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Q.1 Please state your names.

A.1 Richard B. Miller and Thomas W. Dakin.

Q.2 Mr. Miller, are your address, present occupation, em-
plover, educaticnal backyround and professional work experience
described elsewhere in the record of this proceeding?

A.2 (RBM) Yes. The relevart informat.on is provided in
"Applicants' Testimony of Robert W. Prunty, Peter M. Yandow and
Richard B. Miller in Response to Tudleman Contention 9A
(ITT-Barton Pressure Transmitters)."

Q.3 Please elaborate on your professional experience that
is directly relevant to the testimony which you are presenting
regarding thermal aging of RTDs at the Shearon Harris Nuclear
Power Plant ("SHNPP").

A.3 (RBM) 7T have participated directly in the develop-
ment of Westinghouse testing methodnlogy which includes accel-
erated thermal aging. This involved discussions with research
facilities and other industry sources to determine which method
of accelerated thermal aging would be most appropriate for our
programs.

Q.4 Dr. Dakin, please state your address, present occupa-
tion, educational background, and pirofessional experience,
including that directly relevant to the testimony which you are
rresenting regarding thermal aging of RTDs at the SHNPP.

A.4 (TWD) My business address is Westinghouse Research
and Development Center, Pittsburgh, Pa. 15235. I am retired,

but still serve as a consultant to Westinghouse. My advanced

education led to an A.B., summa cum laude, in Chemistry at the




University of Minnesota in 1935, an M.S. in Physical Chemistry
from Michigan State University in 1938, and a Ph.D. in Physical
Chemistry in 1941 at Harvard University. I started as a re-
search fellow in the field of electrical insulation at the
Westinghouse Research Laboratory in 1941, advancing to & group
leader in 1946, section manager about 1950, and Department Man-
ager about 1965.

My research activities and the research activities of
those reporting to me at Westinghouse concentrated on the elec-
trical behavior and electrical and thermal aging of insulation
both in service and in laboratory tests simulating service en-
vironment conditions.

My first important paper relating to insulation aging
was published in 1948 in the Transactions of the American In-
stitute of Electrical Engineers ("AIEE") under the title "Elec-
trical Insulation Deterioration Treated as a Chemical Rate Pro-
cess." That particular paper has been very widely referenced
in the electrical journals. Starting about 1950 I participated
in a variety of working groups and committees in the AIEE -
(later to become the IEEE), to formulate accelerated aging test
standards. I also presented and published papers relating to
accelerated aging tests. Mort if not all of the precautions
regarding application of accelerated aging mentioned in the
Sandia Report referenced in Contention 9C (NUREG/CR-1466, SAND
79-1561) and other precautions also were discussed in my pa-

pers. A partial listing of my publications, including papers



dealing with thermal aging and accelerated life testing, is at-

tached hereto as Attachment A.

I was elected a Fellow of the IEEE in 1968, received
the Westinghouse Order of Merit in 1979, was awarded the first
distinguished Technical Achievement Award of the IEEE Electri-
cal Insulation Society in about 1980, and this year received an
IEEE Centennial Medal of the Society. From 1968 to 1980 I was
the principal U.S. representative in electrical insulation to
CIGRE, the Conference International Grand Reseaux Electrique.

=+> What is the purpose of this testimony?

A.5 (RBM, TWD) The purpose of this testimony is to re-
spond to Eddleman Contention 9C, which states:

It has not been demonstrated that the

RTDs have been qualified in that the

Arrhenius thermal aging methodology em=-

ployed is not adequate to reflect the actu-

al effects of exposures to temperatures of

normal operation and accidents over the

times the RTDs could be exposed to those

temperatures. (Ref. NUREG/CR-1466, SAND

79-1561, Predicting Life Expectancy of Com=-

plex Equipment Using Accelerated Aging

Techniques. )

Q.6 Mr. Miller and Dr. Dakin, how is ycur testimony orga=-
nized?

A.6 (RBM, TWD) Our testimony describec RTDs and their
functions at SHNPP, and the Westinghouse R.: qualification pro-
gram. It includes a discussion of the Arrhenius thermal aging
methodology as applied in the environmental qualification of

SHNPP RTDs. Our testimony also reviews the Sandia Report ref-

erenced in Contention 9C, NUREG/CR-1466, and presents our




conclusions as to the applicability of that Report to the I4NPP
RTDs.

Q.7 Mr. Miller, what is an RTD?

A.7 (RBM) An RTD, a resistance temperature detector, is
an instrument used to measure temperature in which the primary
element, a resistance wire, has a well-defined resistance-
temperature relationship. The primary element in the RTDs used
at SHNPP is a platinum wire. Signal conditioning equipment is
used to detect and amplify changes in the resistance of the
platinum element which correspond to changes in temperature.
These RTD signals are used in plant instrumentation systems.

Q.8 What types cf RTDs are used at SHNPP, how many of
each type are used, and where are they located?

A.8 (RBM) The RTDs used at SHNPP are manufactured by the
RAF Corporation. Eighteen Model 21204 RTDs are directly
immersed in bypass lines to the reactor coolant system. There

are three coolant loops at the SHNPP and these eighteen RTDs

are used to measure the "hot leg" and "cold leg" temperature in

each loop. These RTDs are directly immersed to provide rapid
time response measurements for use in the reactor protection
and control systems.

Six Model 21205 RTDs are installed in wells located
in the reactor coolant system piping to provide measurement of
the hot and cold leg temperature in e2ach locp for use in moni-

toring plant conditions.







inserted in the pipe. A stainless steel bellows hose protects

external wires from moisture penetration and physical damage.
(A helium leak test assures the adequacy of the moisture barri-
er provided by the bellows hose.)

The portion of the RTD inserted in the primary system
piping contains no age-sensitive materials. The organic mate-
rials in the external cable and cable interface are epoxy
potting material and silicone varnish cable coating. The epoxy
potting material is located to the right of the Swagelok nut in
Figure 1 and to the right of the adapter and Inconel spring in
Figure 2.

Q.11 Does the silicone varnish on the RTD cable lead per-
form a safety function?

A.11 (KBM) No. The silicone varnish is only used in the
manufacturing process to prevent the fiberglass insulation on
the cable from fraying during the manufacturing process. It is
not required for the RTD to perform its safety function.

Q.12 Does the epoxy potting at the cable-probe interface

perform a safety function?

A.12 (RBEM) Yes. The safety function that the epoxy
potting material at the cable-probe interface provides is that
of mechanical support and insulation for the wires at this
point.

Q.13 What is thermel aging?

A.13 (RBM) Thermal aging involves a temperature dependent
chemical process that can lead to changes in properties of

organic materials over a period cf time.



Q.14 What is accelerated thermal aging, and why is it nec=-

essary?

A.14 (RBM) Since real time aging is not practical over
the long time periods for which most electrical equipment must
be environmentally qualified for nuclear power plant applica-
tion, accelerated processes have been developed to simulate a
defined life over a much shorter period of time.

Q.15 Is accelerated thermal aging addressed by current
regulatory requirements?

A.1S (RBM) Yes. 10 C.F.R. 50.49(e)(5) requires that
"(e]quipment qualified by test must be preconditioned by natu=-

ral or artifical (accelerated) aging to its end-of-installed

life condition." (Emphasis added.)

Q.16 Dr. Dakin, what is the Arrhenius methodology of ther-
mal aging?

A.16 (TWD) The Arrhenius methodoliogy is based on the
premise that deterioration of materials in service is due to
chemical reactions. These reactions occur internally, some=-
times between components of the material and sometimes with
compounds in the environment such as oxygen or water vapor. It
is widely-known that chemical reactions occur more rapidly at
increased temperature. Arrhenius in the last century showed
theoretically that the temperature dependence of chemical reac-
tions followed an exponential equation:

ratervexp (-E/KkT)~~a constant/time



where T is the Kelvin temperature (degrees C +273);
E is the activation energy of the chemical reaction
(electron volts); and
k is the Boltzmann gas constant (electron volts/
degrees Kelvin).
The activation energy is characteristic of the material and the
significant chemical change. This equation provides the theo-
retical basis for accelerated aging tests.

It is postulated that there is a consistent correla-
tion between the amount of physical change and the amount of
chemical reaction. Therefore the time to reach a selected
amount of physical change will vary according to the Arrhenius
equation, rearranged as follows:

time tc reach a specified changeasexp (-E/KT)
Usually this equation is changed to the logarithmic form:

Ln(time)~.(~-E/KT) = (=-E/k)/T

and the logarithms of times to change are graphed versus recip=-
rocal Kelvin temperature, as illustrated by Figure 3 (attached
hereto), which is based on electrical tests of an epoxy resin
laminate after aging. The quantity, E/k, is the slope oi the
graph. The value of E, the activation energy, ranges between
about 0.5 to 1.5 electron volts depending on the material and
the significant chemical reaction of interest. The times to
reach a specified level of deterioration (in this example 50%

of the original dielectric stren/ ;th) are graphed. Such data

are extrapolated down to expected continuous service
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described in WCAP-8587, "Methodology for Qualifying

Westinghouse WRD Supplied NSSS Safety Related Electrical Equip-
ment," has been accepted by the NRC. "Safety Evaluaton Report
of Westinghouse Equipment Qualification Documentation WCAP
8587, WCAP 8587 Supplement 1, WCAP 8687 Supplement 2, and WCAP
9714: Seismic and Environmental Qualification of Safety Relat-
ed Electrical Equipment" (November 10, 1983). The accelerated
thermal aging techniques discussed in WCAP-8587 are based on
Arrhenius methodology.

Q.18 Describe briefly how and for what period of time the
RTDs for SHNPP were environmentally qualified.

A.18 (RBM) The overall RTD qualification program includes
thermal aging, thermal cycling, irradiation aging, and vibra-
tion aging, as part of the preconditioning process. In addi-
tion to and following the normal thermal aging, the RTDs are
temperature cycled to account for the effects of expected plant
heatup and cooldown cycles. They are also exposed to radiation
simulating normal operation and accident conditions as well as
vibration simulating the effects of pipe and flow vibration.
This generic preconditioning process simulates a minimum 20
year life for the RTDs installed in the bypass lines and a
minimum 10 years for the RTDs installed in the wells. After
this preconditioning the RTDs are subjected to the effects of a
seismic event and a high energy line break environment.

Q.19 Please describe how the Arrhenius method was applied

in the environmental qualification of the RTDs for SHNPP.




A.19 (RBM) Since the epoxy is the only safety-related age

sensitive material used in the RTDs, the activation energy for
this material was selected. Using the Arrhenius equations and
the ambient temperature at the cable interface, an aging tem-
perature was calculated which would simulate the desired life
at an accelerated rate and not inadvertently degrade the mate-
rial due t> the high temperature alone.

Q.20 What is the ambient temperature at the cable
interface to which the RTDs will be exposed during normal op-
erating conditions, and how was it determined?

A.20 (RBM) The ambient temperature at the cable interface
is equal to the normal ambient temperature in this region plus
the expected temperature rise associated with heat transfer to
this interface from the reactor coolant system. The normal
ambient temperature surrounding the cable interface porticn cof
the RTD assembly was determined by Carolina Power & Light Com-
pany to be 120°F (approximately 50°C). FSAR § 3.11.4.4. In
addition, Westinghouse performed heat transfer calculations to
determine the temperature rise expected at this interface which
accounts for heat transfer from the reactor coolant system.

The temperature rise will be limited to 50°C as long as a mini=-
mum air velocity is maintained. Therefore, using a normal
ambient temperature of 50°C and the expected temperature rise
of 50°C, the temperature to which the RTDs will be exposed is

100°c.




Q.21 What was the activation energy used to calculate the
temperature to which the equipment was exposed during qualifi-
cation testing and to calculate the time duration of the test?

A.21 (TWD) Since the epoxy performs structural and insu-
lating functions, an activation energy of 0.98 electron volts
was selected, which is consistent with these parameters. This
selection of 0.98 electron volts was a conservative choice
based on an examination of a large amount of test data on epoxy
resin systems.

Q.22 Was the Arrhenius method used to simulate accident
conditions as well as normal operating conditions?

A.22 (RBM) Yes, but only in the post~accident period.

The first day following a high energy line break is simulated
in real time and temperature. Following the first day of
testing the remaining post-accident period is simulated by ac-
celerated thermal aging. Westinghouse employs a standard acci-
dent profile which uses a conservative 0.5 electron volt
activation energy to calculate the time/temperature relation-
ship during this period. The RTDs were subjected to this ge=-
neric profile.

Q.23 What were the results of the accelerated thermal
aging portion of the qualification testing for SHNPP RTDs?

A.23 (RBM) After the accelerated thermal aging portion of
the qualification test was completed, certain tests were per-
formed. These tests were calibration checks at 32°F, 525°F and
625°F as well as insulation resistance measurements. No

degradation of the RTDs was detected during these tests.

T



Q.24 Has the NRC Staff accepted Westinghouse's qualifica-
tion testing of the RTDs used at SHNPP?

A.24 (RBM)} Yes. As I indicated in response to Q.17, the
Westinjhouse qualification programs for electrical equipment,
including safety-related RTDs, have been accepted by the NRC
Staff on a generic basis. The NRC Staff specifically approved
the qualification of RTDs. This generic testing envelopes the
environmental conditions, including temperatures, for which the
SHNPP RTDs must be qualified.

Q.25 Dr. Dakin, are you familiar with NUREG/CR-1466, enti=-
tled "Predicting Life Expectancy and Simulating Age of Complex
Equipment using Accelerated Aging Techniques," first published
by Sandia National Laboratories as a consultant's report to the
NRC ("Sandia Report")?

A.25 (TWD) Yes.

Q.26 Flease briefly summarize the Sandia Report.

A.26 (TWD) The Sandia Report discusses the application of
the Arrhenius relation of temperature to aging much as I have
outlined in answering Q.16. This report discusses the useful-
ness cf the Arrhenius relation in accelerated aging tests but
also discusses possible conditions which would invalidate the
use of this relation for extrapolation from accelerated aging
tests. The report points out the need for a single chemical
reaction to control the aging of the material over the whole
temperature range from accelerated test temperatures down to

service temperatures. If, for example, moisture diffusion were

«13e



controlling at lower temperatures, this would change the slope

of the Arrhenius type graph to a lcwer slope and predict a
shorter failure time than predicted by extrapoclating high tem-
perature tests. I have cautioned against such effects in sev-
eral of my own papers from the first one on this subject in
1948 and later ones up to about 1960.

Q.27 Whiclk type of testing does the Sandia Report primari-
ly address, qualification testing or materials testing?

A.27 (TWD) This Sandia Report discusses primarily materi-
als testing.

Q.28 In the materials testing of the epoxy used in the
SHNPP RTDs, did the epoxy exhibit an Arrhenius dependence on
temperature?

A.28 (TWD) Yes.

Q.29 What implications does this have for qualification
testing of the RTDs?

A.29 (TWD) It indicates that the qualification test is a
satisfacctory confirmation of the long-erm useful life of the
epoxy resin.

Q.30 Do auy of the "predictive d.fficulties" discussed in
the Sandia Report apply to the epoxy used in the SHNPP RTDs?

A.30 (TWD) None of the predictive difficulties discussed
in the Sandia Report applies because the insulation system of
the RTD connector and cable is sealed against moisture, so that
diffusion of moisture is prevented. Moisture diffusion is the

only potentially invalidating conditicn, referred to in the

14~
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Figure 3. Time to Reach 50% Dielectric

Strength of an Epoxy
Laminate (Grade FR4, 1/16") '

Data from UD-NEMA Report 821




