (c) HTX8314 In Service 8 y (b) {a)
Plus 2000 Cycles

6096-2 (c) HTX8314 In Service 8 vy, (b) {a)
2000 Cycles,
Irradiated to Accident
Dose

6096-3 (c) HTX8314 In Service 8 y. (b) (a)
2000 Cycles,
Irradiated to Accident
Dose, Exposed to MSLB/LOCA

a. Failed during removal from SOV.
b. Failed on test rig prior to elongation.
c. Buna-N seals.
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Table 18. Ultimate Elongation-at-Break Measurements
for ASCO NP§314 SOVs with Accelerated Aging

Ultimate Elongation at Break (%)

Specimen Condition Body 0-Ring Plugnut 0-Ring (b)
6096-16 Unaged | 246 - 224
6096-9 Thermally Aged with Air (a) ’ '203

as Process Medium

6096-10 Thermally Aged with Air {a) 16
‘ as Process Medium, ; : ‘
Irradiated to Accident Dose

6096-15 Thermally Aged with Air (a) 3
- as Process Medium, ’ :
Irradiated to Accident Dose,
Exposed to MSLB/LOCA

6096-12 Thermally Aged with Nitrogen 168 181
as Process Medium, '

6066-13 Thermally Aged with Nitrogen 47 (a)
as Process Medium,
Irradiated to Accident Dose

6096-14 Thermally Aged with Nitrogen 22 (a)
- as Process Medium,
Irradiated to A:cident Dose,
Exposed to MSLE/LOCA

a. Failed during removal from SOV.
b. Not exposed to process medium.
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The accelerated thermal aging of the NP8314 SOVs with air as the process
medium caused a condition similar to that of the O-rings in the HTX8314
SOVs:;all of the body O-rings failed during removal from the SOVs but were per-
forming their function while in the SOVs. The plugnut O-rings of these SOVs
experienced a small loss of elongation from thermal aging, a large loss due to
irradiation, and a small loss from the MSLB/LOCA exposure.

The thermal aging with nitrogen as the process medium was much less damaging
than that of air for the body O-ring (6096-12). A large change again occurred
during irradiation (6096-13), with a smaller change from the MSLB/ LOCA
simulation. For SOVs 6096-12, -13, and -14 (nitrogen as process medium), the
deterioration of the plugnut O-rings from the various segments of the test was
very similar to that of the set (6096-9, -10, and -15) with air as the process
medium (i.e., the elongation of O-rings that failed during removal was
probably not significantly different from the values of 3 and 16% obtained for
those that did not fail during removall}.

The results of the tensile tests for the body O-rings of the ASCO SOVs with
air as the process medium and accelerated aging were similar to those of the
HTX9314 SOVs that were 8 years old. The results for the SOVs with nitrogen as
the process medium were similar to those for the SOVs with 1.5 years of
natural aging. This shows that accelerated aging with air is more severe than
with nitrogen. However, there was no effect on the functional capability of
the SOVs. All of the organic materials performed their required function
during the MSLB/LOCA simulation.

7.6.2.2 Tensile Test Results for Valcor SOV O-Rings

Tables 19 and 20 provide the elongaticon-at-break data for the Valcor SOVs.

The shaft seal O-ring on the naturally aged SOV (6096-19) actually had some-
what greater elongation than the new SOV (6096-25) (i.e., 268% vs 253%).
Irradiation of the naturally aged SOV (6096-20) caused a sharp loss in elonga-
tion capability, and the addition of MSLB/LOCA exposure caused total deteriora-
tion of the O-ring. Irradiation of a new SOV without thermal aging caused
deterioration to the point where the O-ring was intact in the SOV, causing no
functional problems, but could not be rolled out of its slot without being
split. MSLB/LOCA exposure coupled with irradiation caused some further
deterioration that did not affect the O-ring's function, but again prevented
removal for testing.

The upper and lower assembly O-rings on the naturally aged SOVs (6096-19, -20.
and -21) reacted quite differently until the MSLB/LOCA exposure. The natural
aging had little effect on the upper seal assembly O-ring., but seems to have
had a larger effect on the lower O-ring. (The lower O-ring may have been cut
or damaged at some time, which would greatly affect the elongation
measurements.) Irradiation of the naturally aged SOVs caused a large change
in both the upper and lower seal assembly O-rings, with the lower O-ring
having practically zero elongation. The addition of the MSLB/LOCA exposure
essentially eliminated the remaining elongation of the upper O-ring, so that
after all exposures the upper and lower O-rings had nearly zero elongation
capability left.

-66-



-G~

Specimen
6096-25
6096-27

609626

Table 19.

Conditi
Unaged

Unaged, Irradiated
to Accident Dose

Unaged, Irradiated

-to Accident Dose,

Exposed to MSLB/LOCA

Elongation-at-Break Measurements for Initially New Valcor Valves

Uit

Seat Guide Solenoid
Upper Lower Base
~Rj 0-Ring O-Ring
201 220 152"
56 52 27
Too deteri- 0(b) 27
orated to
test

Body

205
56

38

=3t~ )
Upper 0-Ring Lower O-Ring
(Seat) {Seat)
223 252
69 81
61 P

Shaft Seal

253

Split during
removal

Too deteri-~
orated to
test

a. This SOV was manufactured in 1986: data are provided for comparison to naturally aged devices that were manufactured
in the 1980 time frame.

b. Fractured on testing machine prior te elongation.

Specimen

6096-25{a)’

6096-19
6096-20

6096-21.

Table 20.

41
_Seat Guide Solenoid
Upper Lower Base
Condition =Ri 0-Ring _O=Ring_
Unaged . 201 220 152
Naturally Aged (5 y) 191 166 N
Naturally Aged (5 y), 58 15 43
Irradiated to
Accident Dose o
Naturally Aged (5 y), Too deteri- 4 oib)
Irradiated to orated to
Accident Dose, test

Exposed to MSLB/LOCA

Body

205
190
55

36

)

Elongation-at-Break Measurements for Naturally Aged Valcor Valves

——Seal A:
Upper O-Ring
—{Seat)

223
. 226
83

16

ssembly
{ower O-R1ng
—i{Seat)

252

132
o(b)

17

Shaft Seal
—QO=Ring _

253
268
70

Too deteri-
orated to
test

a. This SOV was manufactured in 1986; data are provided for'comparison to naturally aged devices that were manufactured
in the 1980 time frame.
b. Fractured on testing machine before elongation.



The upper and lower seal assembly O-rings of the initially new SOVs (6096-27
and -26) behaved similarly: irradiation caused a large loss in elongation.
However., there was no marked change in elongation from addition of the
MSLB/LOCA exposure.

The remaining O-rings in the Valcor SOVs, i.e., those that provide static
seals, behaved similarly to each other. Irradiation caused the largest loss
of elongation, whether the SOVs were naturally aged or unaged. Following
accident exposure, all had either totally lost their elongation capability or
retained only a small fraction of it. It should be noted that the body
O-ring, which seems to have retained its elongation best, is the best shield
from air and the environment.

7.6.3 ASCO Core Disc Compression Tests

Table 20 summarizes the compression test results for the core disc assemblies
of all of the ASCO valves in the program. The core discs were removed from
the core assemblies by cutting through the core metal just above the disc so
that the discs could be removed without damaging them. Each disc was then
placed on an Instron tester and compressed between two flat plates at a rate
of 0.1 in/min until a force of 500 1b was reached. The compression was then
stopped., and the Instron plates were held at that position and the drop in
force was measured as the disc material relaxed. The diameter of the discs
was 0.37 in; the height was 0.28 in. The peak compression stress was approxi-
mately 4500 1b/in2., The test was performed in an attempt to gain further
insight with respect to the compressibility and stress relaxation of the disc
material as a consequence of compressive loads (i.e., seating on the valve).
The travel of the moving plate required to reach the 500-1b force load was
recorded for each specimen. As stress relaxation occurred, the force was

measured at 15 s, 30 s, 60 s, and 7 min, at which time the force had become
reasonably stable.

For the unaged SOV (6096-16). the disc had to be compressed to less than half
its thickness (0.17 in of compression) to reach the 500-1b force. The rate of
relaxation was rather fast, with the force dropping to 405 1b within 15 s.
Natural aging caused an apparent hardening of the disc of SOV 6096—6, but its
relaxation was similar to that of the unaged disc. With irradiation added,
the naturally aged disc of SOV 6096-7 hardened further and less stress
relaxation occurred. The addition of MSLB/LOCA exposure caused little
additional change in compressibility or relaxation.

The results of the compression tests for the SOVs with nitrogen as a process
medium (6096-12, -13, and -14), in which 1 year of accelerated aging was
simulated, were very similar to those for the SOVs with 1.5 years of natural
aging.

The results of the compression tests for the SOVs with air as the process
medium indicated that more deterioration occurred with air (instead of nitro-
gen) as the process medium during accelerated aging and MSLB/LOCA exposure.

7.6.4 Summary of Physical Property Measurements

Analysis of the effect of real or simulated service and accident simulation on
the properties of the elastomeric parts of the SOVs was subject to the
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Code: - Specimen No.

. Depth of compress

ton (in) at peak force of 500 1b,

Relaxation force (1b) at 15 s, 30 s, 60 s, and 7 min.

. Unaged

Aged only

Aged and Irradiated
to Accident Dose

Aged, Irradiated -

_to Accident Dose, and
Exposed to MSLB/LOCA

6096-16
0.17

- 405, 385, 370, 340

- Naturally Aged.

6096-6

0.14
405, 395, 380, 350

6096-7

0.10 -
430, 420, 405, 380
6096-8

0.1 . :
435, 420, 410, 380

Naturaily Aged,
8 y (HTX8314)

6096-1
0.10 oL
410, 395, 380, 340

. 6096-2

0.12

420, 410, 400, 370
6096-3 |
0.05

365, 345, 325, 275

Table 21. Depth of Compression and Relaxation Data for ASCO Core Discs

Accelerated Aging, 4 y
~Air Process Medium

6096-9

0.13

390, 370, 350, 305
6096-10 '
0.08

430, 420, 210, 380
6096-15

- 0.08
' 420, 400, 385, 350

Accelerated Aging, 4 y
Nitrogen Process Medium

6096~12
0.14
400, 380, 365, 335

609613

0.1

420, -410, 395, 365
6096-14 '

0.10 ‘
425, 410, 395, 365




following limitations: for a particular part, the progressively increased
severity of stressing was applied not to the same part but to equivalent parts
in different SOVs, and for each combination of part and stress history there
was only one specimen. Consequently, the data were subject not only to
measurement errors but also the scatter caused by intrinsic differences among
the SOVs and their parts.

7.6.4.1 Hardness of ASCO SOV Parts

On ASCO SOVs, 1.5 y of service appeared to cause little hardening of the body
O-ring; irradiation increased the hardness, but the MSLB/LOCA exposure had
little further effect. Eight years of service did produce noticeable
hardening of the body O-ring: but in this case neither irradiation and the
MSLB/LOCA exposure had significant effect on hardness. Most of the plugnut
O-rings from the naturally aged SOVs were too damaged to be tested.

Hardness measurements on the body O-rings from the ASCO SOVs showed an
increase in hardness due to accelerated thermal aging with nitrogen as the
process medium, but no further effect due to irradiation or the MSLB/LOCA
exposure. The body O-rings from the SOVs that had been tested with air as the
process medium were too damaged to permit hardness measurements. In the case
of the plugnut O-rings, thermal aging appeared to have little effect on
hardness, independently of whether air or nitrogen was the process medium.
This observation is consistent with the fact these O-rings are not exposed to
the process medium and their position makes them less sensitive to heat from
the coil. However, irradiation did cause a significant increase in hardness.

The effect of natural aging on the ASCO core discs was similar to the effect
on the body O-rings, i.e., little effect after 1.5 y of service but noticeable
hardening after 8 y of service. Irradiation appearad to produce a small
increase in hardness of the core disc from the SOV with 1.5 y of natural
aging, and an even smaller hardness increase (comparable to the experimental
accuracy) in the case of the SOV with 8 y of natural aging. In both cases,
the MSLB/LOCA exposure appeared to have negligible effect.

With accelerated thermal aging, there was no noticeable change in the ASCO
core disc hardness with nitrogen as the process medium, but there was a
significant increase with air as the process medium. In the latter case,
irradiation and the MSLB/LOCA exposure did not have significant additional
effect, but in the former case (i.e., nitrogen process medium) irradiation
caused an increase in hardness and the MSLB/LOCA exposure had no noticeable
effect.

Irradiation of the Valcor SOVs produced negligible to substantial increase in
hardness, the largest increase (from a Shore "A" durometer of 79 to 93)
occurred in the naturally aged SOVs.

Most of the O-rings deteriorated during the MSLB/LOCA exposure to the point
that post-MSLB/LCCA measurements were impossible. The seal assembly O-rings
retained their integrity through the MSLB/LOCA exposure, with the hardness
increasing as much as 10%; but the pattern of increasing hardness was clouded
by the observation of lower hardness, after the MSLB/LOCA exposure, in the
case of the lower seal assembly O-ring of the naturally aged SOV. The
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golenoid base and body O-rings of the initially riew SOVs also retained their
integrity; but these likewise exhibited a reduction of hardness by about 10%
during the MSLB/LOCA exposure.

Although the hardness of elastomeric parts in the ASCO SOVs was affected in
various ways by years of service, thermal aging, process medium, and
irradiation, there was usually no significant effect due to the MSLB/LOCA
exposure. The hardness changes did not affect the functional capability.

7.6.4.2 Elongation of ASCO SOV Parts

The effect of service and test stresses on the ultimate elongation at break
was much greater than the effect on hardness. For ASCO SOVs, either

- accelerated thermal aging in air or 1.5 y of service reduced the elongation of
the EPDM O-rings by 10% to 15%; however, one O-ring failed during removal from
the SOV. After thermal aging with nitrogen as the process medium, the
elongation of the EPDM O-rings was 20% to 30% less than the elongation of the
O-rings in the new SOVe. The elongation of the body O-ring exposed to air
during accelerated aging was essentially zero, the O-ring being too fragile to
be removed from the specimen without destroying it. After irradiation and
exposure to the MSLB/LOCA simulation the elongation was greatly reduced, the
highest value being about 1/4th the original value and essentially zero (i.e.,
too deteriorated to measure) in several cases. For the SOVs with Buna-N,
seals, 8 y of service plus 2000 cycles caused the O-rzngs to become too
fragile for measurement. :

7.6.4.3 Elongat:on of Valcor SOV Parts

Evaluation of the data for ultxmate elongat:on at Break for Valcor SOVs was
complicated by the fact that the O-rings of naturally-aged SOVs and the other
SOVs came from different batches, and possibly from different manufacturers.
In some cases the elongation of O-rings from naturally-aged SOVs was as much
as 50% lower than the elongation of O-rings from new SOVs; but in other cases
there was either no significant difference or the difference was in the
opposite direction. Irradiation caused large decreases in elongation, whether
applied to new SOVs or the naturally-aged SOVs. In practically all cases, the
MSLB/LOCA exposure caused further decrease in elongation; in a few cases the
O-rings were too deteriorated for elongatzon measurements following. the
MSLB/LOCA exposure.

7.6.4.4 Compression/Relaxation of ASCO Core Discs

The compression/relaxation measurements indicated that the ASCO core discs
became less compressible after various environmental exosures: however, they
retained their ability to flow under load and take the shape of the valve seat.

After thermal aging, SOV 6096-9 had greater stress relaxation than the
naturally aged SOVs or the SOVs with nitrogen as the process medium. 2 more
drastic hardening occurred during irradiation (SOV 6096-10). The hardening
did not change due to the MSLE/LOCA exposure. Stress relaxation decreased
after irradiation, then increased somewhat after the MSLB/LOCA simulation.

The Buna-N core discs of the HTX8314 SOVs (6096-1, -2, and -3) responded
differently from the EPDM seats of the NP8314 SOVs (6096-6, 7, 8).
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Irradiation of the SOVs softened the Buna-N disc seats, but decreased the
relaxation slightly. The MSLB/LOCA exposure caused significant hardening, and
the stress relaxation increased substantially.

The results of these tests are not highly definitive. However, they indi-
cate that, while the materials become less compressible (i.e., deform less
when loaded) after the various environmental exposures, they retain their
ability to adjust their shape. That is, they flow under load, and are thereby
able to take the shape of the valve seat, which is one requirement to provide
a seal.

7.6.5 Properties of Critical Parts

The somewhat complex account of the effect of plant service and test stresses
on physical properties of the elastomeric parts can be simplified by focusing
on the critical parts. 1In Table 22, the hardness measurements are summarized
for the critical parts: the ASCO core discs and ‘the Valcor shaft seal
O-rings. A similar summary of elongation data is given in Table 23; however,
since slongation measurements could not be made on the ASCO core discs, data
are given for the ASCO bedy O-rings instead.

The core disc data show that accelerated thermal aging with air as the process
medium caused an increase in hardness to the level observed in SOVs that had
been in service for 8 y. With nitrogen as the process medium, there was no
noticeable hardening due to thermal aging. Irradiation caused hardness to
increase slightly, except that a larger increase occurred in the SOVs aged
with nitrogen as the process medium. It appears that radiation has less
effect if hardness has already been increased by the prior stress history.

The MSLB/LOCA exposure had no significant effect on hardness.

The pattern of hardness changes caused by service stresses and radiation in
the Valcor shaft seal O-rings is similar to the ASCO pattern. However., the
MSLB/LOCA exposure caused deterioration that prevented subsequent hardness
measurements.

Table 23 reveals the general loss of elongation with increasing stress
history. Accelerated thermal aging in air and 8 y of service caused completa
loss of elongation in the ASCO body O-rings. Unlike the effect on hardness,
radiation caused significant decrease in elongation independently of the prior
history; and the MSLB/LOCA also caused significant further reduction in
elongation. (Of course, once the elongation was lost altogether, further
stressing had no effect.)
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Table 22. Shore "A" Durometer Measurements for Critical
Elastomeric Parts (a)

ASCO Core Discs (EPDM, except as marked)

Condition , In service 1In service Accelerated Aging
' : 1.5 vy 8§ v Air Medium Nitrogen Medium
. &s received from mfr. - - 82 82
After thermal and
cyclic aging - - 90 82
After service B3 90 (Buna-N) - -
Plus 200 Mrd 87 92 (Buna-N) 92 g8
Plus MSLB/LOCA 86 93 (Buna-N) 89 88

Valcor Shaft Seal O-rings (EPFR)

Condition In Service 5 y Initially New
As received from mfr. - | 72
After service 69 -

Plus 200 drd 71 ' 77
Plus MSLB/LOCA (b) - (b)

{a) Each nuber is an average of three measurements.
(b) Too damaged to test.
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Table 23.

Elongation at Break for Critical O-rings
(all values in %)

ASCO Body O-rings (EPDM, except as marked)

Condition
As received from mfr.

After thermal and
cyclic aging

After service
Plus 200 Mrd

Plus MSLB/LOCA

Condition
As received from mfr.
After service
Plus 200 Mrd

Plus MSLB/LOCA

In gervice 1In service Accelerated Aging
1.5 v 8 v Air Medium Nitrogen Medium

- - 246 246

- - 0 168

226 0 (Buna-N) - -

65 0 (Buna-N) 0 47

50 0 (Buna-N) 0 22

Valcor Shaft Seal O-rings (EPR)

In Service 5 y Initially New
- 253
191 -
58 0
0 0
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8. CONCLUSIONS

It was difficult to draw quantitative general conclusions from the program
because each specimen differed from the others in type of specimen, or test
sequence, or both. Nonetheless, differences among the test results for
different combinations of specimen type and test sequence did permit
qualitative observations.

An organic deposit of undetermined origin discovered during an early stage of
thermal aging in the area surrounding the metal-to-metal seat of the ASCO
NP8314 SOVs caused failure to transfer. Similar failures have been observed
at the Ft. Calhoun plant, which supplied some naturally aged NP8314 SOVs for
the program, and at other plants. Transfer occurred properly after the
deposit was cleaned from the SOVs. Once the organic deposit was removed,

- accelerated thermal aging of the ASCO SOVs was completed successfully.

The equivalence of the accelerated thermal aging to years of plant service
depends on ambient air velocity as well as temperature. For stagnant air at

an ambient temperature of 100°F (38°C), the accelerated thermal aging of ASCO
SOVs was equivalent to 4.7 y of continuously energized service. For the same
application, the accelerated thermal aging of the coils was equivalent to 0.2 y
of continuously energized service.

Attempts at aging the Valcor SOVe were terminated because of repeated failures
during accelerated thermal aging. Two types of failures occurred: the shaft
seal O-ring adhered to the guxde tube. and the upper seal assembly O-ring
adhered to its seat.

Measurement of the physical properties (hardness, elongation, and compressi-
bility) of the elastomeric parts indicated progressive deterioration as a
consequence of stresses due to service, thermal aging, process medium,
irradiation, and the MSLB/LOCA exposure.

In the ASCO SOVs, the elastomeric parts wet by the process medium experienced
greater degradation with air than with nitrogen as the process medium. (As
all of the Valcor SOVs were tested using air as the process medium, they did
not contribute to information on the relative effects of air and nitrogen.)

For the naturally aged SOVs there was significantly more hardening, as
expected, after 8 y of service than after 1.5 y of service. Accelerated
thermal aging with air as the process medium caused an increase in hardness of
the ASCO core disc comparable to the level observed in SOVs that had been in
service for 8 y. With nitrogen as the process medium, there was no noticeable
hardening of the core disc due to thermal ag1ng.

When added to natural aging or thermal aging in air, irradiation tended to

. increase hardness, brittleness, and compression set. A greater increase in
hardness occurred in the SOVs aged with nitrogen as the process medium. It
appeared that radiation has less effect if hardness has already been increased
by the prior stress history (e.g., by 8 y of service or accelerated thermal
aging in air). The combined effect of thermal aging and irradiation appeared
to be nearly independent of the process medium. However, elastomeric parts
tended to remain more pliable after irradiation if nitrogen had been used
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during thermal aging or if there had been no thermal aging prior to
irradiation. The MSLB/LOCA exposure had no significant effect on hardness.

The effect of service and test stresses on the ultimate elongation at break
was much greater than the effect on hardness.

Complete loss of elongation occurred in ASCO body O-rings subjected either to
accelerated thermal aging in air or 8 y of service. On those parts that
retained elongation due to a less severe stress history {(e.g.. shorter service
time or thermal aging with nitrogen) irradiation produced a major decrease in
elongation. Accelerated thermal aging with nitrogen as the process medium
caused elongation to be reduced to about two-thirds of the initial value and
subsequent irradiation reduced the elongation to a level less than one-third
the value after thermal aging. Irradiation caused a reduction of body O-ring
elongation in the SOV with 1.5 y of service to less than one-third its value
when removed from service. Elongation was further decreased or destroyed
altogether by exposure to the MSLB/LOCA environment.

As seen from the foregoing statements, the degrading effect of radiation on
hardness and elongation depended in part on the degradation already present
due to prior stressing. The greater the existing degradation, the less the
additional degradation caused by radiation.

The compression/relaxation measurements indicated that the ASCO core discs
became less compressible after various environmental exposures; however, they
retained their ability to flow under load and take the shape of the valve
seat. The core discs retained adequate sealing capability, leakage being
minor when it did occur.

The deterioration of the elastomeric parts of the ASCO SOVs appeared to have a
secondary effect on their functional capability. There was no influence at
the upper seat, where there is a metal-to-metal interface: and, at the lower
seat, sealing took place even with a degraded core disc.

Deterioration of the Valcor O-rings did interfere with the functional
capability of the SOVs. Fragmentation of the O-ring prevented sealing, and
deterioration of the shaft seal O-ring caused the shaft to stick inside its
guide tube.

The elastomeric parts of ASCO SOVs appeared to retain adequate integrity
during all test exposures (aging, gamma irradiation, and MSLB/LOCA
simulation). This was true independently of which process medium (air or
nitrogen) or material (EPDM or Buna N) was used. However, the ASCO coil
housings permitted entry of moisture during the MSLB/LOCA simulation, and this
caused significant coil deterioration. Two of four ASCO SOVs failed as a
consequence of coil problems during the MSLB/LOCA simulation. This contrasts
with the findings of an earlier research program [1], in which coils of ASCO
valves functioned satisfactorily even when subjected to wetting during a LOCA
simulation.

During the MSLB/LOCA test. the SOVs began to experience severe difficulty when

they were energized for 2 h to simulate the operation of SOVs used in sampling
systems. Moisture had probably already penetrated the coil housings at this
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time. Evidently, the metal~to-metal seals with siiicone grease were not able
to prevent moisture intrusion during MSLB/LOCA conditions.

of fhe»two.naturally-aged ASCO SOVs put through the MSLB/LOCA simulation, one

(with Buna-N seats and 8 y of service) functioned satisfactorily throughout
the test, while another (with EPDM seats and 1.5 y of service) failed to
operate 29 h after the start of the second MSLB/LOCA transient. Of the two
ASCO SOVs with accelerated aging, the one with nitrogen as the process medium
transferred properly at all times (in spite of minor coil damage at one point)
and the one with air as the process medium failed to operate 8 h after the
start of the gecond kransient of the MSLB/LOCA simulation.

In the predecessor research program [1]. body leakage was observed; but no
body leakage was detected with the configuration of ASCO SOVs tested in this

program.

A S-y old, naturally aged Valcor SOV experienced some transfer delays as
received and after irradiation, but it functioned satisfactorily during the
first high temperature profile of the MSLB/LOCA simulation. However, it
failed to transfer before the start of the second MSLB/LOCA transient; it
experienced difficulty 4 h later, and essentially failed altogether about a
day later. Both coil failure and elastomer deterioration contributed to the
problem, with elastomer deterioration possibly aggravating the coil problem.
The shaft seal O-ring had deteriorated totally:; and the residual materials had
become redistributed between the shaft and its guide tube, causing them to
adhere to one another. The deterioration of the shaft seal O-ring and binding
of the shaft were similar to, but less severe than, the deterioration observed
during thermal aging.

Except for some transfer delays, a Valcor SOV that had no thermal or
operational aging transferred properly throughout the test, but it had
excessive leakage beginning about 8 h after the start of the second MSLB/LOCA
transient. Leakage was caused by hardening and partial fragmentation of the
O-ring seals, with the remaining seat material preventing closure of the valve
ports. This type of failure was observed following the completion of the
first MSLB/LOCA transient, and it worsened significantly after a half-hour of
continuous energization 8 h after the start of the second transient.

Partly because of the dominance of problems with coils, which are not exposed
to the process medium, there was no clear evidence that the process medium had
2 significant influence under accident conditions. More importantly, the
effects of natural and accelerated aging were relatively minor compared to the
effects of the MSLB/LOCA exposure on functional capability.

In summary, the ASCO SOVs experienced a transfer problem early in the program
due to an internal deposit of undetermined origin; removal of the deposit
eliminated the problem. During the MSLB/LOCA-simulation, entry of water into
the coil housings caused coil problems that resulted in transfer failure in
two of the ASCO SOVs., The earliest ASCO failure occurred 8 h after the start
of the second MSLB/LOCA transient with an SOV that had been subjected to
accelerated thermal aging using air as the process medium. The next failure
occurred with an SOV that had been in service 1.5 y. The SOV with Buna-N
parts and 8 y of service, as well as the SOV with accelerated thermal aging of
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the core disc using nitrogen as the process medium, performed satisfactorily
throughout the program.

The ASCO SOVs tested in this program, after cleaning of any internal deposits,
were capable of short term operation following the start of an accident.
However, it should be noted that an early failure occurred with an SOV that
had had relatively short (1.5 y) natural aging.

The Valcor SOV that had been in service for 5 y was also able to perform
satisfactorily for a short term after initiation of the accident simulation.
On the other hand, the initially new Valcor SOV, that was not subjected to
thermal aging, exhibited transfer delays and excessive leakage even before the
start of the MSLB/LOCA exposure.
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APPENDIX A

COMPLETE TEST PLAN

NOTE: Because of the specimen failure during accelerated
thermal aging, the procedures were modified as
discussed in Section 6 of the report.
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1. INTRODUCTION

1.1 TEST PROGRAM OBJECTIVES

The purpose of the test program is to evaluate and compare the condition
of solenoid operated valves (SOVs) that have been subjected to natural and
artificial aging, different process media (air and nitrogen), and the incre-
mental changes in deterioration from aging, accident irradiation, and loss-of-
coolant-accident (LOCA) tests.

1.2 REQUIREMENTS AND GUIDANCE

The elements of the test program are based on the requirements and
guidelines of the following references:

Martin Marietta Subcontract No. 41Y-19760-C [1]*
IEEE Std 323-1983 [2]

IEEE Std 382-1980 (3]

UL-429 [4&]

ASTM D2240-81 {5]

ASTM D1414-78 {6]

00000 O

Additional guidance was provided by review of the following documents:

o FRC Report No. P-C5569-9 [7]
o NUREG/CR-3424 [8].

1.3 DISCUSSION OF TEST PLAN OBJECTIVES

This research program has been designed to provide quantifiable data for
the degradation of SOV elastomers resulting from normal service and accident
simulation in nuclear power plants. To accomplish this objective, several
Valcorl and ASCO2 SOVs have been obtained from operating nuclear power
plants. The Valcor SQOVs were replaced because they had reached the end of
their qualified life, whereas the ASCO SOVs were replaced due to a plant-
specific sticking problem. New SOVs of the same model number and having the
same elastomer compounds were procured to provide a basis for comparison.

The test program is designed to provide a direct comparison between valves
aged in nuclear power plant service and valves aged by accelerated methods.
The number of test specimens will be sufficient to allow removal of one valve
from each manufacturer from each state (naturally or artificially aged) after
each environmental exposure to determine the contribution of that exposure to
the degradation of the valve. In addition, two sets of new ASCO solenoid
valves will be included in the test program to determine the difference in
aging effects on valves using nitrogen as a process fluid as opposed to valves
using instrument quality air as a process fluid. The use of different process
media will provide data on the aging of the elastomers in both oxygen and
inert (nitrogen) environments.

*Numbers in brackets refer to citations in Section 18.
1. Valcor Engineering Corp., Springfield, NJ 07081.
2. Automatic Switch Company, Florham Park, NJ 07932.
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The current research program is a sequel to an earlier program conducted
by Franklin Research Center (FRC) for the Nuclear Regulatory Commission (NRC)
on SOVs manufactured by the Automatic Switch Company (ASCO). The results of
the research program are documented in Refereuce 8. The test program steps
included thermal, operational, radiation, and vibration aging as well as
seismic testing, design basis event radiation, and an exposure to LOCA steam
and pressure conditions. A failure analysis was conducted at the conclusion
of the test program. One of the goals of the failure analysis was to identify
the portion of the environmental simulation (e.g., thermal aging, radiation)
that was most responsible for the significant elastomer deterioration that
occurred. A comparison between valves aged by accelerated technigques and
valves that were aged in real time at the manufactuter s facilities was also
included in the program. ‘

The portion of the environmental simulation during which the valve degra-
dation occurred could not be specifically identified from the failure analysis,
because disassembly and testing of specimens was performed only after the
entire test program had been completed (i.e., not after each step of the
environmental simulation). The comparison between the SOVs aged in real time
by the manufacturer and the artificially aged SOVs was limited by differences
in the process medium (air and nitrogen) used during the aging simulation and
by dissimilar equivalent lives of the two sets of specimens.
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2. DESCRIPTION OF TEST SPECIMENS
2.1 OVERVIEW

To obtain naturally aged SOVs, approximately 25 nuclear power plants were
contacted by FRC in an effort to obtain ASCO and Valcor SQVs that were being
replaced because they had reached the end of their qualified life in the
plants. The contacts resulted in FRC obtaining three sets of test specimens
from two operating power plants. The naturally aged test specimens are
described in the paragraphs that follow. A summary description of all the
test specimens is provided in Table 1.

2.2 ASCO SOLENOID OPERATED VALVES

Two types of ASCO SOVs were obtained from Omaha Public Power District's
Fort Calhoun Station. Ten ASCO SOVs that are not eanvironmentally qualified
for Class 1lE service were received. These ten SOVs are three-way, direct
acting SOVs, ASCO Model No. HTX831429. They were removed from service at the
Fort Calhoun plant after approximately 8 years of service, since the function
that they performed was safety-related and the SOVs were not environmentally
qualified.

The Fort Calhoun plant also provided an additional ten ASCO SQVs; these
ten were environmentally qualified for Class lE service. These SOVs are ASCO
Model No. NP8314C29E and are three-way, direct acting SQVs as well. The
NP8314 S0Vs were used to replace the HTX8314 SOVs discussed previously. The
NP8314 SOVs had been in service approximately 18 months and were removed from
service as a result of failures of similar ASCO SOVs. The failures were
caused by sticking of the SOV core assembly to its plug nut.

FRC has procured nine new NP8314C29E SOVs from ASCO to be used as the
artificially aged specimens for the test. ’

2.3 VALCOR SOLENOID OPERATED VALVES

Seven Valcor SOVs were supplied for the program by the Duke Power
Company. The SOVs are three-way, direct acting SOVs removed from the McGuire
Nuclear Station at the end of their S-year qualified life. The Valcor SOVs
are Model No. V-70900-21-3 and are environmentally qualified for Class lE
service. The service life of these SOVs consisted of 2 years of preopera-
tional testing and 3 years of power plant operationm.

FRC has procured six new Valcor Model No. V-70900-21-3 SOVs to be used as
the artificially aged specimens for the test.

A description of each of the Valcor SOVs is included in Table 1. Table 2
provides the service history of all of the SOVs to be used in the program.

FRC has procured six new Valcor Model No. V-70900-21-3 SOVs to be used as
the artificially aged specimens for the test.

A description of each of the Valcor SOVs is included in Table 1. Table 2
provides the service history of all of the SOVs to be used in the program.
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Table 1. Oescription of Test Specimens and Related Data

Valve Pipe

6-v

FRC Catalog Application Maximum Test
Ident. No. Serial Normal Enclosure and Seating Size Pressuie Pressure
Number  and Type Number Yoltage Operation Material Lin) Ob/in®)  (b/inc)
6096-1  HTX831420 . 52758T 125 vde 4,7 Normally closed, Buna “N" 74 60 60
3-way construction and Nylon ‘
6096-2 HTX831429 532907 125 vde 4,7 Normally closed, Buna “N¥ 1/4 60 60
3~way construction and Nylon
6093-3  HTX831429 53207 125 vdc 4,7 Nofmhlly closed, Buna "N 174 60 60
3-way construction and Nylon :
6096-4  HTXB31429 = 532917 125 Vdc 4,7 Normally closed, Buna “N® 1/4 60 60
' . . 3-way construction and Nylon
6096-5  NPB314C20E  05467K-36 125 Vdc 3,4,7,9 Normally closed, Combination 174 60 60
3-way construction metal and
ethylene propylene
6006-6  NPB3)AC29E  05467K-32 125 Vde 3,4,2,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-7 - NP8314C29E 05467K~37 125 Vdc 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-8  NPB8314C29E 05467K-44 125 Vdc 34,79 Normally closed, Combination 174 60 60
3-way construction metal and
ethylene propylene
6096-9  NP8314C29E  20884(R-B) 125 Vdc 3,4,7,9 Normally closed, Combination 174 60 60
3-way construction metal and
ethylene propylene
6096-10 NPB314C29E  20884R(4) 125 Vdc 3,4,7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
ethylene propylene
6096-11  NPB3T4C29E 20884R(7) 125 Vdc 3,4.7,9 Normally closed, Combination 1/4 60 60
3-way construction metal and
.. ethylene propylene
6096-12 NP8314C29E  20884R(5) 125 Vdc 3,4,7,9 Normally closed, Combination 174 60 60
‘ 3-way construction metal and

ethylene propylene

96090-d




otT-v

FRC
Ident.
Number

6096-13
6096-14
6096~15
6096-16
6096-~17

6096-18

6096-19
6096-20
6096-2)
6096-22
6096-23
6096-24
6096-25
6096-26

6096~27

Catalog

and Type
NP8314C29E

NP8314C29E
NP8314C29E
NPB314C29E
NP8314C29E

V07900-21-3
V05900-21-3
V07900-21-3
V07900-21-3
vV07900-21-3
v07900-21-3
v07900-21-3
v07900-21~3

V07900-21-3

" V07900-21-3

Table 1.

Normal Encgosure
(NEMA Type)

Serial

20884R(6)
20884R(2)
20884R(1)
20884R(3)
20884R(9)

258
45
128
201
1596
1597
1598
1599
1600

1601

Voltage
125 Vdc

125 Vde

125 Vdc

125 Vde

125 Vdc

125 Vdc
125 Vd¢
125 Vdc
125 Vde
125 Vdc
125 vdc
125 Vdc
125 vd¢
125 Vdc

128 Vde

3,4,7.9
3.4,7,9
3,4,7,9
3.4,7.9

3,4,7,9

Application
and.
lperation

Normally closed,
3~way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
J-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Normally closad,
3-way construction

Normally closed,
3-way construction

Normally closed,
3-way construction

Nonnilly closed,
3-way construction

Normally closed
3-way coastruction

Normally closed,
3~way construction

Description of Test Specimans and Related Data (Cont.)

Valve
Seating
Matarial

Coabination

metal and

ethylene propylene
Combination

metal and
ethylene propylene
Combination

wetal and
ethylene propylene
Cowbination

wetal and

ethylene propylene
Combination

wetal and

ethylene propylene

EPR
EPR
EPR
EPR
EPR
EPR
EPR
EPR
EPR

EPR

Pi
Size
{in)

4

1/4

/4

1/4

1/74

172
172
172
172
172
vz
172
/2
/2

172

Haximum
Pressuie
b/ig<)

60

60

150
150
150
150
150
150
150
150
150

150

;est
ressu
Llhlinii

60

60

100
100
100
100
100
100
100
100
100

100

96090-d
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FRC
Ident.
Number
6096~1
£096-2

t09¢~3

t096-4 -

£096-5
1.0 b=t
b0yb-7
6096-8
u096-18
6036-19
t096-20
6096-21

Serial

Number
527587
532907
532917
532917
05467K-36
05467K-32
05467K-37
05467K-44
258

as

128

201

Manufacturer  Model Number

ASCO
ASCO
ASCO
ASCO
ASCO
ASCO
ASCO
ASCO
valcor
Valcor
Valcor

valcor

Table 2. Naturally Aged Valves Service History

HTX831429
HTX831429
HTXB831429
HTX831429
NP8314C29E
NPB314C29E
NP8314C29E
NP8314C29E
vV-70900-21-3
v-70900-21-3
v-70900-21-3
V-70900-21-3

*Approximate age; exact age is unknown.

**The valve experienced the listed radiation levels in approximately 3 years.

preoperational testing,

Years‘of

ar
8
g*
8~
1.25
1.25
1.25
1.25

wm vow;

Normal Ambient
[ ]

107

90
Unknown
Unknown
107
107
107
107
100-120
100-120
100-120
100-120

Radiation

tinknown
Unknown

2.9
2.9
57
57

Calculated
Inlggilted
—Dose _
7.0 x 104
7.0 x 104
Unknown
Unknown

1.1 x 104
1.1 x 104
1.1 x 104
1.1 x 10
7.6 x 10%=
7.6 x 103*+
1.5 x 106e=
1.5 x 106%=

Two of the 5 years of service were during

960904
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2.4 RATIONALE FOR SELECTION OF TEST SPECIMENS

Selection of the test specimens was limited by the availability of
naturally aged SOVs. The new SOVs procured for the program have identical
model numbers and elastomers to the SOVs obtained from the nuclear power

plants.
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3. ACCEPTANCE CRITERIA

The SOVs will be considered to have met the acceptance criteria for this
program if, during and after the test program, upon application (or removal)
of rated voltages and supply pressures, the SOVs respond promptly to pressur-
ize or exhaust sealed volumes (e.g., cylinders) as required by their mode of
operation. Although no acceptance criteria for leakage were established, SOV
leakage will be measured during functional testing throughout the test program.

Rationale

The types of SOVs being tested are normally used as pilot devices to
actuate pneumatically actuated operators that move larger wvalves or dampers.
They are used in a normally energized state so that upon loss of electrical
pover or pneumatic supply to the SOV, the pneumatically actuated device will
transfer to its fail-safe condition. For these reasons, the safety function
of the SOVs is defined as responding to the removal of nominal voltage from
the solenoid coil to cause a closed volume in the pneumatically actuated
device to be promptly exhausted.

_ Although the SOV manufacturers usually have an acceptance criterion for
response time of SOV actuation, the response time is generally in the milli-
second range and could not be accurately measured without use of test equipment
that is precluded by the budget for the project. The qualitative term
"responds promptly" has been used to define acceptable operability of the
SOVs. During previous testing of S0Vs at FRC, visual observation of the
pressure gage connected to the process port of the SOV has been used to deter-
mine operability, Since slow or sluggish operation (i.e., response time
observed to be seconds or longer) has been readily apparent, this method will
satisfy the test cr1teria.

With respect to SOV leakage (combined body and seat leakage), no specific
acceptance criteria for nuclear power plant applications could be identified.
Although it is known that there are applications in nuclear power plants where
small accumulators are used to provide supply pressure to S0Vs under loss of
pneumatic supply and under post-accident conditions, leakage acceptance
criteria could not be identified on a generic basis since the criteria depend
on the specific application. As a result, no acceptance criteria will be
stated for this test program, but measured leakages will be reported.
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4. DMOUNTING, CONNECTION, AND INTERFACE REQUIREMENTS

The specimens will be mounted with solenoids vertical and upright through-
out the test program. The SOVs will be fastened to test fixtures using
brackets and the integral mounting holes on each style of SOV.

As a test convenience, all specimens will be mounted onto a support
fixture in a tree-like arrangement for compactness during exposures to thermal
aging, gamma irradiation, and simulated LOCA/MSLB conditions. The specimens
will remain on the test fixture for functional testing.

The inlet/outlet ports of the valve bodies will be equipped with appro-
priately sized NPT bushings and adapters to connect with copper tubing.
Supports will be provided for the tubing as required. Graphite-based lubricant -

will be applied to the pipe thread interface between the valve-body port and e B

piped connections. The exhaust port of the ASCO solenoid valves will be
provided with a series of two 90° elbows prior to the LOCA/MSLB exposure so
that the open end faces down precluding direct entry into the valve body of
steam or chemical spray.

During thermal aging and the DBE radiation exposure, the lead wires for
the artificially aged Valcor SOVs will be routed through the 3/4-in NPT
electrical conduit connections and through 90° street elbows so that the lead
wires are in a horizontal plane. The lead wires for the artificially aged
ASCO SOVs will be routed in a similar manner; however, the construction of the
ASCO SOVs results in the open ends of the 90° street elbows facing downward.

The lead wires for the artificially aged SOVs will be terminated with
crimped spade lugs of appropriate size which will be connected to terminal
strips fastened to the support fixture. The naturally aged SOVs will be
provided with crimped spade lugs of appropriate size for use during functional
testing.

After the DBE radiation exposure, the six SOVs (four ASCO, two Valcor) to
be subjected to the LOCA/MSLB exposure will have their electrical connections
prepared in the following manner (see Figure 1).

Prior to the LOCA/MSLB exposure, the solenoid leads will be butt-spliced
with crimped connections to Teflon-insulated solid conductor extension wires.
The spliced sections will be covered with Raychem Thermofit WCSF-N heat-
shrinkable tubing. The splices will be physically separated from each other
and from exposed conductive materials (e.g., solenoid housing). A threaded
condolet box (with removable cover) will be connected to the solenoid housing
and the leads routed through the condolet box. . The condolet box cover will be
removed, and a GE RTV silicone compound will be poured into the condolet box,
filling the condolet box from the solenocid housing (see Figure 1) to the
condolet outlet. The sealing method will provide reasonable assurance that
moigsture will not enter the solenoid housing during the LOCA/MSLB exposure
through the electrical interface.
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5. DESCRIPTION OF SOV FUNCTIONAL GROUPS

To be responsive to the program objectives, the test specimens were
divided into four groups. Each of the four groups will be exposed to portions
of the test program to allow comparison of the effects of the environmental
exposures on the SOVs. Group I SOVs will be subjected to functional testing
prior to disassembly, inspection, and material testing to provide baseline
data on the SOV and material performance. Group I consists of one new ASCO
Model No. NP8314C29E SOV (6096-15) and one Valcor Model No. V-70900-21 SOV
(6096-27). Groups II, III, and IV consist of multiple samples and are
identified in Table 3. The naturally aged ASCO and Valcor SOVs will not be
subjected to any additional aging prior to other test steps.

The SOVs from Group II will be subjected to accelerated aging (thermal
and operational) prior to disassembly and material testing. The data obtained
from the Group II values will be compared with the data from the Group I
valves to determine the change in SOV performance and material degradation
resulting from the aging. The SOVs from Group III will be subjected to a DBE
radiation exposure (200 Mrd gamma) after completion of the aging simulation.
The disassembly and material testing that follows will provide information on
the effects of the sequential exposures on the SOV materials. The final group
of SOVs, Group IV will be subjected to a 30-day LOCA/MSLB simulation in addi-
tion to the aging and radiation exposures. The functional test data from
Group 1V, as well as the post-DBE exposure material testing will provide the
final set of data on the effects of the environmental simulation on the SOVs.
In addition, one ASCO Model No. NP8314C29E will be supplied with nitrogen as
the process medium throughout the test so that the effects of the nitrogen
environment on the internal organic materials can be compared with the air
environment that is normally used with SOVs.
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Mfr. Model No.

ASCO NP8314C29E
ASCO NP8314C29E
ASCO NP8314C29E
ASCO HTX831429

Valcor V-70900-21
Valcor V-70900-21

Table 3.

Accelerated
Accelerated
Natural
Natural
Accelerated

Natural

SOV Functional Groups

P-C6096

Process Functional Group
Medium II 11X IV

Air 6096-9  6096-10 6096-11
Nitrogen 6096-12  6096-13 6096-14
Air 6096-6 6096-7  6096-8
Air 6096-3  6096-2 6096-1
Air 6096-22  6096-23 6096-24
Air 6096-19  6096-20 6096-21
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6. SURVEY OF ENVIRONMENTAL CONDITIONS

To identify environmental and operational conditions for actual SOV
service in operating nuclear power plants, a short engineering survey ques-
tionnaire was prepared, and several utilities were asked to complete it. The
utilities were selected on the basis of plant nuclear steam supplier, elec-
trical output, and age. Table 4 shows the environmental survey form. Six
utilities representing 11 stations with one or more pressurized water reactors
(PWR) and 6 stations with one or more boiling water reactors (BWR) were polled.
Four of the six utilities provided responses that represented 9 PWR stations
and 5 BWR stations. The environmental information provided by the utilities
is summarized in Table 5.

The profiles contained in Appendix represent all of the design basis
accident profiles supplied by the utilities in response to the survey (i.e.,
BWR~-1 provided only plant LOCA curves, BWR~2 provided only MSLB profiles,
etc.).
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Table 4. Environmental Survey Form
FRANKLIN RESEARCH CENTER

PLANT NSSS MWe

1. ENVIRONMENTAL CONDITIONS

. A. Please complete the following items. Actual recorded data are .
preferable.

Containment Conditions: (Source: Recorded ( ) Design Document ( ))

Normal Temperature °F; Normal Pressure psig

Normal Relative Humidity % RH, Radiation ' R/h

B. Please complete or attach the following information:

'LOCA Temperature Profile:
LOCA Pressure Profile:
LOCA Integrated Dose: Rads Gammaj; Rads Beta

MSLB Temperﬁture Profile:

MSLB Pressure Profile: ‘

MSLE Integrated Dose: Rads Gamma} Rads Beta
2. MAINTENANCE QUESTIONS

A. Please describe any periodic maintenance or surveillance performed on
S0Vs in service:

=
b

B. Do any criteria for requiring initiation of maintenance/repait'exist
other than end of qualified life or valve failure?

C. Are solenoid valves used in any applications other than air service?
If so, please describe process fluid and process conditions.

A-19



P-C6096

Table 5. Plant Environmental Conditions Noted in Environmental Survey

Normal Normal Normal DBE
Normal Pressure Relative Radiation Radiation
Plant Temp. (°F) (psig) Humidity (%) (rad)* (rad)
PWR-1 130 0to5 2 to 100 3 x 107 6.1 x 107
PWR-2 130 0 65 - 2 x 107
PWR-3 120 0 50 5 x 104 1.3 x 107
PWR-4 120 -0.3 to 0.3 20 to 90 2 x 107 1.0 x 108
PWR-5 120 -1 tol 35 1.1 x 106 2 x 108
PWR-6  65-120 -0.1 to 0.3 10 to 50 2 x 108%=
PWR-7 120 -0.1 to 0.3 20 to 50 3.5 x 106 2 x 108
PWR-8 120 -0.3 tc 0.3 20 to 90 2 x 107 1.0 x 108
PWR-9 120 -0.1 to 0.3 20 to 50 3.5 x 106 2 x 108
BWR-1 135 -0.5 to 0.2 40 to 55 6 x 107 5 x 107
BWR-2 150 1.2 20 to 30 3.5 x 107 3 x 107
BWR-3  135-150 -0.5 to 2 40 to 55 2 x 107 -—
BWR-4 150 -0.5 to 2 20 to 90 1.8 x 107 1.0 x 108
BWR-5 150 -0.5 to 2 20 to 90 1.8 x 107 1.0 x 108

*40-year integrated dose.
*%*DBE plus normal radiation.

A-20



7.

TEST SEQUENCE

P-C6096

The test sequence summarized below was developed on the basis of the
program objectives (Section 1.1), the guidance provided by the previous
research program [8], and the applicable environmental qualification standards

[z, 3l.

A completed description of each test step is provided in the referenced
section along with the supporting rationale for selection of the test levels
and durations,

Step No. Test Title
1 Inspection and
Baseline Tests
2 Disassembly and
Material Testing
3 Thermal Aging#
4 Operational Cycling
5 Functional Tests
6 Disassembiy and
Material Tests
7 " DBE Radiation
Exposure
8 Functional Tests
9 Disassembly and
Material Testing
10 LOCA/MSLB
. Expogure
11 . Functional Tests
12 Disassembly and

Material Testing

Level and Duration

See Section 8

See Section 16

4 years equivalent
life ASCO, 5 years
equivalent life Valcor

2000 cycles, ASCO

2500 cycles, Valcor

See Section 10
See Section 8

See Section 16

200 Mrd gamma-
See Section 13

See Section 8

See Section 16

30 days, 420°F. peak

temperature (see
Section 14)

See Section 8

;See'Section 16

Valve Group

I, 11, 111, IV

I

=
11, III, IV
11, 111, IV
‘I1, III, IV
CIII, 1V
111, IV

I1I

v

v

A w

*Naturally aged SOVs from Groups II, III, and IV will not be included in the
thermal aging simulation.
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8. FUNCTIONAL TESTS
Prior to the start of the aging program, functional tests a, b, and c
(identified below) will be performed as a baseline for comparison with subse-
quent functional tests. The functional tests will be repeated as indicated in
Section 7 after each segment of the test.
Functional testing will consist of the following:

a. Operational Test

Complete operation, i.e., cycling of the SOV at normal and design limit
conditions of voltage and nominal air pressure while determining the
presence of appropriate air flows or pressures at the ports of the SOV.
This testing will be referred to as operational testing. Operational
testing will include observation for evidence of abnormal operation such
as sluggish operation of the SOV or failure to transfer, or noise such as
solenoid chattering. In addition, the SOVs will be operated under
degraded voltage conditions.

b. Leakage Testing

Leakage testing will be conducted on the test stand shown in Figure
2. The SOV will be mounted to the test stand and the appropriate
process and electrical connections made. The valve inlet will be
pressurized at the S0V operational pressure (60 psig for ASCO SOVs,
150 psig for Valcor SOVs) while deenergized. The flow meter will be
observed for any indication of flow after pressurization, which would
indicate either seat or body leakage of the valve. The flow meter
will detect leakage through the valve in the range from 0.37 scfm (10
L/m) to 4.2 scfm (118 L/m). The SOV will then be energized and the
accumulator allowed to stabilize at the supply pressure. The flow
meter will again be observed to detect any flow which would provide
evidence of leakage. The leakage testing follows the method
prescribed in Sections 28 and 29 of UL 429 [4].

¢. Insulation Resistance

Measurement of insulation resistance (IR) between the conductor of the
solenoid coil and the housing (enclosure) of the coil will be made at
a dc potential of 500 V held for 1 minute.

d. Potential-Withstand Test

A high-potential withstand test of the coil conductor will be
performed. An ac potential of twice the rated potential plus 1000 V
will be applied between the coil conductor and the coil enclosure.

The potential-withstand test will be conducted prior to disassembly of
the SOV only.
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Figure 2. Schematic Diagram of SOV Leakage Test Stand
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Rationale

Selection of the functional testing was based on the following sources of
guidance:

o IEEE Std 382-1980 [3]
o UL 429 {4]
o Catalog descriptions and technical bulletins by the SOV manufacturers.

While other testing could be performed (e.g., pull-in-voltage: the
potential supply is slowly increased until the SOV changes position, and the
voltage level at the change is recorded), the functional testing selected
provides an indication of SQV operability with measurements that could be
performed in a plant service enviroment.

During performance of the operability tests, the SOVs will be checked for
operation under degraded voltage conditions, i.e., 80% of nominal voltage.
This test has been included to address plant conditions where the SQVs would
be powered by station batteries while they are discharging.
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9. RADIATION AGING
No radiation aging of the SOVs will be performed.
Rationale
Theilargest radiatiqnvdose received by any 6f the naturally aged valves
was 1.5 x 10° rd gamma for a 5-year service life. This dose represents less
than 2% of the DBE dose and is considered negligible by comparison. The

elastomers used in the SOVs'experience negligible deterioration from a 1.5 x
106 rd exposure to the body of the SOV.
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10. THERMAL AGING EXPOSURE
10.1 THERMAL AGING SUMMARY

The Group II, III, and IV SOVs will be subjected to accelerated thermal
aging to place the SOVs in their end-of-service life state, i.e., 4 years for
ASCO SOVs and 5 years for Valcor SOVs. A service temperature of 140°F (60°C)
was selected to represent in-containment applications. The SOVs will be aged
to simulate a continuously energized operating mode; therefore, the aging
analysis accounts for the effects of ohmic heating on :he critical components
due to continuous energization of tie solenoid coil. Process connections will
be provided so that the SOVs can be pressurized and energized during the
thermal aging exposure. The naturally aged SOVs in Groups I1I, III, and IV
will not be subjected to artificial aging.

The ASCO SOVs will be aged in an energized state at an oven temperature
of 215°F (102°C) for a period of 1467 hours (61.1 days) to simulate a service
life of 4 years in an operating environment of 140°F (60°C) for the elastomeric
components within the SOV. Since this aging simulation would overage the ASCO
solenoid coils, a replacement set of solenoid coils will be thermally aged for
a period of 202 hours at 350°F (177°C) and placed in the SOV so that the
entire SOV assembly has been aged to an equivalent 4-year service life.

The Valcor SOVs will be aged in an energized state at an oven temperature
of 215°F (102°C) for a period of 2232 hours (93 days) to simulate a S5-year
life in an operating environment of 140°F (60°C) while continuously energized
for the elastomeric components within the SOV. The Valcor SOV will also be
provided with a 100-psig air source at the exhaust port during the themal
aging simulation to provide a O-psig differential pressure across the shaft
seal O-ring to preclude damage from a high differential pressure (100 psig)
and the high temperature at the O-ring. Since this aging simulation would
overage the Valcor solenoid coils, a replacement set of solenoid coils will be
thermally aged for a period of 350 hours at 350°F (177°C) and placed in the
SOV so that the entire SOV assembly has been aged to an equivalent 5-year
service life.

Rationale

The aging analysis for the SOVs was conducted in the following steps:

o Determination of weak-link components

o Identification of component materials and activation energies

o Measurement of temperature rise at weak-link components and solenoid

coils due to continucus energization

o Calculation of thermal aging parameters.

Each of these activities is documented in the paragraphs that follow.
10.2 DETERMINATION OF WEAK-LINK COMPONENTS

The weak-link components for the SOVs are determined primarily by compo-

nent function with respect to the required safety function of the device.
Components are first identified as critical components (i.e., the component
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can act to defeat the safety function) and then identified as a weak-link
component by analyzing the effect of the component's normal environment on the
component's functional capability. Since a weak-link component must degrade
substantially in the environment to which it will be exposed, metallic
components are essentially excluded from being weak-link components.

10.2.1 ASCO SOV Weak-Link Component Analysis

An exploded view of the ASCO NP8314 SOV is shown in Figure 3. From
review of this figure, the only nonmetallic components contained in the SOV
- are the body gasket, the core disc (not shown), the solenoid coil, and the
plugnut gasket. The plugnut gasket and body gasket are used as static seals
to prevent inleakage of contaminants to the solenoid coil housing and minimize
body leakage, respectively. From previous testing [8], it has been found that
even with gross failures of the body gasket, the SOV is able to perform its
function.  The core disc, however, is used as & dynamic seal to control the
flow of the process medium to an operated device and align the exhaust path.
Failure of the core disc could result in leakage past the SOV seat and may
defeat the SOV safety function. Therefore, the core disc is considered the
weak-link component.

Although the coil of the ASCO solenoid valve has been previously shown to
be less susceptible to degradation from environmental effects than the EPDM
core disc, it is nonetheless critical to the proper operation of the SOV.
Therefore, the solenoid coil will be aged to an equivalent life equal to the
core disc.

10.2.2 vValcor SOV Weak-Link Component Analysis

The internal components of the Valcor V-70900-21 SOV are shown in Figure
4, In addition to the solenoid coil, the Valcor SOV contains seven elasto-
meric components, all O-rings used as either static or dynamic seals. The
function of each of the O-rings and the effect of its failure on operability
of the SOV are discussed in the following paragraphs.

o Solenoid Base 0-Ring

The solenoid base O-ring provides a static seal to preclude the
entrance of moisture into the solenoid coil enclosure. Complete
failure of the O-ring due to thermal aging might allow entrance of
moisture into the coil area during a high pressure steam exposure.
Failure of the O-ring due the thermal aging is considered a low
probability occurence. Intrusion of water into the coil area could
result in the electrical failure of the coil; however, the fail-safe
position of the SOV is normally the deenergized position. Since
failure of the solenoid base O-ring coupled with subsequent coil
failure would cause the SOV to go to its fail-safe position, the
solenoid base 0O-ring is not considered the weak-link component.
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Body O-Ring

The body O-ring provides a static seal between the solenoid base and
the SOV body. Failure of the body O-ring could result in a entrance
of moisure into the exhaust port area (port C) of the body during a
high pressure steam exposure. Moisture leakage into this area would
have no effect on the operability of the S0V, since leakage through
the vented exhaust port would normally be expected.

Seat Guide O-Ring

The geat guide O-ring provides a static seal between the seat guide
and the solenoid base. Failure of the seat guide O-ring would allow
leakage of the process fluid, which is used to assist SOV transfer at
the pilot mechanism (shaft seal O-ring) through the exhaust port
(port C). Although the process leakage might cause a longer transfer
time for the SOV when it becomes deenergized, the force generated by
the shaft spring is adequate to effect transfer of the SQV to the
deenergized position without the assistance of the pilot pressure.

Cage 0-Ring

The cage O-ring provides a static seal between the SOV body and the
exhaust port (port C) when the SOV is in the energized state.

Failure of the O-ring would allow some leakage of the process fluid
from the supply (port A) to the exhaust port when the SOV is in the
energized position. Although the potential for leakage exists, the
leakage rate would not be sufficient to defeat the safety function of
the SOV.

Shaft Seal 0O-Ring

The shaft seal O-ring provides a dynamic seal which performs two
basic functions. With the SOV deenergized, the process fluid passes
through the center of the shaft and exerts a force on the shaft seal
O-ring helping to seat the lower O-ring seat. A differential
pressure equal to the supply pressure exists across the O-ring when
the exhaust is not pressurized. Upon energization of the coil, the
differential pressure across the O-ring is instanteneously reduced
since the process pressure is applied to both sides of the O-ring and
the magnetic circuit is able to move the shaft to its energized
position. Once the SOV is at its energized position, the
differential pressure across the O-ring is again equal to the
differnence between the process pressure and the pressure at the
exhaust port (normally O psig). Upon deenergization of the solenoid
coil, the pressure above the shaft seal O-ring assists the spring in
moving the shaft to the deenergized position.

Failure of the shaft seal O-ring could result in several types of SOV
failure. Shrinkage due to hardening could allow leakage of the
process fluid past the shaft seal O-ring and reduce the force used to
start the travel of the shaft upon deenergization of the SOV.
Embrittlement and breakdown of the shaft seal O-ring could result in
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pieces of the O-ring becomming trapped between the shaft and the cage
assembly and prevent shaft travel. Creep of the 0-ring due to
softening from heating and the differential pressure across the
O-ring could cause flow of the ghaft seal O-ring between the shaft
and the cage assembly, causing the shaft to bind. The three
potential failures of the SOV discussed would all prevent the SOV
from performing its safety functions. . .

o _Upper O-Ring Seat

The upper O-ring seat seals the SOV body cavity between the process
and the exhaust (Port C) in the energized state. In the deenergized
position, the upper O-ring seat serves no purpose. Deterioration of
the upper O-ring seat would allow leakage of the process fluid
through the exhaust port in the energized position. Because the
Valcor SOV is designed to provide principally metal-to-metal seating,
the anticipated leakage rate would be small. Failure of the upper
O-ring seat due to high temperature may cause adherence of the O-ring
to the cage assembly and defeat the SOV's safety function.

o Lower O-Ring Seat

The lower O~ring seat isolates the process supply from the process
(Port B) and exhaust (Port C) ports in the deenergized state. . In the
energized state, the lower O-ring seat provides no function. Failure
of the lower O-ring seat would permit leakage of the process fluid to
the process and exhaust ports. As with the upper O-ring seat,

. because the seating is primarily metal~to-metal on this SOV, the
anticipated leakage rate would be small. It is anticipated, however,
that during normal service, the lower O-ring seat would exhibit the
highest level of degradation since the seat is blanketed in air in
its energized position, resulting in hardening of the seat. Sticking
of the lower O-ring seat is not expected due to the high force
exerted by the magnetic circuit of the SOV upon energization. -

Analysis of the nonmetallic components in the Valcor SOV and their
-function indicate that the shaft seal. O-ring and the upper O-ring
seat may fail in a manner that would impair performance of the SOV
safety function. The shaft seal O-ring and upper O-ring are made of
the same elastomeric materials. Because the shaft seal O-ring can
fail in three different ways that would impair perfomance of the SOV
safety functin and because the shaft seal 0O-ring is located in a
closer promixity to the solenoid coil and would be exposed to a
higher temperature and greater thermal stress during normal service
than the upper O-ring, the shaft seal O—ring will be used as the
weak-line component.

10.3 IDENTIFICATION OF COMPONENT MATERIALS AND THE ASSOCIATED ACTIVATION
ENERGY VALUES :

The materials of construction for the SOVs were detemined.from the ASCO

{9] and Valcor [10) environmental qualification test reports. The elastomers
used in both SOVs were identified as being constructed of ethylene propylene
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diene monomers (EPDM), which are also referred to as ethylene propylene
terpolymer, and ethylene propylene rubber (EPR). Each manufacturer's solenoid
coil is made of various materials listed in the respective qualification
reports. The materials were reviewed by FRC but, since they are considered
proprietary by the manufacturers, they will not be identified here.

A literature search was conducted to identify sources of activation
energies for the various materials used in construction of the ASCO and Valcor
SOVs. References 12 through 14 provided information on activation energies
for materials similar to those used in the SOVs, but no direct correlation to
the compounds identified by the SOV manufacturers could be made.

A study conducted by the U.S. Navy {12] on solenoid coil insulation sys-
tems identified activation energy values in the range of 0.42 eV to 1.09 eV.
Reference 13 identified activation energy values for a compression set of EPDM
in the range of 0.73 eV to 1.05 eV. Reference 14 did not provide any informa-
tion relevant to the materials and properties of interest.

ASCO has identified a range of activation energies for the EPDM, with
0.94 eV used for their thermal aging program. Valcor has identified a somewhat
higher activation energy for the EPDM compound used for their seats based on
thermogravimetric analysis (TGA) of the material. ASCO and Valcor also listed
activation energy values for the materials making up the solenoid coil. ASCO
identified a limiting activation energy of 1.0 eV, whereas Valcor identified
an activation energy of 1.47 eV based upon TGA measurements.

Since acceptance of TGA data for development of activation energy values
has been limited, information on TGA was reviewed to determine the applica-
bility of TGA for determining activation energies for thermal aging. ASTM
Standard D3850-84, '"Rapid Thermal Degradation of Solid Electrical Insulating
Materials by Thermogravimetric Method," states: "This method is not intended
to directly establish thermal life comparison on insulating materials. The
relationship between TG data and long-term thermal capabilities of a material,
if it exists, needs to be developed and demonstrated by the experimenter,
preferably by comparing data for known materials possessing similar failure
modes." The review of published literature did not provide any firm basis for
selection of activation energy values for the SOV elastomers and solenoid coil
materials. The activation energies reported by ASCO in its qualification test
report [9], 0.94 eV for the EPDM elastomers and 1.0 eV for the solenoid coils,
were chosen for the accelerated aging calculations for the ASCO and Valcor
SOVs since they represent conservative values for the materials to be tested.

10.4 MEASUREMENT OF TEMPERATURE RISE AT WEAK-LINK COMPONENTS AND SOLENOID
COILS DUE TO CONTINUOUS ENERGIZATION

The operating temperature of the weak-link components due to normal
ambient temperature surrounding the SOV and the internal heat generated by
continuous energization of the solenoid coil was determined by direct
measurement at several temperatures. In order to minimize the experimental
error, a least squares fit for the data was performed and the temperatures
determined through the mathematical analysis were used as the service and the
thermal aging temperatures. 1In addition, the temperature of the solenoid
coils at the service temperature and at the thermal aging temperature was
calculated using the resistance method discussed below.
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The service and aging temperatures of the ASCO SOV core seat were deter-
mined by placing a 0.005-in (0.l-mm) thermocouple within the core seat
material. A 0.005-in diameter hole approximately 0.03125-in (0.8 mm) deep was
drilled in the center of the core seat, and the thermocouple was placed in the
hole and potted in place using a small amount of RTV material. The SOV was
then fitted with 6-in-long stainless steel tubes and applicable fittings in
the process and supply ports to simulate the tubing comnected to the SOVs in
service. The open ends of the tubes were fitted with insulating material to
block any air flow into the SOV body. The ASCO SOV was mounted on & metal
laboratory stand and placed in a circulating air oven for temperature tests.

The service and aging temperatures of the Valcor SOV shaft seal O-ring
vere determined by placing a 0.005-in (0.1-mm) thermocouple between the SOV
- shaft and the shaft seal O-ring. Since the Valcor SOV had previously been
supplied with fittings and tubing to allow pressurization of the SOV, these
connections were used for the temperature measurements. The Valcor SOV was
mounted on a metal laboratory test stand and placed in the circulating air
oven with the ASCO SOV. Both SOVs were connected to a 125 Vdc power supply
for energization of the solenoid coils and the thermocouples were connected to
a data logger. A thermocouple to measure the oven temperature was located in
a central portion of the oven and connected to the data logger. The SOVs were
energized and the oven controls manipulated to provide the temperatures shown
below. The oven was allowed to remain at the selected temperature for approxi-
mately 2 hours at each temperature, which was sufficient duration to allow
stabilization of the critical components. The solenoid coil resistance was
also measured at each temperature. It should be noted that the circulating
air oven was not turned on to measure the weak-link component temperatures at
room ambient (77°F) and these temperatures were recorded under still air
conditions. :

The recorded data were then fed into a computer program which analyzes
the data to provide least squares fit of the curve that best represents the
data. The circulation air oven temperature, the recorded weak-link component
temperature and the mathematically derived temperatures for the weak-link
components are provided below.

. . . : Valicor Lower Seat -
Oven Temp. ASCO Core Seat Assembly 0-Ring

- 173.5/ 78.6

77.1/25.0 169.8/ 76.6 — —

140.0/60.0 181.1/ 82.8 181.2/ 82.9 190.0/ 87.8 189.8/ 87.17
210.0/99.0 250.0/121.1 250.1/7121 .1 257.0/125 156.2/124.6
215.0/102.0 256.0/124.4 255.0/123.9 259.0/126.1 261.0/127.2

230.0/110.0 269.1/701.7 269.8/132.1 276.2/ 275.2/135.1
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The temperature of the solenoid coils was calculated using the
temperature coefficient of resistance method from Reference 15, which states:

Rr2 = Ry [1 + % (T - T1)] | (1)

.where: Rpg = resistance at the evaluated temperature in ohms
RT1 = resistance at the reference temperature in ohms
@1} = temperature-resistance coefficient at the reference
temperature
T9 = evaluated temperature im °C
T} = reference temperature (21°C)

Rearranging the equation to solve for the elevated temperature yields:

(2)

Gr2/f11) - 1 .
2 = ar,

The temperature-resistance coefficient for copper (assuming 100%
conductivity) is 0.00393 (from Table 4-3 of Reference 15). The resistance of
each of the SOV coils was measured at the elevated temperatures listed for the
critical components and at the reference temperature (72°F/21°C). The
temperature of the S0V coils at each elevated temperature is tabulated below.

T T

1

Oven Temp. Resistance Temp. Resistance Temp.
(°E£°C~l ‘°E£°:l (ghmsl (°E!°C)
72/21 796 -_— 401 -—
140/60 1050 2157102 - 535 223/106
210/99 1200 3027150 600 297/147
2157102 1225 316/158 615 3157157
2307110 1280 347175 650 3547179

10.5 CALCULATION OF THERMAL AGING PARAMETERS

The thermal aging parameters were calculated using the Arrhenius equation:

ty = tg exp[®/K(1/T, - 1/T4)] (3)

where:

thermal aging period (h)

equivalent service life (h)

e = 2,7183

activation energy in eV

Boltzmann's constant, 0.8617 x 10~% eV/K

accelerated thermal aging temperature in degrees Kelvin
normal operating service temperature in degrees Kelvin

of
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The Arrhenius model assumes that, within a limited temperature range, the
rate of thermal aging is governed by a single degradation mechanism (related
to the material's activation energy) and the absolute temperature. The rate
of thermal degradation increases exponentially as the activation energy is
decreased and the absolute temperature is increased. In applying the Arrhenius
model, care must be taken to ensure that the activation energy used applies to
‘both the gpecific material in use and to the deterioration of the physical
property of interest for that material. The identification of an activation
energy should also be conservative enough to provide realistic results while
avoiding overaging that would exceed a desired endpoint condition. The
accelerated thermal aging of a device is complicated by the fact that parts of
the device generally degrade at different rates, partly because of differences
in activation energy and partly because internal heating may cause different
parts to operate at different temperatures. A conservative approach is to
base the accelerated aging on the device's weakest link, i.e., that part
(among those that contribute to functional capability) which, because of its
activation energy and operating temperature, has the highest rate of degrada-
tion. The disadvantage of this approach is that when the device is aged so
that the weak-link component is aged to the equivalent of a specific life, -
some parts will be overaged and others will be underaged. Since other aging
models have similar disadvantages, the aging parameters were determined on a
weak-1ink approach.

_ The weak-1link component identified for the ASCO SOV is the core seat
disc, and for the Valcor SOV, it ig the shaft seal O-ring. Both components
are constructed of EPDM with an activation energy of 0.94 eV.

The maximum normal operating service temperature for SOVs is 140°F
(60°C). The service life for purposes of this test is &4 years (35,040 houts)
for the ASCO SOV and 5 years (43,800 hours) for the Valcor SOV.

Two methods for simulation of the internal heat rise generated by ohmic
heating of the coil were considered. The first method would consist of adding
the temperature rise to the temperature of the service environment and aging
the SOVs in the deenergized state. While the thermal aging temperature could
be raised to simulate the internal heat rise of the critical components, the
valve configuration would be directly opposite its normally energized state
(i.e., where the upper O-ring is compressed in the energized state, the lower
O-ring is compressed in the deenergized state). The potential for degradation
modes not representative of normal service exists if the valve is aged in this
manner.

The second method, consisting of energizing the coil during thermal
aging, is the preferred method since the SOV is placed in its normal operating
configuration during thermal aging. For the ASCO SOV, the temperature of the
core seat with the coil energized and an ambient temperature of 140°F (60°C)
was 181.2°F (82.9°C). With the coil energized, the temperature of the core
seat at the thermal aging temperature (215°F/102°C) was 255°F (123.9°C).
Using these core ceat temperatures for service and thermal aging conditions,
an activation energy of 0.94 eV for the EFDM core seat, and a service life of
4 years (35,040 hours), Equation 3 yields a thermal aging period for the ASCO
261.0°F (127.2°C) SOV of 1467 hours (61.1 days) at an oven temperature of
215°F (102°C) with the coil continuously energized.
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With the coil energized, the temperature for the Valcor lower O-ring at
an ambient temperature of 140°F (60°C) was 190°F (87.8°C). The temperature
for the Valcor O-ring at the thermal aging temperature of 215°F (102°C) was
261.0°F (127.2°C) with the coil energized. Using an activation energy of 0.94
eV, a service life of 5 years (43,800 hours), Equation 3 yields an aging time
for the Valcor SOV of 2232 hours (93 days) at an oven temperature of 215°F
(102°C) with the coil continuously energized.

The equivalent service life of the Valcor solenoid coil exposed to the
accelerated aging described above is approximately 9 years. To avoid
excessive overaging of the solenoid coils, a duplicate set of ASCO and Valcor
solenoid coils will be aged separately from the SOV assemblies. The duplicate
set of solenoid coils will be aged to an equivalent of 4 years for the ASCO
coils and 5 years for the Valcor coils. The solenoid coils will be aged in a
deenergized state. Using the parameters listed below for calculation of the
required thermal aging, a thermal aging period of 202 hours (8 1/2 days) is
required for the ASCO solenoid coil, and a thermal aging period of 350 hours
(14.58 days) is required for the Valcor solenoid coil.

Solenoid Coil Aging

Service Temperature Activation Aging Temperature Aging

Manufacturer (°F/°C) Energy (eV) (°F/°C) Time (h)
ASCO 215/102 1.0 350/177 202
Valcor 223/106 1.0 350/177 350
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11. OPERATIONAL AGING

The SOVs to be thermally aged will be cycled at their normal operating
temperature during the thermal aging portion of the test program to simulate
the degradation resulting from operation during plant service. The environ-
mental survey did not reveal any uniformity for the number of cycles expected
during plant service, primarily because of the application-specific nature of
cycling. Two thousand cycles for a 4-year life were selected based upon
knowledge of SOV use and engineering judgment. The SOVs will be cycled during
the thermal aging exposure while they are pressurized with the appropriate
process medium. The operational cycling will be integrated into the thermal
aging program so that, at the completion of the equivalent thermal aging
period simulating approximately one year, the thermal aging oven temperature
will be reduced to the plant service temperature (140°F, 60°C) and allowed to
stabilize at that temperature for a period of 2 to 3 hours. A total of 500
operational cycles will be performed at the service temperature. The thermal
aging oven will then be returned to the thermal aging temperature and the
equivalent of one year's aging will be performed. This process will be
repeated until the ASCO SOVs are aged to an equivalent of 4 years' life and
2000 operational cycles, and the Valcor SOVs are aged to 5 years' life and
2500 cycles.

Rationale

The number of cycles that an SOV will see in service depends on the
specific application of the device as well as the operational history of the
plant in which it is installed. Specific guidelines for operational aging of
two-position valves were identified in IEEE Std 382-1980 [3], which requires
2000 cycles for a 40~year valve life. Many of the SOVs used in nuclear plant
systems experience much more than 2000 cycles during a 40-year period;
however, it is unlikely that any would experience more than 20,000 cycles in
40 years. Consequently, 2000 cycles corresponds to 4 years of service under
conditions requiring the most frequent cycling expected. Since this value is
well within the capability of the valves in the program, it was chosen for the
operational aging element. '

IEEE Std 382-1980, paragraph 5.5.4 requires that 10% of the operational
aging be performed during the thermal aging simulation. In the previous
research program on SOVs [8], cycling at the thermal aging temperature was
found to be inappropriate since the elevated temperature of the seating
material and SOV body during cycling results in degradation not representative
of plant service. Therefore, the cycling will be performed at the peak normal
ambient gervice temperature (60°C) so that wear from cycling is more repre-
sentative. The operational aging will, therefore, be performed at the plant.
service temperature on an incremental basis. Each increment will equate to
one year's thermal aging combined with one year's equivalent operational
aging., The incremental cycling and thermal aging should be more representa-
tive of real time aging. in that the cyclic wear would be imposed over the
period of thermal deterioration rather than at the end of it.
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12. VIBRATION AGING AND SEISMIC TESTING
No vibration aging or seismic testing will be performed.
Rationale

During performance of a previous qualification research program [8]}, FRC
subjected one naturally aged, one artificially ageu, and one unaged SOV to the
complete seismic and vibration testing specified by IEEE Std 382-1980 (3]. 1In
these tests and subsequent functional testing, no discernible differences in
the performance of the three SOVs was observed. Furthermore, there was no
evidence that the seismic simulation tests had caused any degradation.
Consequently, seismic and vibration testing were omitted.
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- 13, DBE RADIATION EXPOSURE

The Group III and IV SOVs will be exposed to a minimum air-equivalent dose
of 200 Mrd of gamma radiation from a cobalt-60 source at an average dose rate
of 0.5 to 0.9 Mrd/h. The SOVs will be passive during this exposure.

At the conclusion of the DBE radiation exposure, the SOVs will be sub-
jected to the functional tests described in Section 8. The Group IV SOVs will
then be prepared for the LOCA/MSLB exposure as described in Section 14, and
the Group III SOVs will be disassembled and subjected to material testing
described in Section '15.

Rationale

The results of the environmental survey indicated that a DBE radiation
dose of 200 Mrd gamma would envelope the DBE radiat-on exposure calculated for
all of the plants responding to the survey.

The disassembly, internal inspection, and material testing of the Group

I1I SOVs will provide data on the degradation of the SOV elastomeric components
resulting from the aging simuletion and the DBE radiation exposure for the
artificially aged SOVs. Evaluation of the data from the naturally aged Group
111 SOVs will provide a basis for comparison of the effects of natural aging
~ and DBE radiation exposure on the elastomeric components with the data recorded

for the artificially aged SOVs. In addition, comparison of the data from the
Group III SOVs with the data recorded for the Group II 50Vs will identify the
degradation tesulting from the DBE radiation exposure.
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14, SIMULATED LOCA/MSLB EXPOSURE

The Group IV SOVs will be installed in the LOCA/MSLB test vessel, as
schematically illustrated ia Figure 5, and exposed to the steam, chemical-
spray, and high-humidity conditions resulting from a postulated LOCA/MSLB
event, as shown in Figure 6. During the LOCA/MSLB exposure, the SOVs will be
pressurized and cycled to simulate their in-plant usage.

The ASCO SOVs will be supplied with a pressure source (bottled air or
nitrogen) with a cylinder connected to the SOV process connection simulating a
device operated by the SOV. This arrangement is schematically depicted in
Figure 7. The ASCO SOVs will be pressurized (see Table 3 for the type of
process medium to be used) at a gage pressure of 60 1bf/in2 during the
test. A 125-Vdc power supply and appropriate control switches will be
supplied to energize and deenergize the SOVs. Current meters will be used to
measure the current drawn by the solenoids.

The Valcor SOVs will be supplied with a pressure source of oil-free
instrument quality air at a gage pressure of 100 1bf/in?. The SOV will be
piped as shown in Figure 8. A 125-Vdc power supply and control switches will
be used to energize and deenergize the SOVs. The current drawn by the
solenoid coil will be measured using dial indicator type current meters.

The SOVs will be continuously pressurized with the bottled gas until 3 h
elapsed time (ET) of the second transient. At that time, the SOVs will be
isolated from the pressure source until 10 min prior to the next cycling
period in order to avoid loss of bottled gas due to leakage. At each subse-
quent cycling period, the SOVs will be pressurized 10 min before cycling,
cycled, and left in the pressurized state for 10 min following cycling to
allow observation of any leakage.

The pressure/temperature profile of Figure 6 will be attained through the
use of utility-supplied process steam passed through a superheater to obtain
superheat conditions. Flow of the superheated steam into the test vessel will
be manually controlled throuzh observation of thermocouple signals on a strip-
chart recorder and differential pressure transmitter output to a stripchart
recorder.

A minimum of ten thermocouples will be placed in different portions of the
test vessel to monitor the temperature throughout the vessel. One thermo-
couple will be connected to a continuously recording stripchart recorder with
the remaining thermocouples connected to data loggers. The thermocouple
connected to the stripchart recorder will be used as the control thermocouple
for purposes of following the temperature profile and will be centrally
located in the test vessel but shielded from direct steam impingement.

A differential pressure transmitter with its output continuously recorded
on a stripchart recorder will be used to monitor the test vessel pressure. In
addition, a dial-indicating type pressure gage will be available for
comparison purposes.
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At 6-h ET from the start of the second transient, a chemical solution
will be sprayed into the test vessel. The spray will be applied by posi-
tioning nozzles directly above each solenoid housing so as to provide a
minimum spray rate of 0.7 gpm/ft2 of area in a horizontal plane that
includes the tops of the solenoid housings. The congested nature of the test
arrangement within the test vessel may perturb the spray patterns somewhat,
but the tops of the specimens will be covered by direct impingement of sprays
and by solution that bounces and flows from nearby structures.

Fresh spray solution will be used during the first hour (minimum) of the
spray period; thereafter, the spray solution will be recirculated from a posl
of spray solution which collects in the bottom of the test vessel.

The chemical solution will consist of 6200 ppm boron as boric acid, 50 to
100 ppm hydrazine, sufficient trisodium phosphate to obtain a pH of 8.5
(minimum), and sufficient sodium hydroxide to increase the pH to a level of
10.0 to 11.0 at room temperature. The water used to prepare the spray will be
dechlorinated by charcoal filtering. The pH of the spray will be measured
every hour during application of the chemical spray. If the pH level is-less
than 9.0, the recirculated solution will be replaced with fresh solution to
restore the pH level to a value of 10.0 to 11.0.

After the spray is terminated, a high-humidity condition will be provided
by maintaining a pool of solution in the bottom of the vessel at a temperature
approximately equal to the temperature of the vessel gases.

The SOVs will be operated at the times shown in Figure 4 and at the
voltage and pressure levels specified in Table 6.

The following parameters will be measured and manually recorded on data
sheets throughout the exposure.

Applied voltages

Steady state -dc currents

Applied inlet pressures

Cylinder pressures

Evidence of proper valve functions
Vessel temperature and pressures
Chemical spray rate (total flow)
Measurements of spray solution pH
Time of the measurements.

"0 00 0000O0O0

Any anomalous behavior of a solenoid valve will be investigated within
the limitations of the test arrangements, i.e., the SOVs will not be physically
accessible until the simulated LOCA/MSLB exposure is terminated.

Rationale

The Group IV valves were chosen for this exposure in order to provide
operability and material capability data for one set of SOVs that had been
subjected to natural aging, followed by DBE irradiation exposure and a ’
LOCA/MSLB exposure for comparison with SOVs that had been subjected to
accelerated aging followed by the remaining exposures.
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Table 6. Operation of Solenoid Valves During Simulated LOCA/MSLB Exposure

Vessel
Elapsed Code for Temperature Valve
Time Figure &4 (°F/°C) Operationl
Pre-test a 140/60 Cycle 10 times?
(approx. 1 h)
0.0 a 140/60 Valves energizedl
10 to 30 s b 300 o 420/ Deenergize valves
149 to 216
100 s to 3 min c 420/216 Cycle valves
5 to 11 min d 365/185 Cycle valves
13 to 15 min e 346/174 Cycle valves
1.0 h (approx.) £ 346/174 Cycle valves
2.5 to 3.0 £ 346/174 Cycle valves
5.5 h (approx.) a 140/60 Energize valves,ls2
cycle 10 times
Reset timer to 0.0 a 140/60 Valves energizedl
10 to 30 s . b 300 to 420 Deenergize valves
149 to 216
100 s to 3 min c 420/216 Cycle valves3
5 to 11 min d 365/185 Cycle valves
13 to 15 min e 346/174 Cycle valves
2.5 to 3.0 h f 346/174 Cycle valves
3.5to 4.0 h g 328/164 Cycle valves
5.5 to 6.0 h h 328/164 Cycle valves

Voltage
Levels (Vdc)

125

125

125

100
100
100
125
100

125

125

125

125
100
100
142
142

125

1. Valves are continuously energized prior to each transient, then
deenergized at approximately 10 s elapsed time, and remained deenergized
unless otherwise indicated.

2. Valves deenergized for 4 to 10 s, then reenergized. Repeat 10 times.

3. After test started, valves are cycled once by being energized for 10 s, or
long enough to allow observations, and then deenergized.
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Table 6. (Cont.)

Vessel .
Elapsed Code for Temperature Valve , Voltage
Time ‘ Figure &4 (°F/*C) Operationl Levels (Vdc)
6.5 to 7.0 h i 312/156 Cycle valves ' 125_
16 to 17 h j - 3127156 Cycle valves 125
23 to 24 h k - 312/156 Cycle valves 125
25 to 26 h 1 280/138 Cycle valves 125
46 to 48 h m 280/138 Cycle valves . 125
Once per week n,o,p  200/93 Cycle valves 125
starting at g,Tr
4.1 days
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The SOV test arrangement was selected to provide testing that was
representative of the physical conmection and process requirements in use in
nuclear power plants. Applied voltage levels stated in Table 6 were selected
on the basis of electrical margin requirements of Reference 3 and also to
account for conditions where the station batteries may be on a float charge
during post-accident recovery periods.

The LOCA/MSLB profile was taken from Reference l. The environmental
survey discussed in Section .7 yielded various profiles for LOCA, MSLB, and
combined environmental qualification conditions from the surveyed plants. With
the diversity in each of the profiles considered, it was deemed that the
profile used in the previous FRC research program would provide an adequate
envelope for all of the profiles supplied by the utilities responding to the
survey. Since each of the utility-supplied profiles returned to lower
temperature conditions (120° to 140°F) within a few hours of event initiatiom,
it was decided to lower the last phase of the LOCA/MSLB simulation from 250°F
to 200°F. Because the test ends after a 30-day LOCA simulation and some
applications may require the SOV to be functionable beyond 30 days post-LOCA,
200°F was chosen for conservatism.

A-48



P-C6096

15. MATERIAL TESTS

Material testing will be performed on elastomeric components from each of
the SOVs after they have been subjected to all environmental exposures for
_that SOV and the functional testing has been completed. Three types of
material tests will be performed on the components to determine their func-
tional capability at the conclusion of environmental testing. O-rings will be
subjected to Shore durometer testing in accordance with ASTM D2240-81 [5] and
“tensile testing in accordance with ASTM D1414-78 [6]. The core disc from the
ASCO SO0Vs and the lower seats from the Valcor SOVes will also be subjected to
compression testing in accordance with ASTM 575-83 [1l1].

With the functional groups established as they are, data on material
properties (and material property changes) will be obtained for:

0 new S0Vs

o SOVs subjected to accelerated aging with air as the process fluid
o SOVs that were naturally aged

o SOVs subjected to accelerated aging and DBE radiation

0 naturally aged SOVs that héve been exposed to DBE radiatiomn

o SO0Vs subjected to accelerated aging, DBE radiation, and a LOCa/MSLB
event

0 naturally aged SOVs exposed to DBE radiation and a LOCA/MSLE event

o ASCO SOVs that were subjected to accelerated aging using nitrogen as
the process fluid '

o ASCO S0Vs (nitrogen) with accelerated aging and DBE radiation

o ASCO SOVs (mitrogen) with accelerated aging; DBE radiation, and a
LOCA/MSLB event. -

The durometer testing will provide data on the relative change in hardmess
. of the components that results from the various environmental exposure; the
tensile tests will provide data on the change in percent elongation at break.
The compression and relaxation tests to be performed on the SOV seats will

show the relative change in the capability of the seats to provide a resilient
seating surface throughout the various states of the SOV's life.

To determine the suitability of the test data for relaxation and com-
pression tests, a trial run was made using & core disc seat from a naturally
aged ASCO SOV that had been in nuclear power plant service and from a core
disc seat that had completed the previous SOV research program performed at
FRC. Figure 9 depicts the results of the trial run. The deformation scale at
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the upper left corner of the graph shows the total compression of the core
disc seat at 500 psi. For the naturally aged core disc, the deformation was
0.10 in, and for the post-LOCA specimen, the deformation was 0.05 in. The
difference in the deformation at equal compressive loadings shows a substantial
hardening of the post-LOCA core disc resulting from the environmental stresses.
During this test program, materials that were exposed to equivalent environ-
mental stresses (e.g., natural ve artificisl aging) will be tested and
compared. e -

Rationale

The purpose of the material testing is to quantify the changes in
material properties through each successive environmental exposure aund to
provide a firm basis for comparison of the effects of baseline changes in the
test specifications (e.g., natural ves artificial aging). . The three test
procedures selected follow nationally recognized standards and should,
therefore, provide repeatable and accurate results, The three material
properties selected for testing (hardness, elongatfon, and compression) are
properties for which there are known specificatfons for the components in a
new state and ave reproducible in many laboratories. -
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16. DESCRIPTION OF TEST FACILITIES
16.1 THERMAL AGING

The thermal aging test facility will consist of a forced-circulation air
oven. Temperature uniformity throughout the volume occupied by test specimens
is equal to or better than +5°F (+ 3°C) relative to the average oven tempera-
ture. Fifty complete changes of air per hour are provided. The approximate
velocity of air through the oven is 250 ft/min across the midplane of the oven.

16.2 NUCLEAR RADIATION

The nuclear radiation facility will consist of a cobalt-60 source which
provides gamma radiation in an air environment. It is planned to subcontract
the radiation services to Isomedix, Inc., Parsippany, NJ.

16.3 SIMULATED LOCA/MSLB EXPOSURE

Steam is admitted into the vessel through a central perforated pipe shown
in Figure 5. Superheated steam is obtained by passing utility-supplied satu-
ated steam through a moisture separator and a stored-heat—bed heat exchanger;
the heat exchanger delivers steam at approximaely 100 1bf/in? gage pressure
and 600°F temperature. Saturated steam is available at approximately 150
1bf/in2 gage pressure (365°F temperature). Superheated steam vessel
temperaures are controlled by mixing the 600°F steam with small amounts of
saturated steam prior to injection into the test vessel.

Chemical spray is obtained by use of a high-pressure turbine pump and
wide~angle, full-flow spray nozzles.

Electric strip heaters external to the vessel and immersion heaters
within the vessel provide temperature control at vessel temperature below
approximately 250°F.

Appropriate temperature and pressure recording capabilities are provided.
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17. DOCUMENTATION

The documentation for the subject test program will include the following:

a.

The test plan and general procedures, which provide a general
description of the program for development of detailed planning. Any
subsequent changes in planning will be documented as in supplements to
this test plan; a complete description of the actual program will be
included in the comprehensive test report (Item c below).

FRC internal test procedures which provide detailed instructions for
the execution of the test plan. (The primary purpose of the test
procedurés is to assure that necessary preparations and tests are
conducted with proper data acquisition and documentation.) The test
procedures will reference this test plan for guidance.

A final report that will be a comprehensive documentation of the
program, including description of tests, arrangements, facilities,
summarized results, and conclusions. Detailed data and test logs will
be available as a separate data package. :

The final rebort will comply with Section 8.3(4) of IEEE Std 323-1974.
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July 6, 1987

Hr. Vince Bacanskas
Franklin Research

20th and Race Streets
Philadelphia, PA 19103

Dear Mr. Bacanskas:

Thia letter vill sunmarize the parameters pertinent to the irradiétion
of cne (1) stand containing tvelve (12) valves. Reference your Purchase Order
No. 76631 dated April 14, 1937.

A. Deescription of the Irradiated Materiasl
The irradiated material consisted of one (1) teat stand with six (6)

valves mounted on each of tvo levela. The individual specimana vere
identified by stamped metal tags vith the folloving FIRL serial numbers.

Lover Level Valves Upper Level Valves
6096-2 6096-20 6096-3 6096-14
6096-7 6096-21 £096-8 6096-15
6095-13 6096-26 6096-10 6096-27

B. Arrangements for Gamma Irradiation

The wounted valves constituted an exposure area of approximately 15
inches cubed. With the valves oriented around the perimeter of each level,
the four vay rotation methodology wvas used for processing. Dogimeters vere
placed directly on the valvea to determine the exposure rate.

Attached is a diagram shoving the stand’s horizontal and
vertical orientation to the source.

C. Procedure for Uniform Gamma Irradiation

For both levels, Lover and Upper, four (4) dosimeter positions,
identified as quadrants A,B,C and D, vere monitored to determine the
average center point dose rate. The stand waa rotated in 90 degree
intervala four times throughout its exposura. The rotation occurred when
the center point dose reached 25% of the required minimum dose. The total
length of time betwveen rotation intervals is called an exposure Phase.

B-2
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D.

E.

Calculation of the Pose

The minimum delivered dose to each level was calculated by the _
summation of the actusl dose values obtained in each of the four quadrente
for each exposure phase. The minimum reported dose is the lovest totaled
value from any of the four quadrents. The maximum reported dose is
higheat totaled value from any of the four quadrants. The following tebles

detail the dose verification values for each level.

Lover Lgéel Vglveé

Phage 1
Phage 2
Phage 3
Fhase 4

Totql Exposure Hre.: 332.0

Quadrant 4
Rate Hrs. Dose
.8 82.7 67.0

.61 86.8 52.9

.45 79.5 35.8
.58 83.0 48.1

Quadrant B
Rate Hrs. Dose
.58 82.7 48.0

.81 86.8 70.3

.61 79.5 48.5
.45 83.0 37.4

Quadrant C

Rate Hre. Dose

.45 82.7 37.2
.58 86.8 50.3
.81 79.5 64.4
.61 83.0 50.6

Quadrent D
Rate Hra. Dose
.61 82,7 50.4
«45 86.8 39.1
.58 79.5 46.1
.81 83.067.2

- Total 203.8

Upper Level Valves .

Phage 1
Phage 2
Phage 3
Phase 4

Quadrant 4
Rete Hrs.
.88 82.7 73.6
.53 86.8 46.0
.49 79,5 39.0
.52 83.0 43.2

Dose -

Total 204.2

Ninimum
. Maxiwum

Quadrant B
Rate Hrg. Doge
.52 82.7 43.0
.89 86.8 77.3
«53 79.5 42.1
.49 83.0 40.7

Total 202.5

Quadrant C
Rate Hrs. Dose
.49 B82.7 40.5
.52 866.8 45.1
.89 79.5 70.8
.93 83.0 44.0

Total 202.8

Delivered Dose: 202.5 Mrads
Delivered Dose: 204.2 Hrads

Quadrant D
Rate Hre. Dose
.93 82.7 43.8
.49 86.8 42.5
.52 79.5 41.3
.89 83.0 73.9

Total 201.8

Total 203.1

Total 201.5

Total 200.4

Total Biposure Hrs.: 332.0 Minimum Delivered Dose: 200.4 MNrads
. " Maximum Delivered Doge: 203.1 MNMreds
4/17/87
S/ 7/87

Starting Date:
Completion Date:

Posimetry

Dogimetry vas performed using Harvell 4034 Perspex domiwmeters
utilizing a Bauasch end Lomb Model 1001 spectrophotometer es the resdout
instrument. The Batch AG dosimeters vere ceslibrated traceable to a
recognized standards leboratory with the last calibration date being June
S, 1986. The spectrophotometer used (S/N 1215592F) was last calibrated by
Bausch and Lomb personnel on January 15, 1987 using standards treceable to
HBS. The measurement tolerance for this dosimetry eystem ig estimated to
be +8.0%. '
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F.

The dose rate values stated in this report have been calculated
by dividing rmeasured dose by expaosure time. Combining the estimated
uncertainty of the dose wmeagurement (+8.0X) vith that of the time
measuremgnt (+0.7X) yielda an uncertainty of +8.8% for doge rate
measurenenta.

The total dose valuea stated in this report are calculated by
multiplying measured dose rates by exposure time. Combining the eatimated
uncertainty of the dose rate memssurement (+8.8%) with that of the time
meagurement (20.7X) yielda an uncertainty of +9.5X for total dose
meaguremnenta.

Attached are copiea of the calibration recorda far the
inatrumentation used vith the dosimetry ayaten,

Quality Assurance

The processing of this material folloved the procedures outlined
in the Isomedix Inc. Quality Assurance NManual for Reactor Component
Processing, Revision H. The program specified in this manual is designed
to comply vith the quality assurance requirementa of 10-CFR-50, Appendix B
and the reporting requirements of 10-CFR-21.

Per your request, cbpies of all the vorksheets generated to monitor
the exposure of the teat specimang are attached.

Sincerely;

.‘Mé?&y/
Steven R Thompso

Manager Quality Assurance

B-4
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NOTICE OF ANOMALY

Customer: Franklin Research Institute
Purchase Qrder Ho.: 76631
Date of Hotice: July 6, 1987

Description of Anomaly:

A. The Purchase Order requests that the monitoring instrumentation for
dose and dose rates shall have an asccuracy of :8X. When considering
the estimated uncertainty to the time measurement of +0.7X, the
reported dose rete valueg have an uncertainty level of +8.8%. The
tine weasurement uncertainty in turn causes the reported doge values
to have an uncertainty level of +9.5%.

Technical Evaluation:

A. The total uncertainty of dose rate and total dose measuremente
remains belov 10%. The 10% margin applied per IEEE~-323 should be
sufficient to assure that the minimum required dose was achieved. The
customer 18 asked to evaluate the effect of thie on the equipment
qualification process.

Corrective Action:

A. By the end of May 1987, s nev batch of dosimeterg will be in use.
Studies vill be perforwed to reevaluate the precision of the
components of the system vhich comprige the +§%. Hev timing
instrusentation is being evaluated in order to reduce the effect of
the time measurement uncertaipty.

Jdnathan C Yo '
' Pllant Managér /
\. '
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CUSTOMER: Franklin Research

PURCHASE ORDER NO.: 76631

SIDE VIEW

— 45"

Coc60
SOURCE

30" STAND

TOP VIEW with DOSIMETER PLACEMENTS

A

Co60 SOURCE
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/ MILTON ROY COMPANY/Analytical Products Division \'

(Formerly a division of BAUSCH & LOMB)

MILTON ROY COMPANY, Analytical Products
Division, certifies that the instrument listed
below has been repaired, calibrated, aligned,
cleaned and operationally checked. This unit
meets or exceeds all operating specifications
as published by the manufacturer. Further,
all parts (excluding expendables) used and
labor performed to correct the original mal-
function were warranted for 90 days.

SPee. $T7AvDARDS ReeisRy H OR¢0239 Y

SPel. /foo/ RSS2 F

INSTRUMEN SERIAL NO.
A /S8
TIELD SERYICE ENGINEER DATE
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ISOMEDIX

JHICKNESS GAGE CALIBRATION RECORD

CALIB. Da'rsz___j{_/z_é/f]___ TECHNICIAN :~_af._:—zmm,/____
THICKNESS GAGE 1D:___7.30L — ___

1.)  THICKNESS GAGE EXAMINATION:

a.) NMechanism operates snoothly: Yes )(’ ¢ No ___
" b.) Contact pointe are clesn? Yes J(: ¢ No ___

(If ie or 1b answered “No", recommend to correct/repeair.)
. 2.) TRANSFER STANDARD GAGE BLOCKS EXAMINATION:

a.) Calibrated within 36 monthss Yes . , No
b.) Free of corrosion, dirt, & defects: Yes 7 , No

(If 2a of 2b answvered “No*“, replaéc noncomplying gage blocka)d
3. CALIBRATION DATA‘(all readinga in millineters):

1v7 Gage and stendarde stebilized 32 hr st room conditions.
:g{/sege set to 3,000 nm ueing 3.0 mm gage block standard.

| THICKNESS - DIFFERENCE WITHIN
GAGE BLOCK - GAGE CLIMIT LIMNITS?
STANDARD ~ READIKG 0.010 mm) (yes or no)
. 3.000 ma ) *
ID# ) ‘
2.500 ma ‘ : .
2.500 ma }
m#-..-‘.‘/.l_f/.[--.‘; _’-.é.-.d.'é&-v S /12 2 ----.gfoo_’.-
2.000 ma .

¥ H13R ---é’.’.d&éi-‘ 7 eyl

#(If reading is not 3.000, reset gage and repeat measurerent)

<.) GAGE ZERO OFFSET VALVE J. /02 (0 Q_ millinmeters

1M GAGE IN gﬁugggugg. Recelibretion due: __;Z&_/zj _____
21 GAGE NOT IN CALIBEATION.

Remove from service & repleace.

" Reviewed By:_ —

* ' Dete: i /L__XZ_,

-

THKCAL Rev. 2: 10/8%
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EXPOSURE TIMER CALIBRATION RECORD

lA’l'fw T 2)

"TIMERCAL 2
Rev. A, 6/86

1IBOMEDIX

mﬁxm CALIBRATION METHOD
1. Intermediate Clock (stopwatch)
(a) (b) {c) (d) {e) (£) »
NBS NBS Stopwatch
Time Time Elapged Elapaed Correction
Tast Stopwatch Signal Signal NBS Time Stopwatch Factor
Date o) gtart gtop (¢ = b) Time (d+ a)
Yifer AL §:23:20 4:33:20  GOmin. 1. 9mim  J.O
2. Exposure Timer
Type: J Off-Carrier Punch Clock; Congole Source~Up Timer
(g) {h) (1) (%)) (k) (1) (m) *»
Corrected Exposure Timer
Timer Elapsed A\ Erxor =
Initial Final Elapsed Elapsed Stopwatch
Test Timer Timer Tiner Time stopwatch pime .
Dbate _ID___  Reading Reading ~ _(i-h) ~Iime (k x £) (13 4) - 1) x 100
ylfer Gunn B 00386 06387.| /.0 A /- 0k 40 ]
48 60 mund). 60 mun’ .
* Linmits for 1(f) are: 1.000 £ 0.010 * & timits for 2(m) ares % 2.06
PERFORMED BY: REVIEWED BY: /
fey —  Aifsz
Technician Date Date !

QA oY Ylant (7&93:




ISOMEDIX

July 6, 1987

Nr. Vince Bacanskas

Franklin Research Institute
. 20th and Race Streets

Philadelphia, PA 19103

Re: Franklin Regearch Pﬁrchése Order Ho. 76631
Dear Nr Bacanekés:

Please find enclosed the entire file pertaining to the radiation
exposure as specified in the above Purchase Order.

Isomedix i8 hereby trensferring the record retention respongibilities to
Franklin Regearch. Isgomedix vill retain a copy of said file for historical
purposee only. ' : _

Please acknovledge receipt of the abuvelfile by signing the acceptance
belov and returning thie release form.

Accepted
Title

Date’

B-15



s DOSIMETRY RECORD el
.!:lm!‘ lsomedix (New Jersey ), Inc.  Whippany, NJ 07681
CUSTOMER F"“"‘“* Tl dy G2, | loThoNZ6eS ! gaton T AG-  SPeCTROPHOTOMETERNo, 1215512F
x&:::en Li::lo:N ABS, o e REMARKS TECHNICIAN DATE
lowee | & | Shs | 298 | 19y A
jé J$(1? '16;8 1’317 ‘ ‘ T v 1
C J70 | 310 | lo7
N | b8 | 297 | Lye
Oppe— | A 518 | Jo0 | .M
o 8 [397 | =297 | 123
C 390 | 207 l.16
N Lot |98 | 1.27 i

TITLE M’ \“\Qﬂ__

DATE

)




APPENDIX C

LIST OF DATA ACQUISITION INSTRUMENTS
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SSSUNSUUSRIETICEEILCORISERIESASBONNS

LIST OF DATA ACIUISLITICN INSTRUMFNTS

SSTSUSUSESTSUISHARAITRISBRNLLIEEES
PROJFCT 60962002

TIEN ZQUIPMENT VANUFPACTURLER MANUF, SERIAL RANGE/ ACCUMACY DATE CALIBRATION [ESULTS/
KUNBER NONENCLATURE NANE NODEL RO, NyMBER FEATURES TOLERANCE  CALIBRATED DYE STATUS
ol 1 » SERS
%027 o XEFCO LABS NONE KONE 0500 Ma OC 2% 6/15/87 6/15/4¢ USED FCR
1ILLIANPERE TES? CKT°S
YETFR
$028 oK S1PPSON 1227 06299 0500 uaA RC 2% 6/724/87 8724790 FOR TEST
NILLIAMPEPE : CKT'S
18178 GAGE ASPCROFT NONE 1702 0 IC toed PSIG 3% CF fFULL 09=12«86 09=12487 IN TOLERANCE
PRESSURE §CALE
10193 GAGE SARTON 227 227=197« =100 IN W,.C, 1.08 OF FIILL.  Q4=28«37 N4=28-08 IN TOLEPANCE
PRESSURE 14 SCALE 10 S0 IN
#,Ce WITH
/8 IN
ORIFICE
18187 GAGF NORDEN KETAY ACRAGAGE 1008 0 IC 200 PSIG, 1% CF FULL 6/25/497 5/25/88 IN TOLERANCE
PRESSURE AISI 316 1 PsS1/01V SCALE
TUBE -
16221 RECOROEN ZSTERLINE SPEED 908001 0.5 NV TO 100 0,2%% CF 04=29-37 10=29=47 IN TOLERANCE
SIRIP CHART AliGuS SERVO II vne FULL SCALE
L11025
1n340 GAGE UeS.GAUGE 10242 NeNE 0 IC 160 PSIC 1.5% OF FULL 09=12«86 09=12-137 IN TOLERANCE
PRESZURE SCALE
18348 GAGE AGHCROF? ANC=4289 NONF 0 I0 160 PSIC  1,.5% OF FULL Q9+12<86 0912-37 IN TOLERANCE
PRESSURE SCALE
18376 GAGF V.8, GAGE NONE NOME 0 10 169 PSIG 3% CF FULL 09=82=86 09=12~87 IN TOLERANCE
PRESSURE SCALE
10382 qage .8, GAGE NCNE 10243 0 IC lo0 PSIG 3% OF FULL 0921286 0921287 IN TOLERANCE
PRESSURE SCALE
10198 F1 1+ 4 .8, GAGE 1902¢ NONE 0 I0 200 PSIGC 1% CF FULL 09«15=86 0921587 IN TOLERANCE
POESSURE SCALE -

PAGE 1
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PROJECT 6098eu02

3RS REPSS e ERNRO S RORENUSESERUARS

LIST OF DATA ACONISITION INSTRUMENTS
SRRAREERSHTESSREARNCISICRNALRSERIRNSE

tTen FongenENY “ANUFACTURFR  WANUF, SERIAL QANGE/ 1eCHRAcY DATE  CALIBPATION  RESULTS/
FYMBER {CNENCLATURE NAME NODEL MO, NUMBER FEATHRTS *nrEOANCT  CALIBRATED JUE STATUS
EusR t 3.1 ] 3 ECITINTISTTRNTNRLRLTESNRINRS i
1939 14 3.5, GAGE t9n2e MONE A [P Sfa o5T5 1% FF SULI 59e1SeBf N9-135+87 IN TOLEFANCE
peEsSHAE FoLL otz srate
18402 GAGE 1.8, GAGE 19929 s0ne Tomoeut 3316 1N SF FhLL 0921586 NY9«1S=A7 IN TOLERANCE
SOESSIAE 3eaLE
10409 ARNEITR, OC GEREMAL Dwe9t NOuE KRR DN 2% CF $ULL 6718787 /13788 NACTIVE
ELECTRIC FiLL SCALF SCALE
18410 AWYETER, OC CEMERAL Dwedt NONF 0 10 Sop. A 2% OF FULL 6/15/87 %/15/80 IN TOLERANCE
ELECTRIC FYiLL SCALE SCALE
18413 AMNPTER, 0C  GENERAL Dredq NONE 0 TC S00 wA 2% OF FuULL 6715/97 5/15/88 IN TOLERANCE
: .o ELECIRIC - FULL SCALP seate Co ;
10432 - - awnerER, DC GENERAL . DHe91 HONE 0 IC Sg0 wa 2% CF FOLl 6§715/87 6/15/88 19 TOLERANCE
) ELECTRIC FULL SCALE SCALE
18420 GAGE .8, GAGE -MBA20C NONE - ne200 PSIG 0.5% BF FULL 09=12«A¢é 09«12«87 IN TOLERNANCE
PRESSURE ~ . : Lo e SCALE ‘ o C
4217927 GAcr ‘ngr1se cun C¥Ne217= 0 10 SO0 PSYG -  0.1% OF FHLL 0820186 ORe01eA7 IN TOLERANCE
PRESSURE s 0.5 PSI/OTY ~ SCALE
4217927 GAGr nEISE (L] CPMe237e 0 IC 300 PSIC 0.1% AF FULL O08=01=86 Ofe0fe8? tN TOLERANCE
PRESSURE 2s 0.5 PSI/DIY SCALE
42100133 VOLTAGE ANALEGEC AN3100 4460 0e31,1110 0.008% OF 07=28aR8 0720237 I8 TOLERANCE
STANDARD, 0C . . #Yse, Jeitl READING
} vne
4210031 VeLTAGE INALOCTC and100 460 0a11,1110 0,008 COF 07228a86 07=28<7 I8 TOLERANCE
STANDARD, DC NYCEC, Deiid REACING
¥ac
1210931 YCLTAGE ANALECIC ANI100 4450 0=11,1119 0.00%% COF 07«20288 072987 IN TOLERANCE
STANDARE, 0C e, oeg1i READING

vnC

PAGE 2
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SIUEYESRBUEEUSUSELAVSREBIERIVENR BN

LIST OF DATA ACOUISITION INSTRUMENTS
SHEBECRUCHSSISTSAIVISTIBVINIISIRRENS

PROJECT 6090-002

L2 ]
DATE CALTIBPATION

1TEM EQUIPMINT MANUFACTURFR MANUF, SEnIAL RANGE/ ACCURACY REBULIS/
NUNBE® NOMENCLATURE NAME WODEL WO, NUsBER FEATURES TOLERANCE  CALIBRATED DUE STATUS
zss ax s
210119 RECORDE™ LSTERLINE L11248 ©50436 0 1C Sun DEC F 0,29 CF 0429057 10=29=07 IN TOLERANCE
NULTIPOIN® ANGUS TYPE T 1/C 24 SEAN
POINTS
1219202 MULTIWEYER JOHN FLUKE 99008 36076 200¥Vel1200vEC  0.02% QF 07=31e87 0Y=3i=fg IN TOLERANCE
D1grIAL »ré Co 2«1200VAC FULL SCALE

200=20M0HMS
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