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ABSTRACT

This report presents the results of a seismic testing program on naturally aged class 1E
- batteries obtained from a nuclear plant. The testing program is & Phase II activity resulting
from a Phase I aging evaluation of class 1E batteries in safety systems of nuclear power
plants, performed previously as a part of the U.S. Nuclear Regulatory Commission’s
Nuclear Plant Aging Research Program and reported in NUREG/CR-4457. The primary
purpose of the program was to evaluate the seismic ruggedness of naturally aged batteries
to determine if aged batteries could have adequate electrical capacity, as determined by tests
recommended by IEEE Standards, and yet have inadequate seismic ruggedness to
provide needed electrical power during end after a safe shutdown earthquake (SSE) event,
A secondary purpose of the program was to evaluate sclected advanced surveillance
methods to determine if they were likely to be more sensitive to the aging degradation that
reduces seismic ruggedness. The program used twelve batteries naturally aged to about
14 years of age in & nuclear facility and tested them at four different seismic levels repre-
sentative of the levels of possible earthquakes specified for nuclear plants in the
United States. Seismic testing of the batteries did not cause any loss of electrical capacity.
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EXECUTIVE SUMMARY

Batteries are the only installed source of electrical
power to provide for monitoring of plant conditions
and control of soms systems of the nuclear reactor in
the eveat of a station blackout (all offsite power is lost
and the diesel generators do not start). Thess batteries
are composed of negative and positive plates that con-
tain a lead compound known as active material that
chemically combines with the electrolyte to provide
the current during discharge. The plates are separated
by an insulating material and are connected to output
terminals, The assembly of plates and separators is
submersed in an electrolyte, which is enclosed in a
container. Approximately 60 individual 2~V cells are
connected together to form a typical 125-Vdc battery
bank that has enough voltage and electrical capacity to
provide the needed electrical power for a required
period of time, which is specified by the safety
analysis that is performed for each nuclear plant.

Aspart of the U.S. Nuclear Regulatory Commission
(NRC) program for Nuclear Plant Aging Research
(NPAR), a Phase I study of battery aging was per-
formed and reported in NUREG/CR-4457, “Aging of
Class 1E Batteries in Safety Systems of Nuclear Power
Plants,” The study concluded that significant aging
effects for old batteries are growth of positive plates,
loosening of active material in plates that have grown,
" loss of active material caused by gassing and cor-
rosion, and embrittlement of the lead grids and straps.
The results of these effects are decreased electrical
capacity and decreased seismic ruggedness that, dur-
ing a seismic event, can lead to decreased electrical
performance or complete failure. Since batteries are
susceptibls to aging degradation that could cause old
batteries to be vulnerable to severs seismic events, a
test program, sponsored by the NRC, has been con-
ducted to determine if it is possible for the seismic
ruggedness of aged batteries in nuclear plants to be in-
adequate, even though the measured electrical capacity
is satisfactory, as determined by tests reccommended by
IEEB Std 450-1987, “IEEE Recommended Practice
for Maintenance, Testing, and Replacement of Large
Storage Batteries for Generating Stations and Sub-
stations,” In addition, selected alternate surveillance
methods have been evaluated during the testing pro-
gram to determine if any of them are likely to be more
sensitive to battery degradation than the surveillance
and testing methods specified in IEEE Std 450 and
Regulatory Guide 1.129, “Maintenance, Testing, and
Replacement of Large Lead Storage Batteries for
Nuclear Power Plants.”

The batteries tested were manufactured by C&D
Batteries and were obtained from a nuclear facility
where they were naturatly aged to 13-1/2 years,
Records provided by the nuclear facility indicate
that the batteries were maintained and tested in accor-
dance with practices that are consistent with those
found in IEER Std 450. The batteries were fabri-
cated with lead-calcium plates, and discussions with
C&D personnel indicate that they were typical of
batteries presently being installed in nuclear faci-
lities. Bach cell had a rated 8-hour electrical
capacity of 1350 ampers-hours, was 7-5/8 in. long,

- 14-1/8 in. wide, 22~1/16 in. high, and weighed
about 240 pounds.

The batteries were installed on a shaks table using a
new battery rack purchased from the battery vendor
and were tested to seismic spectra that are typical of
those required for safe shutdown earthquake (SSE)
events in nuclear facilities in the United States. Infor-
mation received from selected nuclear plants and the
Electric Power Research Institute (EPRI) was used 1o
specify the required responss spectrum (RRS) for the
seismic tests. The tests were conducted using four dif-
ferent seismic levels that were the best estimats for the
RRS that encompasses 50%, 85%, 95%, and 100% of
the nuclear plants in the United States. During the
seismic tests, the batteries were discharged at 2% of
the 3-hour rate with current and battery voltages being
monitored to detect the existence of catastrophic
failure, The electrical capacity of each battery was
determined before and after the seismic testing,

During the preseismic, seismic, and postseismic
tests, altemate surveillance and monitoring methods
were employed to determine whether other methods
may be more sensitive to aging-related degradation
than the standard volt-ampere tests that determine the
electrical capacity of batteries. The alternate monitor-
ing methods employed were (a) measurement of inter-
nal resistance, (b) measurement of capacitance, and
(c) measurement of battery polarization (comparison
of battery voltages measured while increasing dis-
charge current with thoss obtained with decreasing
discharge current). These measurements were sug-
gested for their capacity to provide an indication of
battery condition as a result of investigations per-
formed by the Westinghouse R&D Center for Sandia
National Laboratory (SNL) in 1986.

Results of the seismic tests indicats that the capacity

of the lead—calcium batteries of this design did not
decrease as a result of shaking at seismic levels that
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include the most severe SSE levels specified for batter-
ies in nuclear plants in the United States. In fact, the
average electrical capacity (ampere-hours) of batteries
tested at the 100% seismic level increased from a
preseismic capacity of 96% to a postseismic capacity
of 98%. The batteries did not show degradation as a
result of seismic testing, except for some scrape marks
on the cases caused by tie rods in the battery rack and
dislodging of some fiberglass in the plate separator
mats. None of these degradations decreased the electri-
cal capacity of the batteries. The battery rack suffered
some bending of structural components as a result of
the most severe seismic excitation. However, the
battery rack held the batteries in place at all times and
performed the intended function. Posttest disassembly
of selected batteries showed that some corrosion of the
weld joint between the positive plates and the buss/
terminal assembly had occurred as a result of the patu-
ral aging process. However, this degradation did not
interfere with the seismic performance. Metallurgical
examinations showed that a large grain structure
existed at the weld area. The larger grain structure of
the weld makes it susceptible to corrosion and would
explain the observed corrosion.

‘The results of employing the alternate surveillance
methods indicate that measurement of capacitance and
intemnal resistance can be obtained with repeatability
and may provide an indication of battery condition, if
the measurements were taken over the lifetime of the
battery. Polarization and discharge current interruption
" aretwo techniques that are capable of measuring inter-
nal resistance, while discharge current interruption is
als0 capable of measuring battery capacitance. It
appears that these measurements would be most useful
if they could be made while the batteries were new and
then repeated at regular intervals to obtain a pattem of
change with time.

As a result of seismic tests on naturally-aged batter-
ies that were 14 years old, we conclude that when
batteries are maintained and operated in accordance

with IEEE Std 450 and Regulatory Guide 1.129, the
following may be expected of equivalently designed
and manufactured lead—calcium batteries:

e Little, if any, electrical capacity will be lost as
a result of seismic shaking at levels that are
typical of the most severe levels required for
SSE in the U.S. This finding indicates that
adequate seismic ruggedness will be retained
in batteries and racks of equivalent design
and material to meet the requirements for the
most severe SSE events.

e Some internal damage to the plate separators
may be expected at the most severe geismic
levels. However, this damage is not expected
to prevent the batteries from providing at

.lJeast 80% of rated capacity during and
immediately following the most severe
seismic event.

¢ - Naturally-aged batteries may show evidence
of corrosion at the joint between the positive
plates and the positive plate strap (buss). Ina
well-made joint, this corrosion should not
cause the seismic ruggedness to be in-
adequate for the most severe SSE events ex-
pected for the U.S. However, batteries should
not be operated at elevated temperatures or
charged excessively to avoid this corrosion,
which could then progress rapidly enough to

- result in inadequate seismic ruggedness. -

Because most aging mechanisms cause both
decreased electrical capacity and reduced seismic
ruggedness, it appears that the tests recommended by
Std 450 not only provide a method of monitoring
electrical capacity of current generation nuclear station
batteries, but also provide an indication of adequate
seismic capability when the batteries are maintained
and operated in accordance with IEEE Std 450 and
Regulatory Guide 1.129. '
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AGING EVALUATION OF CLASS 1E BATTERIES:
SEISMIC TESTING

1. INTRODUCTION

Batteries are the only installed source of electrical
power to provide for monitoring of plant conditions
and control of some systems of the nuclear reactor in
the event of a station blackout (all offsite power is lost
and the diesel generators do not start). Since batteries
are susceptible to aging degradation that could cause

- old batteries to be vulnerable to severe seismic events,

a test program was conducted to determine if it is pos-
sible for the seismic ruggedness of aged batteries in
nuclear plants to be inadequate even though the elec-
trical capacity is satisfactory. In addition, selected
advanced surveiflance methods were evaluated during
the testing program to determine if any of them were
likely to be more sensitive to battery degradation than
the surveillance and testing methods required in
IEEE Std 450-1987, “IEEE Recommended Practice
for Maintenance, Testing, and Replacement of Large
Storage Batteries for Generating Stations and Sub-

-stations,”! and Regulatory Guide 1.129, “Main-

tenance, Testing, and Replacement of Large Lead
Storage Batteries for Nuclear Power Plants.” This
section of the report describes some work that has been
performed and the organization of this report. Note
that even though the term “cell” is usually defined as a
single electrical cell and “battery” refers to & number
of cells connected together, the term “battery” will be
used in this report to describe both a single cell and a
group of connected cells,

1.1 Background

As part of the U.S. Nuclcar Regulatory Commission
(NRC) program for Nuclear Plant Aging Rescarch
(NPAR), & Phase I study of battery aging was per-
formed and xeponed in NUREG/CR-4457, “Aging of
Class 1E Batteries in Safety Systcms of Nuclear Power
Plants.” The study reviewed testing performed by

others, studies that have been conducted, and reports of \
' operauonal experiences.

The study concluded that significant aging effects
for old batteries are growth of positive plates, loosen-
ing of active material in plates that have grown, loss of
active material caused by gassing and corrosion, and
embrittlement of the lead grids and straps. The results
of these effects are decreased electrical capacity and
decreased seismic ruggedness that, during a scismic

event, can lead to decreased electrical performance or
complete failure, -

In general, the same aging mechanisms cause both
decreased electrical capacity and reduced seismic
ruggedness. These mechanisms are elevated tempera-
ture, oVa'charging, acripple, low electrolyte level,and

- impurities in the electrolyte, There are a few mecha-

nisms which lead only to a decrease in seismic rugged-

‘ness because they affect the case (container) but not the

components inside the battery; examples are defects
caused by handling and the use of solvents to clean the
cases. It appears that it is possible for the mechanisms
that affect both electrical capacity and seismic rugged-
ness to have a greater effect on seismic ruggedness
than electrical capacity.

The above conclusion is supported by research
performed by Sandia National Laboratories
(SNL).4567 Naturally aged batteries (fabricated by
three different manufacturers) that were 10 to 23 years
old had retained an average electrical capacity of 98%;
the electrical capacity, however, dropped to an average

‘of 72% when the batteries were subjected to seismic—

fragility testing at a zero period acceleration (ZPA) of
1.5 to 1.7 g. Electrical capacity after scismic testing at
a ZPA of 2 g ranged from 0% (catastrophic failure) to
87%, with the average being 32%. The capacity of new
(unaged) batteries only dropped from an average
capacity of 96% to an average of 85% after scismic
testing at about 2 g.8 These figures demonstrate that
while aging may cause only a small decrease in electri-
cal capacity, seismic ruggedness in certain designs
could be greatly reduced. It is recognized that the tests
conducted by SNL used seismic levels greater than
those required for battery qualification. Yet, the tests
demonstrate that it is possible for aging to have a great-
er effect on seismic ruggedness than on electrical
capacity.

~ It should be remembered that seismic ruggedness
is greatly influenced by battery cell design. The jar
material and design, the method of attaching and sup-
porting the plates, and control of the manufacturing
processes are all major contributors to any battery’s
ability to withstand high levels of seismic acceleration.
Since there are three manufacturers of nuclear plant
batteries, caution must be used in treating the results of
this program in a completely generic fashion. In



addition, battery and rack must be considered as an as-
sembly. When dynamically responsive racks are used
{such as thoss used in this program), the stress imposed
on the battery is amplified—up to five times the actual
floor acceleration. Another manufacturer’s rack may
be more rigid or employ vertical restraints, either of
which lessens the seismic stress imposed on the cells,
in which case the cells need not be as robust as those
mounted on a rack that is dynamically responsive,

The IEEE Std 4501987 recommends that batterics
should be replaced when the electrical capacity has
decreased to 80% of rated capacity. Considering that
aged batteries were observed to decrease in capacity
from 98% to 72% as a result of high-level shaking, it
appears that a degraded older battery with a capacity
near 80% would be unabls to supply the demanded
electrical power as a result of shaking. The demanded
power (design load) is different for each plant, but
could be as high as 70% of rated capacity and yet meet
the requirements of IEER Std 435-1983, “IEEE Rec-
ommended Practice for Sizing Large Lead Storage
Batteries for Generating Stations and Substations.”®

Althougb batteries are now seismically qualified to
the requirements of IRER Std 535-1986, “IEER Stan-
dard for Qualification of Class 1E Storage Batteries for
Nuclear Power Generating Stations,”10 (which re-
quires aging to end-of-qualified-life prior to seismic
testing) and are qualified for 15 to 20 years of service,
actual life could be less than qualified life if their op-
erational conditions, including maintenance practices,
were more severs than the conditions for which they
were qualified. These batteries could, then, be operat-
ing with adequate electrical capacity but inadequate
seismic ruggedness, if seismic ruggedness decreased
more rapidly than electrical capacity. Some examples
of severe operating conditions are high eavironmental
temperature, too many deep discharge cycles, over-
charging, low electrolyte level, and impurities in the
clectrolyte, Deep discharges occur when most of the
battery’s ampere-hour capacity is used. Overcharging
may be caused by continued charging at an excessive
voltage, i.e., floating at a higher than recommended
voltage. Also, the accelerated aging practices per-
mitted in IEEE Std 535 may not fully duplicate the
aging effects experienced by naturally aged batteries.
Many old batteries at nuclear plants were not qualified
to IBER Std 5385, and they could become vulnerable
to a scismic event prior to reaching the end of their
electrical life,

Standard testing and monitoring methods provided

in IEER Std 450 and Regulatory Guide 1.129 only pro-
vide for measurements of temperature, voltage, and

electrical capacity as well as some visual inspections.
However, these tests are not designed to detect the
degradation of batteries that causes seismic valner-
ability. In addition, the tests conducted by SNL did not
provids information concerning the seismic rugged-
ness of batteries at seismic levels near those used for
quahﬁcation.

1.2 Ob]ectives

ﬂwspecnﬁcobjecﬂvesofﬂﬂspmyamwere: @t
determine if the seismic ruggedness of aged batteries
in nuclear plants might be inadequats, even though the
electrical capacity is satisfactory; and (b) to evaluate -
selected advanced surveillance methods to determine
if any of them might be more sensitive to battery
degradation than the surveillance and testing methods
required in IEER Std 450-1987 and Regulatory
Guids 1.129.

Associated with thess specific objecﬁvcs were the
general objectives of the NPAR Program as stated in
NUREG-1144,Rev. 1, 1! which are to:

s Identify and characterize aging and service-
wear effects associated with electrical and
mechanical components, interfaces, and sys-
tems likely to impair plant safety

¢ . Identify and recommend methods of inspec-
tion, surveillance, and condition monitoring
of electrical and mechanical components and
systems that will be effective in detecting sig-
nificant aging effects befors loss of safety
function so that timely maintenance and
repair or replacement can bs implemented

¢ Identify and recommend acceptable main-
tenance practices that can be undertaken to
mitigate the effects of aging and to diminish
the rate and extent of degradation caused by
aging and service wear.

1.3 Scope

The scops of the program was to provide test results
that would lead to one of two conclusions: (a) batteries
aged to near the end of electrical life retain adequate
seismic ruggedness, and additional surveillance testing

- is not required; or (b) aged batteries may not retain

adequate seismic ruggedness, and therefare additional
surveillance testing or revised replacement criteria are
recommended. In addition, the program was to provide
test data that would permit the evaluation of selected
advanced surveillance methods to determine if any of
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them would be more sensitive to batiery degradation
thanmesmeillanceandtesungmethodsrequimdin
IEEE Sud 450-1987 and Regulatoxy Guide 1.129.

Toaccomphshtheabovescopeandmeetthepro—

1

gram objectives, the following steps were performed:

Obtained naturally agedbanenesthaxamrep—
resentative of batteries found in nuclear

plants,
Reviewed advanced surveillance and testing

“methods that have been identified. Selected
" the methods that were believed to be most

likely to provide an indication of battery con-

-dition for further testing.

Reviewed seismic levels at a variety of nu-
clear plants to determine the range of seismic
levels to utilize in the test program.

. 4. Prepared, reviewed, and approved a test
. plan that described, in detail, the tests to be
B cmducted ' } ,

s 'Performed seismic testing in accordance wnh
the test’ plan

6. Tested sclected advanced snrvenllance
methods.

', 7. Ahalyzedtest datamamachea conclusnons

Secuon 2 of this report provndes a brief descnpnon
of the batteries tested. The test program is described in
detailin Section 3, followed by a discussion of the test
results in Section 4. Finally, conclusnom are dxscussed

mSecuonS



2. DESCRIPTION OF BATTERIES TESTED

Batteries for class 1E applications at nuclear power
plants are typically composed of many (60 for a
125 Vdc system) individual lead-acid storage cells
that are connected together to provide the needed volt-
age and current for emergency situations. These cells,
then, are the fundamental unit of the battery. The
essential parts of the cell are two dissimilar electrodes
immersed in an electrolyte held in a suitable container.
The two dissimilar electrodes are composed of active
material contained within a grid structure (usually
referred to as a plate). The active material on both elec-
trodes chemically combines with the electrolyte to
provide the current during discharge, with the chemi-
cal reaction being reversed when the cell is being
charged. If impurities are present, other reactions may
occur which can cause the cell to be prematurely
discharged.!2 The components of the reaction are
insoluble in the electrolyte, Thus, under normal oper-
ating conditions the active materials remain in their
respective positions.

The grid of a cell has two functions: first, as a support
for the active material, which is not normally self sup-
porting; and, second, as a conductor to transmit current
from all parts of the active material to the plate terminal.
Figure 1 shows a typical grid assembly. The plates are
fused to conductors (straps) and posts at the top of the

Terminal for grid
{o strap connection

Figure 1. Typical grid assembly for a pasted plate.

cell that transmit current from the plates to extesnal con-
nections to the cell. The straps are slotted to facilitate
fusing of the final battery assembly. Positive plates typi-
cally hang from the positive plate straps, container side
walls, or are cantilevered from the negative plates to
allow for positive plate growth, The negative plates are
usually supported by the negative plate straps and by
feet that rest on the floor of the battery case,

The lead oxide (PbO) active material is applied to
the supporting grids in the form of a puttylike paste
consisting of lead powder mixed with a tiquid (water,
dilute sulfuric acid, or other aqueous solution), and
then allowed to set and dry. The plates are formed by
immersing the grids in dilute sulfuric acid and passing
current through them, with opposite polarities for the
positive and negative plates, The PbO is converted to
Pb0; in the positive plate and Pb in the negative plate,

Separatorsare installed betweenthe plates to provide
a physical separation and yet allow conduction of ions
through the electrolyte between electrodes of opposite
polarity. A cover completes the containment so that the
electrolyte does notescape or contaminantsdonotenter
the container. A ventisnecessary 10 provide an opening
for both the addition of electrolyte and the escape of
gases formed during charging, Figure 2is a sketch of
a battery with all the essential components.!3:14

|o—— Load-calcium
alloy grid

Opening for
active material
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Negative plate strap
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support hook
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.- Negative
. plate
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ridge for
negative plate
support

Positive plate
strap

Posttive plate
support hook

Positive plate

Separator
91044

Figure 2, Typical lead-acid battery for stationary applications (taken from Reference 14).

Cells are placed in racks designed to support
the cells during seismic events and are connected
together in banks to form the battery. The batteries
are housed in a room designed to provide a suit-
able environment for the battery.

The batteries tested were LCU-19 batteries
similarly constructed as previously described and
naturally aged at approximately 80°F to 13-1/2 years.
The batteries were fabricated by C&D Batteries
with lead-calcium plates, and discussions with
C&D personnel indicate that they were typical of
batteries presently being installed in nuclear faci-
lities. Each battery had an 8-bour electrical capa-
city of 1350 ampere-hours, were 7-5/8 in. long,
14-1/8 in. wide, and 22-1/16 in. high, and weighed

about 240 pounds. These batteries were obtained from

a nuclear facility after they had been replaced by new
batteries. A review of the records provided by the
nuclear facility indicates that they were maintained
and tested in accordance with practices that are
consistent with those in IEEE Std 450. Figure 3 is a
photograph of one of these batteries.

Figure 3. Typical battery obtained from a nuclear
facility for seismic testing.



3. TEST PROGRAM

The basic strategy of the test program was o obtain
naturally aged batteries, determine the electrical
capacity of those batteries, perform seismic testing ata
level that is representative of the levels required for
qualification, evaluate selected advanced surveillance
and monitoring methods, perform postseismic capa-
city tests, and analyze the test results. A test plan,
“Test Plan for Determining Seismic Ruggedness of
Aged Stationary Batteries in Nuclear Power Plants,”
December 13, 1988, was prepared and reviewed by the
NRC Technical Monitor. Ths test plan is included as
Attachment A of this report. Subsequently, a Test
Specification, ES-51235 “Sexsmic'l'esungofNamml-
ly Aged Stationary Batteries,”15 was issued to describe
the testing program to prospective test facilities. The
following paragraphs describe details of the various

aspects of the test program.
3.1 Battery Selectlon

Batteries were selected for testing based on a com-
bination of availability and specific characteristics.
The specific characteristics were chosen to describe
batteries that were naturally aged, currently acceptable
according to the criteria of IEEE Std 450, and of a
design that is typical of batteries currently being
installed in nuclear plants. It was also recognized that
“ideal” batteries may not be readily located. Since the
only naturally aged batteries available were old
batteries being replaced, they could very well be
unacceptable according to IEEE Std 450 or of a design
that is no longer used in nuclear plants. The de-
sired characteristics are discussed in the following

paragraphs.

Lead components should be fabricated with lead-
calcium alloy. Nearly all batteries currently being
installed have components made of a lead—calcium
alloy rather than a lead-antimony alloy. Some older
batteries have components made of a lead-antimony
alloy, but their numbers are decreasing with time, as
they are being replaced with new lead—-calcium batter-
ies. The use of aged batteries with components made of
a lead—calcium alloy will permit the test results to ap-
ply more directly to batteries presently being installed.

Batteries should be at least 10 years old. The
purpose of the program is to evaluate the seismic
ruggedness of aged batteries, In addition, the testing
performed by SNL utilized batteries that were at least
10 years old. The use of batteries that are at least
10 years old will provide test data obtained from

naturally aged batteries and will also provide test data
that can be compared 1o test data obtained by SNL., .

Batterles should be of a flat plate design. Batterics
currently being installed in nuclear plants are nearly all
of the flat plate design. In addition, the majority of the
older batteries that remain in nuclear plants are a!so of
the flat plats design,

The capacity of the batteries should be about 85%.
The objective of the program is to test naturally aged
batteries that are approaching their end of life. The end
of life with respect to electrical capacity has been iden-
tified by IEEE Std 450 as 80% of rated capacity. For
this reason, batteries with a capacity smaller than and
much larger than 80% are not desired.

Batteriles should be from more than one manyfac-
turer. The test results will have a more general appli-
cation if batteries from more than one manufacturer
are tested. It is desirable to obtain batteries from cach
of the three primary suppliers of nuclear power plant
batteries (Exide, GNB, and C&D Batteries).

With the help of the Electric Power Research
Institute (EPRI), who utilized the services of CFA,
Inc., twelve batteries were obtained from the Arkansas
Power and Light Company Arkansas Nuclear One
(ANO) nuclear facility, These batteries were in good
condition, and plant records indicated they had an
electrical capacity of about 88%. The batteries were
naturally aged (to 13-1/2 years) C&D LCU-19 batter-
ies and were fabricated with lead-calcium plates.
Discussions with C&D . personnel indicated that they
were typical of batteries presently being installed in
nuclear facitities. Each battery had a rated 8-hour elec-
trical capacity of 1350 ampere-hours, was
7-5/8 in, long, 14-1/8 in. wide, and 22-1/16 in, high,
and weighed about 240 pounds, The batteries had been
installed about September 1, 1974, and were removed
about April 1988, Subsequent charging and testing of
the batteries at the Idaho National Engineering
Laboratory (INEL) showed that they had electrical
capacities ranging from 92% to 98%, with an average
capacity of 95%. A review of ANO test data obtained
with the batteries indicated that they were well main-
tained according to practices consistent with those
found in IEEE Std 450, Visual inspections at the INEL
showed the batteries to be in good condition with no
evidence of significant aging effects. Figure 3is a
photograph of one of the batteries that is typical of
all twelve.
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3.2 Test Configuration

Batteries were placed on the shake table in a
two-step rack, purchased from the battery manu-
facturer (C&D Batteries), that has been seismically
qualified for use in nuclear plants, The batteries were
loaded in the rack and the rack attached to the shake
table according to the manufacturer’s instructions to
simulate the way batteries are mounted in a nu-
clear facility. The manufacturer’s instructions for
assembling the batteries into the rack called for a
1/2-in. styrofoam spacer between each battery or sim-
ulated battery. Subsequent discussions with the man-
ufacturer indicated that most nuclear facilities use

material provided by the manufacturer or & nonflam-

mable material that is compressible, but not as com-
pressible as the styrofoam. Apparently most facilities
used plywood until about 20 years ago, but since then
have changed to a compressible material such as styro-
foam or something similar. '

The battery rack was mounted to two 4 x 46 x
3/4 in. carbon steel bars, using eight 1/2-13 Grade 5
bolts torqued to 75 foot—pounds. The bars were then
welded to the shake table during the final installation,
Figure 4 is a photograph of the batteries assembled in
the rack and mounted on the shake table. Because a

standard rack is designed to hold twelve batterics and -

the batteries were tested in groups of four, eight sim-

ulated batteries were built and installed to filt and load
the rack as if it were filled with twelve batteries. The
simulated batteries were fabricated of a combination
of wood and steel to provide a solid unit of the same
size and weight that had about the same center of grav-
ity as the actual batteries, Figure 5 is a photograph of a
simulated battery. As a result of discussions with the
manufacturer of the batteries and battery rack, the
four batteries were located at the end of the top step to
subject them to the maximum accelerations. Initially,
the simulated batterics were not interconnected to sim-
ulate the straps that interconnect the battery posts.
However, prior to testing at the most severe seismic
level, the simulated batterics were interconnected as
shown in Figure 6.

3.3 Selsmic Test Spectra

The batteries were subjécted to seismic tests to

‘determine how much electrical capacity would be lost

as a result of shaking during a seismic event. The
twelve batteries were divided into three groups of
four batteries each. The first group was tested at both
the lowest and highest seismic levels. The other
two groups were tested at only one level of excitation
to minimize fatigue effects that could bias the results.
The groups were tested at the different levels described
in the following paragraph.

ECGiC 1DANC

4-19-83
40825

. J TEST ENGR-MELINZ

SERIES 2

WYLE LABORATORIES

Figure 4. Batteries and rack assembled on the ghake table.
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- Figure 6. Simulated battery interconnected.

All batteries were tested using. required response
spectra (RRS) typical of the RRS for batteries in
nuclear plants. Four levels of excitation were utitized,

. as shown in Figure 7. These curves are based on

actual RRS curves received from various nuclear faci-
lities located throughout the United States and on
information received from EPRI showing the safe
shutdown earthquake (SSE) levels for each nuclear
plant in the United States. The curves sclected use a
damping factor of 2% and are the best estimates of ex-
citations that encompass the RRS for batteries in 50%,
85%,90 1095%, and 100% of the nuclear plants in the
U.S. In addition, the 95% level is a modification of a
curve published in an EPRIreport, NP-5223, “Generic
Seismic Ruggedness of Power Plant Equipment,”t6
known as the GERS (Generic Equipment Ruggedness
Spectrum) for batteries. This curve represents a level
of seismic ruggedness for which there is a high degree
of confidence that the batteries can endure and yet pro-

vide rated electrical capacity. The EPRI GERS curve, -

which is based on a damping value of 5%, was modi-
fied to approximate a 2% damping curve by increasing
the peak excitation by a factor of 1.36. This value was
obtained by calculating the ratio of the peak excitation
for 2% to the peak excitation at 5% damping found in
Regulatory Guide 1.60, “Design Response Spectra For
Seismic Design of Nuclear Power Plants.”17

The RRSs in each of the two horizontal directions
{in a threc—axis system) were equal, and the vertical/
horizontal input ratio was between 1.0 and 0.67. The
excitation for the scismic testing was random in nature
with 2% damping. This value of damping has been
specified by some nuclear plants and was representa-
tive for structures in IEEE Std 344-1975.18 Since
IEEE Std 344 states that an earthquake of magnitude
6.0 or higher on the Richter scale may persist for 15 to
30 seconds with the major energy content usually
occurring in the first § or 10 seconds, the duration of
each test was about 30 seconds.

3.4 Battery Handling

_-Batteries were handled and shipped with pre-
cautions to assure that no damage would be caused or
that any existing degradation would not be aggravated.
Manufacturer’s instructions were followed, which
included the procurement and use of a lifting sling de-
signed specifically to lift the batteries. The batteries
were shipped by air-ride-van from ANO to the INEL
and between the INEL and the test facility (Wyle
Laboratory, Huntsville, Alabama) to minimize the

- possibility of damage in transit from large impact

forces or vibrations.
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Flgure 7. Required response spectra for seismic testing.

3.5 Battery Testing

Batteries were tested to determine their condition at
each step of the program and to evaluate selected
advanced surveillance methods. The tests to determine
battery condition are standard tests prescribed in
IEEE Sud 450.

Visual examinations: After the batteries were
received at INEL or at the test facility they were
inspected for proper electrolyte level, leaks, excess
sediment, broken parts, cracks, crazing, and damage
that was obvicusly caused during transit. The batteries
were photographed, with special attention given to
abnormalities. The visual examinations were also per-
formed after each level of seismic testing. No batteries
were damaged during transit, and all twelve completed
the entire test program.

Preseismic rests: After receipt at INEL the batteries
were charged and subjected to a stand test and capacity
tests to verify that they were acceptable for seismic
testing. Batteries were charged at the manufacturer’s
recommended rate until specific gravity readings,
corrected for temperature, stabilized. Batteries were
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then placed on a 2—week stand test at room temper-
ature to verify that they would hold a charge. Batteries
whose voltage had fallen below 2.03 V (beginning at
about 2.07 V) or whose specific gravity had fallen
more than 0.005 g/cm? (beginning at 1.207 g/cm3)
would have been considered defective. All batteries
passed this test. To establish their capacity, batteries
were discharged at the 3-hour rate, as provided in
Paragraph 6 of Std 450-1987. The capacity tests
were repeated two times at the INEL to verify that
capacity remained constant (variability).

The capacity tests were repeated at the test facility to
verify that the batteries had not degraded as a result of

shipping,

Seismic testing: Seismic testing was performed in
accordance with the referenced test plan and test speci-
fication. The test procedures are documented in Wyle
Laboratories test repost, 40525-1, “Seismic Simu-
lation Test Program on Twelve Naturally-Aged
LCU-19 Batteries,” included in this report as Attach-
ment B. For this testing the seismic levels specified in
Figure 7 were used as the RRS. The batteries were
shaken with a triaxial shake table. JEEE Std 344-1975
states that when a biaxial table is used, the equipment



-
>

is to be shaken at two or four different orientations
about the vertica! axis (two, if the inputs arc uncor-
related or random, and four, if the inputs are not
random). However, as this was a research program and
not a qualification program, repetitious biaxial shaking
could have produced different results from single—
event triaxial shaking because of the effects of fatigue.
Accelerometers were placed on selected batteries dur-
ing the seismic test sequence 80 response of the batter-
ies could be compared with the input to the shake table,
the response of the shake table, and the response of the
battery rack.

Prior to the seismic shaking, the battery rack with
eight simulated batteries and four batteries installed
was subjected to low level (0.2 g) shaking to identify
resonant frequencies for the rack and batteries. A

single-axis sinc sweep test was performed from 1 to-

35 Hz in each of the three orthogonal axes. The sweep
rate was one octave per minute.

During the seismic tests, batteries were discharged
at 2% of the 3-hour rate, with current and battery
voltages monitored to detect catastrophic failure. This
mte is consistent with the rate recommended by
IEEE Std 535-1986, paragraph 8.3.1.1(2).10 Any
battery that did not continuously provide at least
1.75 V would have been considered to have failed and
not subjected to further testing. At all levels of seismic
testing, battery vollages remained above 1.75 V.

For the seismic tests the batteries were divided into
three groups with four batteries in each group. The
groups were selected to provide the same average
capacity for each group. The battery groups, their
capacities, and the corresponding seismic levels are
shown in Table 1.

Figures 8, 9, and 10 show the configuration of the
batteries and simulated batteries on the rack for
Groups 1, 2, and 3, respectively. .

Seismic data (test response spectra, battery rack
response, and battery response) were recorded on mag-
netic tape and plotted on paper by the test facility. The
electrical response of the batteries was recorded by
INEL personnel on a PC-based data acquisition sys-
tem that stored the data on a 10 Mb disk and produced
plots of the data. The sequence of activities at the test
facility is shown in Table 2.

Postseismic tests: The batteries were visually in-

spected after scismic testing and before shipping back

to the INEL, and capacity of the batteries was deter-
mined by discharging at the 3-hour rate. After the
3-hour discharge, the batteries were recharged to pre-
pare them for return to the INEL.

At the INEL selected batteries were disassembled
and examined for evidence of significant degradation
as a result of either the seismic testing or the natural
aging process. Battery condition was documented with

~ both written descriptions and photographs. Results of

11

the posttest examinations, the preseismic capacity
tests, and the postseismic tests were compared to deter-
mine the adequacy of the seismic ruggedness of the
batteries.

" Testing of alternate surveillance methods: During
the preseismic, seismic, and postseismic tests, alter-
nate surveillance or monitoring methods that may be
more sensitive to aging related degradation were
tested. The alternate monitoring methods tested were
{a) measurement of internal resistance, (b) measure-
ment of capacitance, and (¢) measurement of battery

- polarization (comparison of battery voltages measured

while increasing discharge current with those obtained
with decreasing discharge current). These measure-
ments were suggested to provide an indication of bat-
tery condition in NUREG/CR-4533, “Program to
Analyze the Failure Modeé of Lead-Acid Batterics.”1®
The report is a result of investigations performed by
the Westinghouse R&D Center for SNL in 1986. The
results of these alternate monitoring methods were
compared to the electrical and seismic conditions of
the batteries as determined by the standard tests. The
objective of these measurements was to determine if
one or more of them could provide a more sensitive
measurement of aging degradation than the standard
volt—ampere tests that determine the electrical capacity
of batteries. The specific tests performed are described
in the following paragraphs:

1. Apolarization test in which fully charged bat-
teries were discharged at increasing currents
to 450 amperes and then decreasing currents
back to zero. The current was increased or
decreased in 50 ampere steps, with each step
held a minimum of 1 minute to allow the

* battery voltage to stabilize. At each step bat-
tery voltage and current were recorded. The
voltage for increasing currents was then com-

- pared to the voltage with decreasing currents.



Table 1. Battery groups, capacities, and seismic levels for testing

Group 1 Group 2 Group 3
50 and 100% 85% Seismic 95% Seismic
Seismic Levels Level Level
Electrical Electrical Electrical
Battery Capacity* Battery Capacity® Battery Capacity*
No. (%) No. (%) No. (%)
18 92/93 17 9796 23 94/96
24 94/97 25 94/96 29 93/99
26 9754 45 9899 30 94/96
46 96/98 48 92/94 47 98/98
Average 95/96 Average 95/96 Average 95/97
a. Capacities are electrical capacity in percent, INEL/Wyle.
D D D D D D fower step
___>
North
Upper step
46 24 18 26 D D
M39 0022
Notes:

1. D is simulated battery
2. Accelerometer installed on top of #24

Figure 8. Configuration for Group 1.
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D D D D D D Lower step
e
North
) - : Upper step
17 48 45 25 D D
M89 0020
Notes: ' o
1. D s simulated battery
2. Accelerometer installed on top of #48
Figure 9. Configuration for Group 2.
D D D ‘ D D D Lower step
D
North
. Upper ste
29 30 23 47 D D P P
M89 0021
Notes:

1. D is simulated battery .
2. Accelerometer installed on top of #30

Flgure 10. Configuration for Group 3.
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Table 2. quu_ence of events at the test facility

- ' Activity

s»'.~

e

10.

11,

12,

13.

14,

15.

16.

Batteries and equipment arrive at Test Facility

- Verify capacity of batteries and recharge
Veril‘y alternate surveillance measurements

- Install bauery rack on shake table (may be done

during 2 and 3)
Install first group of batteries and

simulated batteries 6n battery rack. Electncally
connect the batteries together

Connect discharger and battery pesformance data
acquisition system to the batteries

Connect seismic related data acquisition

Perform exploratory test and first level of
seismic tests

Remove first group of batteries and install the
second group (includes 6 and 7)

Perform second level of seismic tests

Remove second group of batteries and install the
third group (includes 6 and 7)

Perform third level of seismic test

Remove third group of batteries and install the
first group (includes 6 and 7)

Perform fourth level of seismic test

Remove batteries and simulated batteries from rack

and rack from the shake table

Determine electrical capacity, recharge, and
perform alternate surveillance measurements on
all batteries

Performer

Test Facility

Test Facility
and INEL

INEL

Test Facility

Test Facility

and INEL

Test Facility
and INEL

Test Facility
and INEL

Test Facility
and INEL

Test Facility
and INEL

Test Pacility
and INEL

Test Facility
and INEL

Test Facility

INEL

14
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2. Aninstantaneous interruption of a 50 ampere
discharge current. When the current is inter-

. rupted, the battery voltage expericnces a step
increase and then an exponential increase.,
The step increase in voltage in combination
with the instantaneous decrease in current
provides a measure of the internal ohmic
resistance of the battery, The time constant of
the exponential, in combination with the
internal resistances of the battery, provides 2
measure of the capacitance of the battery. The

15

pamllelplatwsebarawdbyadiclectricfmﬁm
capacitor. Changes in the internal resistance
and capacitance are believed to indicate the

. .existence and kind of degradation that has

.. A step increase in charge current of
4 amperes. The transient also produces a
. step change and an exponential change in

battery voltage that indicates internal resis-
tance and capacitance of the batteries.



4. TEST RESULTS

The test results are described in three sections. The
first section presents the results that relate to measure-
ments that describe the seismic ruggedness of the bat-
teries. The second section presents the results of the
posttest disassembly and analysis of the batteries, and
the third section describes the results of the advanced
" inspection and monitoring methods.

4.1 Seismic Test Results

As described in Section 3, battery condition was de-
termined before and after seismic testing to determine
whether seismic shaking caused the batteries to experi-
ence a decrease in electrical capacity. In addition, the
seismic levels, battery discharge current, and battery
voltage were monitored during the seismic tests to
verify the level of seismic shaking and to monitor the
performance of the batteries as the shaking occurred.
Table 3 shows a summary of the seismic test results.

The actual, or test response spectra (TRS), acceler-
ations for the various seismic levels are shown in the
Wyle Laboratories test report, Attachment B. The ac-
celerations for the 50% level are shown on pages B-57
through B—65; the 85% level on pages B—69 through
B-77; the 95% level on pages B—81 through B-89; and
the 100% level on pages B—93 through B—101. In addi-
tion the results of the frequency sweeps performed to
determine the resonant frequencies are shown on pages
B-47 through B-52. The magnitude of the vertical ac-
celeration was always less than the horizontal acceler-
ation, with the vertical usually about 70% of the
horizontal. The data for the TRS contain significant
scatter, 70 to 85% at the peak acceleration. Since the
TRS was ranged to envelop the RRS closely, the lower
values of the scatter are approximately equal to the
RRS, and the upper values are greater than the RRS.
The ZPA values for the TRS are consistently greater
than the ZPA for the RRS. Because the shake table ac-
tuating system is a real, mechanical system, it gener-
ates some high frequencies with magnitudes greater
than those input to the system by the controller. The ef-
fects are caused, in part, by tolerances in mechanical
linkages, ringing in the hydraulic system, and inertia of
the hydraulic system and the mechanical components.
The results produced are typical of those expected
from large, high capacity shake 1ables.

Results of the frequency sweeps, with the Group
batteries and simulated batteries installed, show that
the resonant frequencies were about 12 Hz front to
back (east-west), 9 Hz side to side (north-south), and

25 to 30 Hz vertical. This means that the peak
horizontal accelerations during the seismic test
occurred at frequencies that included the resonant
frequency for the assembly and should have produced
maximum accelerations for the batteries. In general,
the vertical resonant frequencies were just higher than
the frequency comesponding to the peak of the RRS
and TRS curves. The above values for resonant fre-
quencies are consistent with experience reported in
EPRI report NP-5223, “Generic Seismic Ruggedness
of Power Plant Equipment,” May 1987.

A review of the data in Table 3 shows that the batter-
ies did not experience a decrease in electrical capacity
as the seismic level increased. In fact, the electrical
capacity appears to have increased as a result of the
100% level shaking. Discussion with the battery
manufacturer indicated that this effect agrees with
their experience. It is believed that the high level shak-
ing created many small fractures in the active material,
which provides a larger surface area to the electrolyte,
resulting in more efficient electrolyte penetration into
the relatively thick plates.

During each seismic level of testing, the batteries

- were discharged at 2% of the 3-hour rate (7 amperes)

with battery voltages and current being monitored.
Plots of the battery voltages are shown on pages B-125
through B-128 of the Wyle test report (Attachment B).
During the seismic tests, there were no anomalies in
the batteries’ performance. Large variations in voltage
did occur near the beginning of the 100% level test, but
since these occurred on all four batteries at the same
time, they are believed to have been caused by the
measurement and data acquisition system or by a poor
connection in the discharge circuit rather than a fault in
the batteries. Analysis of the discharge current data
showed that the current did not vary during the
100% level seismic test.

After each level of testing the batteries and battery
rack were inspecled for damages. Except for scrape
marks on battery cases caused by the battery rack tie
rods and loosening of fiberglass from the mats used for
plate separators, no battery damage was observed.
Some loss of electrolyte did occur in the 100% level
test as a result of loosening of the seal between the cov-
er and jar. However, this loss was not enough to reduce
the capacity of the batteries. Bending of some battery
rack parts was observed after the 100% level test;
however, the battery rack successfully held the bat-
teries and performed as required for SSE events
(equipment must be held in place and equipment must

16
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Table 3. Summary of seismic test results

‘ ) o Accelerauon
Electrical Capacity . : ®
(%) - . .

T E— RRS TRS
Battery Prescismic  Preseismic  Postseismic @
Number INEL WYLE WYLE Pexk ZPA Peak ZPA

| Group 1-50% level = 168 0271 31 08
18 9 K 95 '

24 94 97 94

2 97 94 %

46 96 98 98

Average 95 96 9%

Group 2 - 85% level 2.67 0.55 500 15
17 97 9 100
25 94 9% 93
45 98 K 97
48 2 94 97
Average 95 96 97
Group 3 - 95% level » 544 184 93 30
23 9% 9 93
29 3 99 93
30 04 % 9%
47 98 e %
Average 95 - 97 - 95
Group1-100% level 8.5 20 150° 6.0
18 92 9 95
2% 94 97 o8
26 97 94 99
45 % 98 100
Average 95 9%

98 -

a. Datapoint wxmthelargestmagmmdc The TRS oractua!dam,contamsslgmﬁcantsmttcr The lowestpomtsat
mepeakareappmxnnatelyequalwmeRRSuptomHz
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function as required, but some structural damage is
permitted). Batteries 25 and 45 from the 85% level,
23 and 47 fromi the 95% level, and 18 and 26 from the
100% level tests all showed scrape marks from
rubbing on the upper tie rod of the battery rack. The
scrape marks became more evident as seismic levels
increased, but in no case were they severe enough to
cause the battery case to leak or crack. All batteries
subjected to 100% level tests had fiberglass, dislodged
from the separator mat, lying on the inside of the
battery case. However, this degradation did not cause
the batteries to malfunction during shaking or to have
reduced electrical capacity. Figure 11 shows a battery
with scrape marks that are typical of the observed dam-
age, and Figure 12 shows a battery with fiberglass
lying on the inside of the case. Figure 13 shows typical
damage to the battery rack. Additional photographs are
shown on pages B—41 through B—44 of the Wyle test
report (Attachment B). The following battery rack
damage was observed after the 100% level test:

-

o The cross braces were bent

e The lower tie rod broke

Figure 11.

I8

» The inside vertical supports sustained sig-
nificant buckling.

The battery rack was tested at the 100% level with
only simulated batteries installed to verify the shake
table control settings. Results of that test indicated a
potential for battery rack damage. To minimize the
likelihood of battery rack damage, some precautionary
measures were taken before performing the 100% lev-
el test with batteries installed. These measures include
the following activities:

e The battery rack was completely empned
and all bolts were retorqued.

o The simulated batieries and batteries were
reinstalled according to the manufacturer’s
instructions.

»  Straps were welded to the top of the simu-
lated batteries (pages B—38 and B-39 of Wyle
test report, Attachment B). As a result of con-
versations with the battery manufacturer, it
was decided that this design would simulate
how batteries are installed in the rack.

Scrape marks on battery caused by the battery rack tie rods.

»s
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Figure 13.

Typical battery rack damage after 100% seismic level,
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4.2 Restuits of Posttest
Disassembly

After the seismic tests had been performed, two bat-
teries were disassembled at the INEL to determine if
additional evidence could be found of degradation due
to either natural aging or the seismic testing, Two bat-
teries, 25 and 26, where chosen for the disassembly.
One of these batteries (No. 25) was tested at the
85% level and the other (No. 26) at the 100% level.
Both batteries were located in the same position on the
battery rack, were scraped by the battery rack tie rods,
and were at the interface between the simulated batter-

ies and the actual batteries, In addition, both batteries

should have been exposed to identical environmental
conditions, since they would have been located adja-
cent to each other while being used by ANO.

After discussions with the battery manufacturer, the
joint between the battery case and cover was broken
and the battery terminals, cover, and internals were

withdrawn as a unit by lifting from the battery posts. -

One negative and one positive plate from each battery
were cut from the upper busses and examined. As the
battery internals were withdrawn, the dislodged fiber-
glass in No. 26 became very apparent, as shown in
Figure 14; no evidence of dislodged fiberglass was ap-
parent for No. 25, as shown in Figure 15, Dislodging

Figure 14. Dislodged fiberglass evident as
Battery 26 is being disassembled.

of the fiberglass, then, was caused by the 100% level
seismic shaking. Except for the scrape marks caused
by the battery rack tie rods and the dislodged
fiberglass, no other degradation caused by the seismic
testing was apparent. The color of the plates was as
expected for an aged battery, metal colored for the neg-
ative plates and black lead-oxide colored for the posi-
tives, About the same amount of sediment was found
on the bottom of the cases in both batteries. The
amount of sediment was small (not more than
1/81in. thick) and was not indicative of excessive oxi-
dation or sluffing of lead—oxide.

. Afterbeing cut from the busses, the positive andneg-
ative plates were inspected for evidence of degradation

and measured todetermineif significant growth had oc-
curred as a result of aging. The negative plates were in

generally good condition. The grid structure was not

broken, the active material wasnot loose, and the gener-
al appearance was good. Although some evidence of
loss of active material was evident, all grid locations
contained active material, Figure 16 shows a negative
plate with some loss of active material. The positive
plates were in good condition with some loss of active
material, no Joose active material was apparent, and
there was no significant bowing of the plate caused by

Figure 15. Battery25 withnodislodged fiberglass,
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Flgure 16. Naturally aged negative plate from
Battery 26.

swelhng Figure 17 shows a positive plate. The platcs
were measured to compare with the specified dimen-
sions. The negative plates did not show evidence of
significant dimensional changes, while the dimensions
of the positive plates grew about 2%. Discussions with
the battery manufacturer indicate that this amount of
growth is expected for naturally aged batteries that
have been operated under normal conditions for
14 years. The average dimensions for the posmve and
negative plates are shown in Table 4,

The attachmcnt of the plates to the busses was tested
by attempting to pull the tang welded to the buss. Each
plate has a tang at the top to permit the plate to be
welded to the buss. This tang was cut during the dis-
assembly process. Attempts to pull off the negative
tang resulted in bending the tang about 90 degrees,
indicating that the attachment was still good. Because
the lead in the negative plates docs not oxidize, it was
still soft and pliable. Attempts to pull off the positive
tang resulted in breaking the tang off without signifi-
cant effort and without bending the tang. This indicates
that the positive lead was more brittle, and the con-
nection not as strong. This observation was true for
both batteries. Visuzal examinations showed that the
weld area of the positive plates appeared to have

corroded, with about half of the weld area being cor-

roded. Thls effect is shown in Figures 18 and 19 for
Batterics 25 and 26, Since this effect is about the same
for both batteries, it appears to be an aging-related
degradation or a result of the manufacturing process
rather than a result of the seismic testing. Because the

plates are welded from the back of the strap, it is diffi-

cult to get complete back—to—front fusion without
melting the tangs.

It should be noted that even though the weld area
was degraded, it was strong enough to withstand the
most severe seismic level required for U.S. nuclear
plants. What is not known is whether this corrosion
was progressing at a rate that could have caused de-
graded seismic performance while electrical capacity,
as determined by the IEEE Std 450 criteria, was still
satisfactory. In addition it is not known whether this
carrosion could have progressed significantly faster

had the batteries been operated in a more severe envi-

ronment, such as at a higher temperature or with more
charging. If so, under different conditions the same
batteries might not have had the seismic ruggedness
that they exhibited during these tests.

Metallographic examination of the weld area was
performed to investigate the characteristics of the
weld. Results indicate that where fusion occurred, the
weld joints were good, some surface cracks or laps in
the fusion zone were present, and the grain structure
was as expected for a weld of lead components. The

"surface cracks in the fusion zone should not have a

noticeable effect on the strength of the weld. Figure 20
is a micrograph of the weld showing a small crack, and
Figure 21 shows the interface of the weld and parent

. material. There are no discontinuities at the interface,

which indicates that the fusion is good. The larger
grain structure can be expected, since lead has a low
melting point and a low recrystallization temperature,
However, the larger grain structure of the fused zone
made it susocpublc to corrosion andwouldexplmn the
observed corrosion pattern.

4.3 Evaluation of Advanced
Surveillance and
Monitoting Methods

As previously described in Section 3.5, advanced
surveillance methods were tested to determine if any
could be more sensitive to age-related degradation
than the traditional voltage-vs-time discharge tests.
The tests performed were (a) measurement of internal
resistance, (b) measurement of capacitance, and
(c) measurement of battery polarization (comparison
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Figure 18. Degraded weld area for positivé plate of Battery 25.
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L Figure 19. Degraded weld area for positive plate of Battery 26,

Crack in
weld

-

Figure 20. Micrograph of weld.
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nterface between
parent material
and weld

Figure 21. Micrograph showing the interface of weld and parent material.

of battery voltages measured while increasing
discharge current with those obtained while decreasing
discharge current). Two techniques were tested to
measure internal resistance and capacitance: (a) a step
increase in charging current with step and exponentiat
voltages being measured and (b) a step decrease in
discharge current with the same measurements.
A more detailed description of the circuits and equa-
tions utilized are presented as a part of Attachment A,

The step decrease in discharge current involved
rapidly decreasing the discharge current from 50 to
0 amperes. As can be seen in Figure 22, the step de-
crease in current occurred in less than 0.4 millisecond.
Figure 23 shows the step rise and the subsequent ex-
poneatial rise in battery voltage. The voltage data were
recorded with a data acquisition system in which the
data were filtered at 10 Hz, which corresponds to a rise

time of about 0.035 seconds. Since the shortest time

constants observed in the battery voltage were about
0.3 seconds, the filtering did not introduce notice-
able error. ‘ ‘

Analysis of the data utilized an equivalent circuit for

a battery, as shown in Figure 24, The equivalent circuit

assumes that the battery contains ohmic resistance
primarily caused by the lead components, a reaction
resistance associated with the electrochemical reaction

between the electrolyte and the plates, a voltage caused
by the electrochemical reaction, and capacitance
rclated to the parallel plates separated by 8 dielectric
material (acid and separator). It is important to recall
that the electrochemical voltage is dependent upon the
strength of the acid, the composition of the active ma-
terial in the plates, and the temperature of the battery.
During charging and discharging, all of these factors
are changing, hence the voltage in the battery is
changing,

To solve for the reaction resistance and capacitance,
it was necessary to fit the data to an exponential curve
and determine the time constant and final voltage.
Attempts were not successful to fit the exponential
poction of the data to a curve with a single time con-
stant, and the data appear to be composed of multiple
time constants. The use of three time constants pro-
vided a reasonably good fit to the data. Examples of
the data and the curve fit for 20 and 200 second time
durations are shown in Figures 25 and 26. Note that the
starting voltage of the battery has been subtracted
so that the voltage is zero at time = 0 seconds, The
equation used is '

E = (1 - Exp/T)E, + Ex(l - Exp-yTo)

+E(1 - Exp-VIp}.
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Flgure 26. 200-second plot of data and curve fit.

where

E =  voltage of the capacitor (with the
starting voltage subtracted)

E, = initial charging voltage for the
capacitor

En =  charging voltage for the capacitor
associated with the medium value
timeconstant - .

By = charging voltage for the capacitdr
associated with the long time
constant

T, = short time constant

Tm =  medium time constant

T = longtime constant.

This equation describes the charging of a capacitor
at a time constant of T, to a changing voltage that be-
gins at E; and exponentially increases to a final voltage
of E, + E,, + E). The exponentially increasing voltage
increases with the time constants Ty, and Ti.

An exact physical interpretation of the various
parameters in the equation is not known. However, it is
believed that E; and T, are associated with the capacitor
and the reaction resistance, while the other parameters
are associated with a change, over time, in the ¢lectro-
chemically generated voltage. Because the battery had
been discharged prior to the current interruption, the
clectrolyte at the surface of the plates was being de-
pleted, and as a result, the electrochemically generated
voltage decreased. Even though the electrolyte at the
surface was replenished by the large volume of electro-
Iyte in the battery, it remained at a value lower than the
larger volume while the battery was being discharged.
When the discharging was interrupted, the electrolyte
at the surface continued to be replenished, and the elec-
trochemically generated voltage rose too. The rate of
rise depended on the rate at which the electrolyte at the
surface of the plates was replenished. This replenish-
ment was aresultofboth diffusion and convection, both
of which gave rise to exponential functions. Inaddition,
the temperature also waschanging as aresult of the dis-
charge current, and this, too, caused the voltage to
change. The value of these time constants, then, could
provide an indication of the physical condition of the
separators or any other component that affects the mix-
ing of the electrolyte.
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The internal ohmic resistance, reaction resistance,
and capacitance are calculited from the value of the
step change in current and voltage, the voltages
obtained from the curve fit, and the time constants of
the curve fit. The ohmic resistance is determined from
the step change in voltage and current. The reaction
resistance and capacitance are determined by the val-
ues of the step change in current, the initial charging
voltage, and the short time constant. Tables 5, 6, and 7
show the results of the discharge interruption tests
performed at the INEL and at Wyle prior to the seismic
tests and the tests performed at the INEL after the
seismic tests. A comparison of these results shows that
there is no significant difference in the results between
tests or as a result of the seismic testing.

Tables 5, 6, and 7 also show some results from the

polarization tests conducted at the INEL before and
after the seismic testing. The polarization tests
were conducted by increasing discharge current in
50-ampere steps from 0 to 450 amperes and then
decreasing the current in 50-ampere stepsto 0 in a
continuous process without breaks. The current was
beld at each step for about 1 minute while both current
and voltage were recorded for each battery. Because of
limitations in the discharge equipment, the polar-
ization tests were conducted on two groups of six bat-
teries each. Figure 27 shows the current and voltage
history for one of the batteries; the others were very
similar. Figure 28 shows a polarization plot for one of
the batteries that is a graph of voltage~vs-current.

As can be seen, after the initial drop in voltage, the

voltages for increasing currents are not much different
than for decreasing currents. This pattern is expected
for a battery in good condition. During the postseismic
polarization test, it was observed that the batteries in
one group of six all had a slightly different pattern
of voltage—vs—currens, shown in Figure 29. An

investigation of the difference showed that the batter-

ies with the different pattem were discharged the same
day they were charged. All the other polarization tests
were performed at least one day after charging. The
six batteries with different postseismic polarization
results were Nos. 18, 23, 24, 26, 46, and 47. The resis-

tances of these batteries as calculated from the polar-
ization tests also showed a different pauem and
slightly higher values. A review of Table 7 shows that
the order of higher to lower resistance is reversed and
the values averaged about 18% higher. The batteries
affected were from one group of six and were not
limited to a single level of seismic testing. Therefore,
the difference in resulis is believed to be entirely a
result of less time between charging and testing. The
importance of consistent time between charging and

testing is clearly demonstrated. A comparison of

“Tables 3 and § shows that the batteries all behaved
about the same during the polarization tests.

A step change in charge current from 0 10 4 amperes
was also perforined at the INEL prior to the seismic
tests. The resulls of these tests were very inconsistent
from battery to battery and provided no useful results.
It appears that this test is extremely sensitive to the
state of charge, and the effort required to obtain
consistent results would make the test impractical. :
Therefore, the test was not repeated for the batteries |
after the seismic testing '

The results of the dlsdmrge current interruption and
polarization tests were compared with those obtained
by the Westinghouse R&D Center and reported in
Reference 19, The batteries tested by Westinghouse
were also large and naturally aged. A comparison of
the Westinghouse results and the INEL results are:

Ohmic  Reaction
Resistance Resistance Capacitance
{milliohm) (milliohm) @)
Westinghouse ~ 0.39-  7.86 - 1100

INEL 0325 0.06 6417

While the ohmic resistance and capacitance are
similar, the reaction resistance is quite different. The
difference probably is due to the way reaction
resistance was determined. Westinghouse determined
reaction resistance by noting differences in float
voltage resulting from different float currents. The

. INEL test determined reaction resistance by wtilizing a

component of the exponential rise in voltage during
the discharge current interruption test. The reaction
resistance during float when gassing is occurring could
very well be much higher than during discharge when
little if any gassing is occurring.

In summary, advanced surveillance methods were
tested, and their results are consistent with the capacity
tests recommended by IEEE Std 450 in that all showed
no degradation in the batteries as a result of seismic
testing. The results of the polarization and discharge
current interruption tests indicate that these tests pro-
vide consistent results and may be useful as-an indi-
cation of battery condition. Because there was no
definite correlation between the absolute values of
resistance or capacitance and electrical capacity, it
appears that, for the results to be useful, the tests would
have 1o be repeated as the batteries age to establish a
pattern for each battery. Finally, these tests are sensi-
tive to the state—of—charge of the battery, and a consis-
tent practice must be established concerning charging
and the time elapsed between charging and testing.
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Table 5. Summary of battery test data preseismic tests at INEL, March 22, 1989

Electrical Cument Voltage Internal .
Battery  Capacity Step Step  Resistance E, Emn E, Ty Tm
Number (%) A) (V)  (milliohm) (V) Mm M 6 6
17 97.00 50.10  0.01961 0.391 0.0035 0.012 0047 038 240
18 92.00 50.14  0.01457 0.291 0.0030 1.008 0.059 040 20.0
23 94.00 50.14  0.01796 0.358 0.0042 0.016 0.039 050 275
24 94.00 50.14  0.01479 0.295 0.0030 0.009 0.055 030 200
25 94.00 50.12  0.01648 0.329 0.0035 0.013 0.051 025 265
26 97.00 50.10  0.01451 0.290 0.0037 0.015 0.043 042 245
29 93.00 50.13  0.01823 0.364 0.0030 0.012 0.052 040 265
30 94.00 50.15  0.01403 0.280 0.0040 0.015 0033 025 182
45 98.00 50.14  0.01362 0.272 0.0030 0.013 0030 022 160
46 96.00 50.13  0.01379 0.275 0.0022 0.0i4 0042 0.16 290
47 98.00 50.10  0.01378 0.275 0.0030 0012 0054 040 250
48 92.00 5013  0.01309 0.261 0.0030 0.012 0042 040 185

a. Resistance is calculaied between 450 and 350 amperes for both ascending and descending discharge rates.

T
®

210
220
305
214
217
250
233
239
194
185
245
192

Polarization
Reaction ... Internal Resistance
Resistance Capacitance Increasing/Decreasing®
(milliohm) (P (milliohm)
0.0698 5439.4 0.14/0.20
0.0598 6685.3 0.15/0.21
0.0837 5969.0 0.15/0.19
0.0598 5014.0 0.16/0.21
0.0698 3580.0 - 0.15/0.21
0.0738 5687.0 0.15/0.21
0.0598 6684.0 0.150.21
0.0797 31344 0.16/0.21
0.0598 3676.9 0.17/0.22
0.0438 3645.8 0.13/0.19
0.0598 6680.0 0.15/0.20
0.0598 6684.0 0.15/0.20
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“Jable 6. Summary of battery test data preseismic tests at WYLE, April 14, 1989

Polarization

Electrical Cument Voltage  Internal . T Reaction A Internal Resistance

Battery Capacity  Step Step  Resistance E, Em E; Ts Tm T;  Resistance Capacitance Increasing/Decreasing
Number (%) (A) (02 (milliohm) (V) V) ) ) (8) (s) (millichm) ® (milliohm)

17 9600 5028 001164 0232  0.0030 0011 0045 030 200 3100  0.0597 5028.0 —*

18 - 93.00 50210 001179 0.235 0.0030 0011 0.045 030 190 3200 0.0597 5021.0 N/A

23 9400 5051 0.01159 0.229 0.0024 0011 0040 030 23.0 3400 0.0475 6313.8 . N/A

24 97.00 50.09 0.01171 0.234 0.0030 0.011 0038 030 200 3000 0.0599 5009.0 N/A

25 96.00 5057 001146 0227  0.0025 0011 0045 028 240 3250 0.0494 5663.8 N/A

26 9400 = 5038 0.01179 0.234 0.0030 0.011 0045 030 200 3100 0.0595 5038.0 N/A

29 99.00 50.38 0.01311 0.258 0.0028 0.011 0048 030 210 3100 0.0550 5451.4 N/A

30 9.00 5056  0.01175 0.232 0.0030 0012 0048 030 220 3300 0.0593 5056.0 ‘N/A

45 929.00 5056 001114 0220 00027 0011 0053 030 230 3100 0.0534 5617.8 N/A

46 98.00 4992 0.01129 0.226 0.0027 0.011 0.045 030 250 310.0 0.0541 5546.7 "N/A -

47 98.00 51.53 0.01124 0.218 0.0027 0.011 0.047 030 230 3100 0.0524 5725.6 N/A

48 9400 5033 001155 0.229 0:0030 0.012 0.042 - 030 19:0 3300  0.0596 5033.0 N/A

a. Polarization tests were not performed at this step.
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Table 7. Summary of battery test data postseismic tests at WYLE, Apiil 23, 1989

Polarization
Electrical Current  Voltage Internal Reaction Intemmal Resistance
Battery  Capacity Step Step  Resistance E, ) E Ty T Ty  Resistance Capacitance Increasing/Decreasing?
Number (%) (A) V) (millichm) (V) (V) \2) (s) (s) (s) (milliohm) (F) (millichm)
Group 1 - 50% and 100% Seismic Levels
18 95.00 5002 0.01193 0.238 0.0028 0011 0044 030 220 3500 0.0560 5359.8 0.20/0.15
24 98.00 50.01  0.01191 0.238 0.0028 0011 0047 031 230 3500 0.0560 5536.8 0.22/0.16
26 99.00 4985 0.01251 0.251 0.0028 0.012 0052 040 270 3500 0.0562 71219 0.21/0.15
46 100.00 50.03 0.01210 0.242 0.0028 0.012 0.052 040 .29.0 3300 0.0560 7147.0 0.19/0.15
Group 2 - 85% Seismic Level
17 100.00 50.09 0.01196 0.239 0.0028 0.012 0.037 040 230 3500 0.0559 7155.4 0.12/0.17
25 93.00 50.02 0.01278 0.255 0.0030 0.011 0.040 039 200 3300 0.0600 6502.5 0.14/0.17
45 97.00 50.02 0.01246 0.249 0.0030 0.013 0.042 040 220 3300 0.0600 6669.3 0.13/0.17
48 97.00 50.07 0.01242 0.248 0.0030 0.011 0.037 040 200 3200 0.0599 6675.8 0.12/0.16
Group 3 — 95% Seismic Level
23 93.00 4985 0.01245 0.250 0.0030 0.011 0030 040 17.0 1850 0.0602 6646.5 0.21/0.12
29 93.00 50.11 001492 0.298 0.0033 0012 0049 040 230 280.0 0.0659 6073.6 0.13/0.17
30 96.00 50.02 0.01404 0.281 0.0033 0.012 0.042 040 200 2500 0.0660 6063.0 0.13/0.17
47 96.00 5002  0.01256 0.251 0.0033 0.012 0039 040 220 2200 0.0660 6063.6 0.20/0.14

a. Polarization resistance calculated between 450 and 350 amperes for ascending and descending discharge rates.
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‘6.  CONCLUSIONS

Batteries are the only installed source of electrical

power to provide for monitoring of plant conditions
and control of some systems of the nuclear reactor in

. the event of a station blackout (all offsite power is lost

and the diesel generators do not start). Since batteries

are susceptible to aging degradation that could cause
old batteries to be vulnerable to severe seismic events,
a test program was conducted to detesmine if it is pos-
sible for the seismic ruggedness of aged batteries in
nuclear plants to be inadequate even though the electri-
cal capacity is satisfactory. Selected advanced surveil-
lance methods were evaluated also to determine if any
of them are likely to be more sensitive to battery
degradation than the surveillance and testing methods
required in IEEE Standards and Regulatory Guides.

The testing program began with a review of SSE

seismic levels specified for batteries at selected
nuclear plants and & review, of advanced surveillance
methods that have been identified. A test plan was pre-

pared and approved that described in detail the pro- -

posed testing program, including specification of the
seismic levels and the advanced surveillance methods
that would be utilized. Testing was then performed,
and the results support conclusions and recommen-
dations presented in the following paragraphs. '

Asa result of seismic tests on naturally-aged batter- |

ies that were 14 years old, we conclude that when bat-
teries are maintained and in accordance with
IEEE Std 450 and Regulatory Guide 1.129, the fol-
lowing may be expected of equivalently designed and
manufactured lead—calcium batteries:

o Little, if any, electrical capacity will be lost as
a result of seismic shaking at levels that are
typical of the most severe levels required for
SSE in the U.S. This finding indicates that ad-
equate seismic roggedness will be retained in

* batteries and racks of equivalent design and
material to meet the requirements for the
. most severe SSE events,

¢  Some internal damage to the plate separators
may be expected at the most severe seismic
levels. However, this damnage is not expected
to prevent the batteries from providing at least

80% of rated capacity during andimmediately -~

following the most severe seismic event.

¢ Naturally-aged batteries may show evidence

of corrosion at the joint between the positive
plates and the positive plate strap (buss). In a
well-made joint, this corrosion should not

cause the seismic ruggedness to be in-
adequate for the most severe SSE events ex-
pected for the U.S. However, batteries should
not be operated at elevated temperatures or
charged excessively to avoid this corrosion,
which could then progress rapidly enough to
result in inadequate seismic ruggedness.

Because most aging mechanisms cause both
decreased electrical capacity and reduced seismic
ruggedness, it appears that the tests recommended by

- IEEE Std 450 not only provide a method of monitoring

electrical capacity of current generation nuclear station
batteries, but also provide an indication of adequate
seismic capability when the batteries are maintained
and operated in accordance with IEEE Sld 450 and
Regulatory Guide 1.129. .

Advanced surveillance methods that measure the in-
ternal resistance and capacitance of batteries did not
detect any degradation as a result of seismic testing.
These results are consistent with the results of the sur-
veillance methods of IEEE Std 450. The results of po-

. larization and discharge current interruption tests

indicate that these tests provide consistent results and
may be useful as an indication of battery condition. In
addition, it appears that, for the results to be useful, the
tests would have to be repeated as the batteries age so
that a pattern for each battery (cell) could be estab-
lished. Finally, these tests are sensitive to the state—of-
charge of the battery, and a consistent practice must be

. established concerning charging and the time elapsed

between charging and testing, These tests are not fully
developed, and it appears that significant time and
effort would be required to obtain and analyze the data. -

To assure that adequate seismic ruggedness ismain-
tained, it is recommended that continued attention be

_given to the operating conditions and maintenance

practice for batteries in nuclear plants. Conditions such
as elevated temperature and excessive charging have
the potential to substantially reduce seismic rugged-
ness as batteries age.

Because the batteries tested in this program were
maintained and operated in accordance with IEEE
Std 450, Regulatory Guide 1.129, and the manufac-
turer’s recommendations, these test results are appli-

“cable only to batteries operated under similar

conditions. For batteries operated at conditions outside
of those recommended in IEEE Std 450, advanced

‘monitoring methods that can detect degraded seismic

ruggedness should be developed, or revised replace-
ment criteria should be implemented.
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. NUREG/CR-4457, "Aging of C

TEST PLAN FOR DETERMINING SEISMIC
' RUGGEDNESS OF AGED STATIONARY BATTERIES
, IN NUCLEAR POWER PLANTS

1. INTRODUCTION

Thus‘testing bnognan’w111 be used to determine if it is possible for the
seismic ruggedness of aged batteries in nuclear plants to be inadequate

--even though the electrical capacity is satisfactory. The test program

will concentrate on the seismic ruggedness of batteries that have aged
until they are nearing their end of electrical life as determined by IEEE
Std 450-1987, "IEEE Recommended Practice for Maintenance, Testing, and
Replacement of Large Storage Batteries for Generating Stations and
Substations”, and the qualification requirements provided in IEEE Std
535-1986, "IEEE Standard for Qualification of Class 1E Storage Batteries

~for Nuclear Power Generating Stations". Program results are expected to

lead to one of - two conclusions: 1) batteries aged to near end of
electrical life retain adequate seismic ruggedness and additional
surveillance testing is not required; or 2). aged batteries may not retain
adequate seismic ruggedness and therefore additional surveillance testing
or revised replacement criteria are recommended. :

" The following program describes the test configuratmon, test sequence to

be followed, and the data analysis that will be used to evaluate the .
seismic ruggedness of aged batteries. Note that even though the term
"cell" is usually defined as a single electrical cell and "battery" refers
to a number of cells connected together, the term "battery" will be used
rnlthis document to describe both a sing]e ce]l and a group of connected
cells

2. BACKGROUND

As part of the USNRC program for Nuclear Plant Aging Research (NPAR), a
Phase I study of battery a?ing_was performed and reported in

, ass 1E Batteries in Safety Systems of Nuclear
Power Plants." The study reviewed testing performed by others, studies
that have been conducted, and reports of operational experiences.

A review of the study shows that the significant aging effects for aged
batteries are growth of positive plates, loosening of active material in
plates that have grown, loss of active material caused by gassing and

- corrosion, and embrittlement of the lead grids and straps. The results of

these effects are decreased electrical capacity and decreased seismic
ruggedness which, during a seismic event, can lead to decreased electrical
performance or complete failure, In general, the same aging mechanisms

~ cause both decreased electrical capacity and reduced seismic ruggedness.

These mechanisms are elevated temperature, over charging, ac ripple, low
electrolyte level, and impurities in the electrolyte There are a few
mechanisms which lead to only a decrease in seismic ruggedness because
they affect the case (container) but not the components inside the
battery; examples are defects caused by handling and the use of solvents
to clean the cases. It appears that it is possible for the mechanisms
which affect both electrical capacity and seismic ruggedness to have a
greater effect on seismic ruggedness than electrical capacity.
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This conclusion is supported by research performed by Sandia National

Laboratories (SNL). Naturally aged batteries that were 10 to 23 years old

with an average electrical capacity of 98% were subjected to
seismic-fragility testing. Electrical capacity after testing at a zero
period acceleration (ZPA) of 1.5 to 1.7 g ranged from 13% to 110% with the
average being 72%. Electrical capacity after seismic testing at a ZPA .of
2 g ranged from 0% (catastrophic failure) to 87% with the average being
32%. The capacity of new (unaged) batteries with an average capacity of -

96% decreased to an average of 85% after seismic testing at about 29. It 1

is recognized that the tests conducted by SNL used seismic levels greater
than those required for battery quallfication Yet the tests do
demonstrate that it is possible for aging to have a greater effect on
seismic ruggedness than electrical capacity. :

IEEE Std 450-1987, "IEEE Recommended Practice for Maintenance, Testing,
and Replacement of Large Storage Batteries for Géenerating Stations and
Substations", recommends that batteries be replaced when the electrical
capacity has decreased to 80% of rated capacity. Considering that aged
batteries were observed to decrease in capacity from 98% to 72% as a
result of high level shaking, it seems possible that an aged battery that
had degraded until its capacity was near 80% could experience a large
enough decrease in capacity as a result of shaking that it would no longer
be able supply the demanded electrical power. The demanded power (design
load) is different for each plant. However, IEEE Std 485-1983, "IEEE
Recommended Practice for Sizing Large Lead Storage Batteries for
Generating Stations and Substations", recommends that the design load be
no greater than 70% of the battery’s rated capacity.

Although batteries are now qualified to the requirements of IEEE Std
535-1986, "IEEE Standard for Qualification of Class 1E Storage Batteries
for Nuc]ear Power Generating Stations", (which requires aging to
end-of-qualified-life prior to seismic testing) and are qualified for 15
to 20 years of service, actual life could be less than qualified life if
their operational conditions, including maintenance practices, were more
severe than the conditions for which they were qualified. These batteries
could, then, be operating with adequate electrical capacity but inadequate
seismic ruggedness if seismic ruggedness decreased more rapidly than
electrical capacity. Some examples include high environmental
temperature, too many deep discharge cycles, overcharging, low electrolyte
level, and impurities in the water. Also, the accelerated aging practices
permitted in IEEE-535 may not fully duplicate the aging effects
experienced by naturally aged batteries. Many old batteries at nuclear
plants were not qualified to IEEE-535 and they could become vulnerable to
a seismic event prior to reaching the end of their electrical life.

Standard testing and monitoring methods provided in IEEE-450 and RG 1.129,
"Maintenance, Testing, and Replacement of Large Lead Storage Batteries for
Nuclear Power Plants", only provide for measurements of temperature,
voltage, and electrical capacity as well as some visual inspections.
However, these tests are not designed to detect the degradation of
batteries that causes seismic vulnerability. In addition, the tests
conducted by SNL did not provide information concerning the seismic -
ruggedness of batteries at seismic levels near those used for
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: qualification Therefore. testing will be performed at realistic seismic

levels to determine if it is possible.for the:seismic ruggedness of aged
batteries in.nucledr plants to be 1nadequate even though the electrical
capacity is: satisfactory : . :

3.- cTIo OF BATT RI S

Batteries wi]] be selected for testing based ‘on a combination of .
availability and:specific characteristics It is necessary to use

 batteries that have been aged in a nuclear power plant. Since nuclear

power plants will be rep]acing batteries that are either old, have
degraded performance characteristics, or unsatisfactory for their use, it
may be difficult to locate ideal batteries for this testing program.

However, the batteries that are selected will be aged to near the end of

their expect life and whose electrical capacity is still acceptable. The
desired - -characteristics are discussed in the following paragraphs

Batteries with lead-calcium alloy are desired. Nearly all batteries
- currently being installed have components made of a lead-calcium alloy
. rather than a lead-antimony alloy. ,Some older batteries have
components made of a lead-antimony . alloy but their numbers are
.decreasing with time as they are being replaced with new lead-calcium
batteries. The use of aged batteries with components made of a
Jead-calcium alloy will permit the test results to more directly apply
to batteries presently being installed. However the test results are
expected to have applicability to batteries with flat plates and
lead -antimony components o

atten]g§ are to be at least 10 years gid The purpose of the program

“is.to evaluate the seismic ruggedness of aged batteries. In addition,
the testing performed by SNL utilized batteries that were at least 10

- year old.- The use of batteries that are at least 10 years old will
provide for test data obtained from naturally aged batteries and will
_g]so provide for test data ‘that can be compared to test data obtained
y SNL.. .

Batteries are to be of a flat plate desian. Batteries currently being

installed in nuclear plants are nearly all of the flat plate design.
In addition, the majority of the older batteries that remain in
. nuclear plant are aiso of the flat plate design.

capacity of t a ter es s ou]d e_about 85% The objective of
the program is to test naturally aged batteries that are approaching
their end of 1ife. The end of life with respect to only electrical
capacity has been identified as 80% of rated capacity by IEEE Std
450. For this reason batteries with a capacity smaller than and much
larger than 80% are not desired. Naturally aged batteries that have
high]egectrical capacities will. a]so be considered if they are readily
available , .
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Batteries should be from more than one manufacturer, The test results
will have a more general application if batteries from more than one
manufacturer are tested. It is desirable to obtain batteries from
each of the three primary suppliers of nuclear power plant batteries
(Exide, GNB, and C&D). Twelve naturally aged LCU-19 batteries,
manufactured by C&D Batteries, that are 13 1/2 years old have been
obtained. These batteries, as well others that may be obtained which-
meet the above requirements, will be used in this test program.

4. USE _OF MANUFACTURER’S DATA

Data similar to what will be obtained in this program should have been

obtained by manufacturers of batteries who have qualified them for use in

nuclear power plants. In the process of qualifying batteries to :

IEEE Std 535, testing is preformed to determine the electrical capacity
after the aging process but before the seismic testing and then again
after seismic testing. While manufacturer’s data will have been obtained
with batteries that have been artificially aged and capacities were
probably greater than 85%, the data should provide an indication of the
the loss of capacity that should be expected of an aged battery that is
subjected to seismic loads. Battery manufacturers will be contacted in.an
effort to determine the data that has been obtained and its availability.
Manufagturers may consider this data proprietary and be reluctant to share
it with us

5. TEST SEQUENCE

The basic strategy of the test program is to obtain naturally aged
batteries, determine the electrical capacity of those batteries, perform
seismic testing at a level that is representative of those required for
qualification, perform post seismic capacity tests, and analyze the test
results. The following test procedures will be used for the testing of
naturally-aged batteries to identify seismic ruggedness.

5.1 Tests and Inspections Before Shipment

If possible batteries will be subjected to tests and inspections
before shipment to aid in the selection of batteries that-are in a
degraded state but which have acceptable electrical capacity as
defined by IEEE Std 450. Tests and inspections will include capacity
tests, terminal voltage, specific gravity of the electrolyte, and
visual evidence of internal degradation. All shipments will be
performed according the manufacturer’s recommendations.

5.2 Receiving Inspection

- As naturally-aged batteries are received, they will be inspected for
proper e]ectro]yte level, leaks, excess sediment, broken parts,
-cracks, crazing, and damage that was obviously caused during transit.
A1l batteries will be photographed with special attention given to
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abnormalities. The condition of all batteries, as determined above,
will be documented for subsequent analysis. Those batteries that were
obviously damaged during transit will not be exposed to seismic tests
but may be used for other tests including disassembly, chemical
analysis, and for information purposes. Those batteries that pass the

receiving fnspection will be subjected to standard capacity tests as

described in the foiiowing section
5 3 Eatterx Conditioning

‘To determine which batteries are acceptable for testing they wiil be

charged and subjected to stand tests and capacity tests. Batteries
will be charged at the manufacturers recommended rate until speCific
gravity readings, corrected for temperature, have stabilized.

Batteries will then be placed on a 2 week stand test at room |
temperature to identify those that will not hold a charge. Batteries
whose voltage has fallen below 2.13 volts or whose specific gravity
has fallen more than 0.005 gm/cc will be considered defective. If the
battery manufacturer indicates that a different acceptance criteria is
appropriate, it will be used. To establish capacity the batteries
will be discharged at the 3 hour rate as provided in paragraph 6 of
IEEE 'Std 450-1987. As batteries reach 1.75 volts they will be removed
from the circuit to keep them from being reversed. A maximum of 3
discharge tests will be performed to establish whether capacity is
increasing, decreasing or remaining ‘constant (variability). Any
battery that does not stabilize or whose capacity is less than 80% of
rated will be considered defective. Defective batteries may be
utilized for disassembly, scoping tests, etc. and some may be uti]ized
in the subsequent testing programs.

The condition of each’ battery at each stage of conditioning will be
documented and changes will be photographed

5.4 Artificial Aging of Batteries

There are no plans to artific1a11y age batteries to be tested by this
test plan. However, if artificial aging becomes necessary it will be
accomplished according to the procedure for acce]erated aging that is
provided by IEEE Std 535 ,

Seismic Testing

Batteries wiil be subjected to seismic tests to determine how much
electrical capacity could be lost as a result of shaking during a
seismic event. The twelve batteries will be divided into three groups
of four batteries each. Each group will be tested at only one level
of excitation to minimize fatigue effects which could bias the
;e?ults, and each group wi]i have a different level as described

elow .

A1 batteries wiii be tested using required response spectra typical
of the required spectra for batteries in nuclear plants. Three levels
of excitation will be utilized as described by Figures 1, 2, and 3.
These curves are based on information received from some utilities,
use a damping factor of 2%, and are the best estimates of excitations
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that encompass the required response spectra for batteries in 50%,

85%, and 90 to 95% of the nuclear plants. In addition, Figure 3 is a
modification of a curve pub]ished .dn an EPRI report, NP-5223, "Generic
Seismic Ruggedness of Power Plant Equipment”, known as the GERS
(Generic Equipment Ruggedness Spectrum) for batteries. . This curve
represents a level of seismic ruggedness for which there is a high
degree of confidence. ' The EPRI GERS curve, which is based on a
damping value of 5%, was modified to approximate a 2% damping curve by
increasing the peak excitation by a factor of 1.36. This value was
obtained by calculating the ratio of the peak excitation for 2% to the

peak excitation at 5% damping found in Regulatory Guide 1.60, "Design<..f

Response Spectra For Seismic Design of Nutlear Power Plants". Figure
4 is an overlay of Figures'l, 2, .and 3. The response spectra in each
of the two horizontal directions (in a three axis system) will be
equal and the vertical/horizontal input ratio will be in the range of .
1.0 to 0.67. The excitation for the seismic testing will be random in
nature with two percent damping. This value of .damping has been
specified by some nuclear plants and is representative of those
provided for structures in IEEE Std 344-1975.  IEEE Std 344-1975
states that an earthquake of magnitude 6.0 or higher on the Richter
scale may persist for 15 to 30 seconds with the major energy content .
usually occurring in the first 5 or.10 seconds. Therefore, the
duration of each test will be about 30 seconds. :

A triaxial shake table 'will be used. IEEE.Std 344-1975, "IEEE
Recommended Practices for Seismic Qualification of Class 1E Equipment
for Nuclear Power Generating Stations", states that when a biaxial
table is used the equipment is to shaken at 2 or 4 different
orientations about the vertical axis (2 if the inputs are o
uncorrelated, random, and 4 if the inputs are not.random). However,
this is a research program and not a qualification program, and .
repetitious biaxial shaking may not yield the same results as single
event triaxial shaking. Therefore, a triaxial table will.be used.

Batteries will be placed on the shake table in a two step rack,
purchased from the battery manufacturer, that has been seismically
qualified for use in a nuclear plant. The batteries will be loaded in
the rack and the rack attached to the shake table. according to the
manufacturers instructions. This will simulate the way batteries are
mounted in a nuclear facility. Figure 5 shows a sketch of how the
batteries will be mounted on the shake table. Because the rack is
designed to hold twelve batteries and batteries will be tested in
groups of four, eight dummy batteries will be built and installed to
fill the rack and load it as if it were filled with twelve batteries.
The dummy batteries will be solid and of the same size , weight, and
with about the same center of grav1ty as the actual batteries. The
four batteries will be located in the center of the top step to
subJect them to the maximum accelerations.

The battertes will be discharged at 2% of the 3 hour rate, with
current and battery voltages being monitored, while being seismically
tested to detect the existence of catastrophic failure. Figure 6
shows a sketch of the electrical circuit. This rate is consistent
with the rate recommended by IEEE Std 535-1986 Paragraph 8.3.1.1(2).
Any battery that fails to continuously provide at least 1.75 volts
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will be considered to have failed and will not be subjected to further
‘testing. After each level of seismic testing the capacity of the
batteries will be determined by discharging at the 3 hour rate. After
the 3 hour discharge the batteries will be recharged. ’

Accelerometers will be pléced on the rack mounted batteries during the
seismic test sequence so batteries’ response can be compared to the
input to the shaker table. . L v .

Visual inspection, photographs, and a written description of the
batteries at each phase of the seismic testing will be accomplished.

5.6 Jesting of Alternate Surveillance Methods

During the pre seismic tests, section 5.2, and the seismic tests,
section 5.5, alternate surveillance or monitoring methods that may be
more sensitive to aging related degradation will be tested. The
alternate monitoring methods are: 1) measurement of internal
resistance, 2) measurement of capacitance, and 3) measurement of
battery polarization (comparison of battery voltages measured while
increasing discharge current with those obtained with decreasing the -
discharge current). These measurements were suggested as being able -
to provide an indication of battery condition in NUREG/CR-4533,"
“Program to Analyze the Failure Mode of Lead-Acid Batteries." The
report is a result of investigations performed by the Westinghouse R&D
Center for SNL in 1986. The results of these alternate monitoring
methods will be compared to the electrical and seismic conditions of
the batteries as determined by the standard tests. The objective of
these measurements is to determine if one or more of them are more
sensitive to aging degradation than the standard volt-ampere tests
that determine the electrical capacity of batteries. A more detailed
discussion of the alternate surveillance methods and the techniques
for performing them is provided in appendix A.

5.7 Post Test Examinations and Data Analysis

Selected batteries that have failed (either catastrophically or by
failing to provide 80% of rated capacity) will be disassembled and
examined to determine cause of failure. It is expected that the
failure mode will be one that has been anticipated, however, failure
mode will be verified. Battery condition will be documented with both
written descriptions and photographs. Results of the post test
examinations, the pre seismic capacity tests, and the post seismic
tests will be compared to determine the adequacy of the seismic
ruggedness of the batteries.

6.0 REPORY OF TEST RESULTS

A NUREG/CR report will be written descfibing'the test program, the test
results, and conclusions reached. _

7.0 ESTIMATED COST _
The estimated cost to perform these tests is $216K
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Notes:

1. Rack is to be attached to the table according to
manufacturer’s instructions.

2. Locate four C3D LCU-19 batteries, that form a single
group, in the center of the top step. Fill the remainder
of the rack with dummy batteries supplied by the INEL.

3. Install batteries and dummies according to the
battery/rack manufacturer’s instructions.

Figure 5 Sketch of Battery Mounting Configuration

(19



breaker

A P!
| |
| battery(s) - charging and
— being flexible discharging
.' ——— tested ' | cable equipment
l —] v 1

- e e e e = = breaker
shake table

- Figure 3 Sketch of Circuit For Shake Table Tests
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POTENTIAL ALTERNATE SURVEILLANCE OR MONITORING METHODS FOR BATTERIES

INTRODUCTION

Some proposed alternate surveillance or monitoring methods that may be
more sensitive to aging related degradation are discussed in the following
paragraphs. The methods discussed are 1) measurement of internal
reistance, 2) measurement of capacitance, and 3) measurement of cell
polarization {increase and then decrease the discharge rate, and compare
the cell voltages obtained). These measurements were suggested as being
able to provide an indication of cell condition by the Westinghouse R&D
Center in NUREG/CR-4533, "Program to Analyze the Failure Mode of Lead-Acid
Batteries”. The study was performed by Westinghouse for Sandia National
Laboratory as a result of research being conducted for the NRC. The
following describes specific types of degradation that may be detected
with the measurement of capacitance and resistance.

"A lower than ekpected capacitance will probably be indicative of a
failure mode involving shedding, plugging of pores due to
morphological changes, or exfoliation from the current collector grid.

The electronic resistance of the cell is interpreted as a measure of
the condition of the current collector grids, the integrity of the
busses, and the attachment of the active material to the grid. A high
electronic resistance as measureed by a current interruption
technique, would indicate failure by the above modes rather than by
those which would be indicated by a low measured capacitance."

The slope and shape of the polarization curve provides additional
indication of cell condition. The slope of the curve is another
indication of the internal resistance while shape indicates general
condition. A nearly linear shape suggests that the cell is under
reistance control, which is expected for a cell that is fully charged and
in good condition.

MEASUREMENT OF CAPACITANCE AND RESISTANCE

The equivalent circuit of Figure A-1 was used by the Westinghouse R&D
Center for their analysis and is also used for this analysis.
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Ry represents the electronic reistance of the cell, R, the reaction
resistance, and C the cell capacitance.

The following illustrates how each of the circuit paramaters can be
measured.

For a step increase in current, I, of Al from I, to I, + Al
the circuit equation for the vo]tage across R, 1s

E/Ry + CAE/dt = (I, + AI)[u(t)]

Where Io is the current I before time, (t), = 0 and [u(t)] is the
expression for a unit step at t = 0.

The solution is:
For t > 0;
Ec = IRy + AIRy(1 - e”t/RoC)
And for t < O;
Ec = IR,

The voltage at the terminals Ey is the sum of the voltage across Rj
and E. and is expressed as:

for t < 0;
By = I Ry + IgRy = I4(Ry + Rp)
for t > 0; '
Ey = Io(Ry + Ry) + AI[R) + Rp(1 - e ¥/Roly)
Figure A-2 shows a graphical representation of the above expressions.

Using the previous equations the circuit elements Ri» R, and C can be
determ1ned as follows:

at t = 0 the instantaneous change in Ey is;

Aty = [(voltage at t = 0) - (voltage before t = 0)]
i AEy = [I4(R) + Rp) + AIR|] - [14(R} + Ry)]
AEy = AIRy
and so;
Ry = AE¢/Al (1)

A-22
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(I, + AI)(Ry + Rp)

I5(R) + Rp) | AIR

Figure A-2 Terminal Voltage Response to a Step Increase in Current

S

A-23



at t = infinity the voltage, £;,¢, is;

Einf = Io(Ry + Rp) + AI[Ry + Ry(1 - 0)]

Einf = (1o + AI)(Ry + Rp)

and the change from before t =0 is;

AEy = [(I, + AI)(Ry + Rp)] - [I5(Ry + Rp)]

AEy = AI(R; + Ry) -

and so; _

R, = (AEy/AI) - Ry | (2)

Note that the term AE; is different in equation 2 than it is in
equation 1.

since the time constant 7 = RyC;

C = T/RZ (3)
The Westinghouse R&D Center has stated that R; may also be determined by
interrupting a discharge current of about 50 amperes with a high speed
switch and noting the instantaneous change in voltage.

CIRCUITS FOR MEASUREMENT OF RESISTANCES, CAPACITANCE, AND POLARIZATION

Figure A-3 shows the circuit for measuring Rys Ry, and C by using a

step change of about 1 ampere in charging curren%. Based on information
obtained by the Westinghouse R&D Center the following are the approximate
values that are expected:

Ry = 0.3 milliohm
Ry = 41 milliohm
C = 1100 farads
7 = 45 seconds

Figure A-4 shows the circuit for measuring the electronic resistance by
interrupting a discharge current of about 50 amperes.

The circuit for performing the polarization tests is shown in Figure A-5.
The discharge current will be increased in steps up to a current of 450
amperes and then decreased in steps to 0 amperes. Each step will be held
for 1 minute and the voltage and current will be recored at the end of
each 1 minute step.
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‘Notes: 1.

-
2 e
N

LR

current measurement

voltage measurement

charger and
~fast switch

L. T , circuit

single cell

Current and vo]tagé measurements must have a response time
no greater than 4 milliseconds. A 0.4 millisecond or better
response is preferred. o

The voltage measurement must be attached directly to the

cell terminals to avoid measuring the contact resistance
between the terminals and the external circuit.

The step change in charging current must occur as fast as
possible. A switching speed of 0.1 miliisecond is
preferred. ' :

- Figure A-3 Circuit For Measuring Resistances and Capacitance

with a Step Change in Charging Current
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Notes:

current measurement —— 1
e e high speed
— switch
voltage measurement
| - discharge
| ﬁ‘ equipment
single cell - _rw'_ a I

1. Current and voltage measurements must have a response time.
no greater than 4 mi]l1seconds A 0.4.millisecond or better
‘response: 1s preferred R '

2. The voltage measurement must be attached direct]y to the
St call- terminalé to avoid mea$ur1ng the contact resistance
between the terminals and the external 'circuit.

3. The step change in discharging current must occur as fast as

possible. A switching speed of 0.1 millisecond is
preferred.

Figure A-4 Circuit For Measuring Resistances and Capacitance
by Interrupting Discharging Current
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current measurement

voltage measurement h discharge
equipment

Asingle cell

Notes: 1. Use 50 ampere stepsiincreasing ffom-d-to 450 amperes and
then decreasing from-dSQ-to 0 amperes.

2. Each step is to be held for 1 minute. Data is to recorded
at the end of each 1 minute step.

Figure A-5 Circuit For Measuring Cell Polarization
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SEISMIC SIMULATION
Test Report

REPORT NO. . 40525-1

WYLE JOB NO. 40525

oo NOTT _ c89-102280

PAGE 1 OF 156 PAGE REPORT
DATE May 19, 1989

SPECIFICATION (S)
See References in Section 7.0

EG&G Idaho, Inc.

1.0 CUSTOMER

. P. O. Box 1625, 1ldaho Fall Idah 314
ADDRESS ! alle, Idaho 83145

Twelve Naturally-Aged C&D LUC-19 Stationary Batteries

20 TEST SPECIMEN

C&D Power Systems, Inc,

30 MANUFACTURER
40 SUMMARY

Twelve Batteries, described in Paragraph 5.1 and hereinafter called the specimens,
were subjected to a Sefismic Simulation Test Program as reqguired by the EG:G Idaho,
Inc., Purchase Order Number C89-102280 and Wyle Laboratories' Seismic Test
Procedure 543/60525-01/0K dated April 1, 1989, Revision A dated April 18, 1989.
This test program was performed on April 18 through 21, 1989,

- The test program consisted of single-axis resonance search testing and triaxial
random multifrequency testing to several test 1levels: The specimens were
interconnected and their output was monitored during the performance of the tests.
Additionally, pre-eceismic and post-seismic capacity checks were performed by EGEG.

It was demonstrated that the specimens possessed sufficient 'integzity to with-
stand, without compromise of structures or monitored functions, the prescribed
seismic environment. ' :
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Page No. 2
Test Report No. 40525-1

SUMMARY (Continued)

Notice of Anomaly No. 1, located on Page 11, documents the procedural
deviation that several of the Jdatapoints of the Test Response Spectrum
plots did not envelop the Required Response Spectrum. '

Notice of anomaly No. 2, located on Page 12, documents the degree of
scraping (caused by the battery rack tie rods) damages to the transparent
polycarbonata battery housing containers.

Table I, located on Page 13, contains descript;ons of the teat runs.

Pigure 1, located on Page 15, shows the mounting locations of the
Batteries and response accelercmeters.

Figures 2 through 9, located on Pages 16 through 23, show the horizontal

-and vertical Required Response Spectra for the 50% Level, 85% Level, 95%

Level, and the 1003 Level Teats, respectively.

Photographs 1 through 5, located on Pages 25 through 27, show the tast
setup details of Test Series 1 (Group #1 Batteries} and response accel-
erometer mounting locations.

Photographs 6§ and 7, located on Pages 27 and 28, pertain to Test Series 2
(Group #2 Batteries) testing. :

Photographs 9 through 12, located on Pages 28 through 30, pertain to Test
Saries 3 (Group #3 Batteries) testing.

Photographs 13 through 17, located on Pages 31 through 33, pertain to the

‘Bara Table Test performed prior to Test Series 4.

Photographs 18 through 27, located on Pages 33 through 38, pertain to
Test Series 4 (Group #1 Batteries 100% Level) testing.

Appendix I, beginning on Page 39, contains Transmissibility plots of the
specimen-mounted accelerometers from the Resonance Search Tests.,

Appendix 11, beginning on Page 47, contains Test Response Spectrum plots
of the control and specimen response accelerometers from the Seisnmic
Simulation Tests.

Appendix 1II, beginning on Page 115, contains a summary of the
oparatiocnal checks performed and their respective results,

Appendix IV, beginnirg on Page 123, contains the Instrumentation‘nog
Sheets, Instrumentation Equipment Sheets, and Instrumentation Data

Sheats.

Appendix V, beginning on Page 135, contains Wyla Laboratories' Seismic
Test Procedure 543/40525-01/JK dated april 1, 1989, Revision A dated
April 18, 1989.

WYLE LABORATORIES
Huntsvilla Facility
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: Page No. 3
Test Report No. 40525-1

S.1 -

TEST REQUIREMENT DEYAILS

-The test requitemeﬁts ate as described in Test Procedure No. 543/40525~

01/JK Revision A, which is contained in Appendix V.-

- Specimen Description .

Twelve naturally-aged (tec 13-1/2 years)  C&D LCU-19 Batteries, each
having an electrical capacity of 1350 ampere-hours were divided in three
groups of four batteries each. Each Battery is 7-5/8" long, 14-1/8%
wvide, and 22-~1/16" high and weighs 240 pounds. The following identifies
the groups and the tests which were performed.

TEST _ :

SERIES . GROUP - . EG&G I.D. NOS. - " PERFORMED TESTS
1l ] f1 . . 18, 24, 26, 46 v Resonance Search Test

and
50% Level RMF Test

2 g2 17, 25, 45, 48 85% Level RMF Test
3 £33 23, 29, 30, 47 95¢ Level RMF Test
4 . £1 18, 24, 26, 46 " - 100% Level RMF Test

' LEGEND: RMF = Random Multifrequency

Each group of four Batteries was mounted in the upper shelf of a C&D No.
RD-903-5 Seismic Battery Rack Assembly (which is capable of holding 12
batteries as shown in Figure 1) according to the instructions outlined in
appendix C of EG&G Specification ES-51235.

HOTE: §&ince conly four batteries were tested together, the remaining
eight locations on the rack were filled with simulated batteries.
The simulated batteries were constructed of wood and steel and
had the weight and dimensions of an actual battery.

Each gpecimen was charged to the gpecified capacity prior to testing and
was electrically loaded (discharged at 2% of the specified three-hour
rate) during the Seismic Tests. The charge equipment and monitoring
environment to pe:form these tasks were the responsibility of EG&G.

NOTE: All testing ‘was perfo:med at. ambient laboratory tenmperatures
which vere within the specified 77°F &

WYLE LABORATORIES
- Huntsville Facility
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Test Report No. 40523-1

5.2

5.3

6.0

6.1

TEST REQUIREMENT DETAILS (Continued)
Test Sequence

The test sequence described in Paragraph 1.3 of the Test Procedure
(Appendix V) was followed for the firat three test series.

EG&G decided to perform Test Series 4 after successful completiocn.of the
first three test series. Therefore, Step 1 and Steps 4 through 12 were
repeated (for the Group §l1 Batteries) for the 100% Test lavel. |
Acceptance Criteria

The minimum acceptance criteria were defined as follows:

. The specimens shall retain their structural and electrical
integrity during and after the Seismic Tests.

° The specimena shall be capable of performing their designed
function during and after the Seismic Tests. (EG&G shall monitor
. the specimens as required and shall verify that the specimens
operated per their design requirements.)
e Leakage due to cracked cells shall not be acceptable.

NOTE: The acceptance criteria apply to the Battery <Cells only
(excluding Battery Rack and dummy batteries, etc.).

TEST PROCEDURES AND RESULTS
Pre-Selsmic Operational Verification

Prior to performing the Seismic Tests, all specimens were subjected to
the following:

° Receipt inspecticn

® Electrical capacity checks by discharging at the three-hour rate
° Recharging to the required chargs lavel

) Alternate surveillance measurements.

These tests were performed by EG&G personnel.

WYLE LABORATORIES
Huntsvilte Facility
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6.0
6.2

o 6.2.1

6.2.2

6.2.2.1

TEST PROCEDURES AND EESULTS « (Continued)
Seismic Testing

Following successful completicn of the above teets, the specimens (in

-groups of four) iere subjected to Seismic Tests outlined in the
‘p:ocedu:es below. -

Specimen Hbunting and Otientation

The C&D -Seismic Battery Rack Assembly (pre-mounted on two 4" x 46" x

~3/4"-thick carbon sgteel bars using 1/2-13 Grade 5 bolts which were

torqued to 75 foot-pounds) was placed on the Seismic Test Table such that
its principal orthogonal axes were colienar with the test table's axes of
excitation. The test . fixture. was welded* to the test table.
Subsequently, the eight dummy batterles were installed. Each group of

" four aged Batteries (specimens) was loaded in the rack (located at one

end of the top step of the rack assembly), as shown in Figure 1. Instal-
lation and tie-down of the Batteries in the rack were according to the

. instructions outlined in Appendix C of EG&G Specification ES-51235.

#2-Inch long 3/16" welds {on either side of each mounting
bolt location) were utilized to weld the fixture to the
test table.

Photographs 1 through 6 and 8 show test setup details for Test Series 1
through 3 testing.

Photographa 16 through 18 show test setup details for Test Series 4
testing.

Resonance Bearch Test Procedure (Group §1 Batteries Only)

A low-level (0.2g horizontally and vertically) single-axis Sine Sweep
Test was performed from 1 to 35 Hz in each of the three orthogonal axes
to establish the resonant £frequencies for the egquipment rack and
specimens. The sweep :ate was one octave per ninute.

Resonance Search Test Results

Table I contains the test run descriptione for the Resonance Search
Tesgts. : ,

Transmissibility ploés (the'specimen zésponse accelerometers divided by
the control accelerometers) from the Resonance Search Tests in each test
axis are contained in Appendix I.

WYLE LABORATORIES
Huntsvilie Facility
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Test Report No. 40525-1

6.0
6.2

6.2.3

TEST PROCEDURES AND RESULTS (Continued)
Seismic Testing (Continued) ' ' S

Random Multifrequency Tests (All Groups)

The specimens were subjected to 30-second duration triaxial multifre-
quency random motion which shall be amplitude-controlled in one-third
octave bandwidths spaced one-third octave apart over the frequency range
of 1 to 100 Hz. Three simultaneous, but independent, random signals were
used as the excitation to produce phase~incoherent motions in the
vertical and two horizontal axes. The amplitude of each one~third octave
bandwidth was independently adjusted in esach of the three axes until the
Test Response Spectra (TRS) enveloped* the Required Response Spectra
(RRS) within the limitations of the test machine. The resulting table
motion was analyzed by a. response spectrum analyzer at 2% damping and
plotted at one-sixth octave intervals over the frequency range of 1 to
200 Hz.

Bach group of Batteries was subjected to one test run to the applicable
test level indicated below:

Test Serles Group Applicable RRS Curves
1 $1 Figures 2 and 3 (50% Level)
2 $2 Figures 4 and 5 (85% Level)
3 i3 Piqures 6 and 7 (95% Level)
4 $1 Figures 8 and 9 (100% Level)

*Various data points on several TRS plots did not envelop
the respective applicable RRS. For details, see Notice
of Anomaly No. 1 and Appendix II.

NOTE 1l: Bare Table Tests to shapa the TRS (for each test level and test
axis) to envelop the respective RRS as closely as possible
were2 performed prior to performing any testing on the
specimens.

NOTE 2: EG&G discharged the Batteries at 2% of the specified three-
hour rate (and monitored the battery current and voltages)
during the Seismic Tests.

WYLE LABORATORIES
Huntsviile Facitity
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6.0
6.2
6.2.3.1

6.2.4

6.2.4.1

6.2.5

TEST PROCEDURES AND RESULTS (Continued_)
Seismic Testing

Random Hultifrequencytes'.t Results _
It was demonstrated that the specimens (the Batteries) possessed
sufficient integrity to -withstand the prescribed esimulated seismic
environment without compromise of structures. No cracked battery cells
wvere noted. '

Desc:ipt:l.ons of the Random Multifrequency Test runs are contained in
Table I.

 TRS plots of the control accelerometers for the OBE and SSE Tests at 2%

damping are included in Appendix II.

no'r!:s Damages to the batte:y rack assembly, as shown 1n Photographs 13
through 15, resulted from the 100% Level Bare Table Test (Test Run
7). which was performed with the battery rack fully loaded with
dummy batteries, At the - direction of the EG&G Technical
Representative, the rack was disassembled, all bent parts were
straightened, = Subseguently, the rack was reassembled, all bolts
‘were retorqued and flat bars were added to the dummy batteries (as

. shown in Photographs 16 and 17) prior to performing Test Series 4.
Additional damages to the rack assembly resulted from Series 4
testing., Photographs 22 through 27 show the extent of these
damages. : :

Specimen Response Procedure

A total of &ix specimen-mounted uniaxial piezoelectric accelerometers
wvere located on the test assembly as shown in Figure 1 &nd Photographs 3
through 6. The placement of the accelerometers was as instructed by the
EG&G Technical Representative. Magnetic tape recorders provided &

- record of each accelezometer & response.

sPecinen Response Results

' !ransmissibility plots of the accele:cmeters from the Resonance Search

Tests are contained in Appendix I.

TRS plots (filtered -at 100 EH2z) of the accelerometers, analyzed at 2%
damping, from all full-level tests are contained in Appendix I1I.

- Rlectrical ¥onitoring Procedures

The Battery performance data were acqui:éd and -stored by EG&G for all
performed Functionsl and Seismic Tests.

WYLE LABORATORIES
ﬂmummawmw
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6.2.5.1

6.3

6.3.1

7.0
7.1

7.2

7.3

7.4

7.5

TEST PRQCEDURBS AND RESULTS (Continued)
Blectrical Monitoring Results

A summary of the EGiG-provided monitoring results i3 contained in
Appendix III. '

' Post-Seismic Operational Verification

A post-seismic specimen inspection was performed on each Battery
following completion of each series test. Additionally, the functional
checks described in Paragraph 6.1 were repeated by the EG&G parsonnel.

Post-Seismic Operaticnal Verification Resnlts

It was demonstrated that the Batteries possessed sufficient functional

- integrity to successfully survive the imposed seismic environments.

ROTE: The post-test visuwal inspections (for Test Series 2, 3 and 4)
revealed scrape marks on the battery housings which were caused
by the battery rack tie rods (for details, see Notice of Anomaly
No. 2 and Photographs 7, 10-12, and 19-21. This did not,
however, affect the operability results of the specimens.

The test results for all batteries were within the specified acceptance
criteria.

The BEG&G-provided test results are contained in Appendix III.

REFERERCES
EGSG Idaho, Inc., Purchase Order Number C89-102280.

Wyle Laboratories' Seismic Test Procedure 543/40525-01/JK dated April 1,
1989, Revision A dated april 13, 1989.

IEEE Standard 344-1975 Specification entitled "IEEE Recommended
Practices for Seismic Qualification of Class IE Equipment for Nuclear
Power Generating Stations.®

EGSG Engineering Specification ES-351235 entitled "Seilsmic Testing of
Naturally-Aged Stationary Batteries,™ dated January 20, 1989.

Wyle Laboratories' (Eastern Operations) "Quality Assurance Program
Manual® dated June 19883.

WYLE LABORATORIES
Huntsvilte Facility
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9.0

3 ’Y{

v
~ 0.

QUALITY ASSURANCE

I e T
A1l work performed on this test program was done in accordance with Wyle
Laboratories®' Quality  Assurance:  Program: -which complies with the
applicable requirements of Military Standard MIL-STD-45662A, 10 CFR 50
Appendix B, ANSI N45.2, and the "daughter™ standards. Defects are
reportable in accordance -with the requirements‘of 10 -CFR Part 21. -

TEST EQUIPMERT AND INSTRUMENTATION

All instrumentation, measuring, and test equipment used in the
performance of this test program were calibrated in accordance with ¥Wyle
Laboratories' Quality Assurance Program which . complies with the
requirements of Military Specification MIL-STD-45662A. Standards used
in performing all calibrations are traceable to the National Institute
of Standards and Technology (NIST)} by report number- and date. When no
national standards exist, the standards are traceable to international
standards, or the basis for calibration is otherwise documented.

'

‘WYLE LABORATORIES
Huntsville Facliity
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THIS PAGE INTENTIONALLY LEFT BLANK.
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' Test Report No. 40525-1
M‘&E ) (Eastern Opaerations) :
. DATE:
NOTICE OF ANOMALY 7 . 5/2/88

nomiceno:_L____ p.0.numser: C88-102280 CONTRACT NO: N/A
cusvomen: . EG&G Idaho, Inc. _ wyieJosNo:_ 40525

F NOTIFICATION MaDE T0: 3¢ Edson : NOTIFICATION mre_;iﬂg;llLB.?_.
NOTIFICATION MADE BY: ___ H. Meﬁ“z' . VA _ Verbal
3 ' ' , DATEOF :
cateaory: (specien XReroceouse [ TESTEQUIPMENT ANOMALY: 4/19-21/88%
panTName: _ A1 C&D LCU-19 Stationary Batteries ___parTNo._ N/A
TEST: Random Muitifrequeney Tests , LD. NO. . N/A -
speciricaTion: WLTE 543/40525-01/ 'T,K' Ref" A ' PARA.NO.__2:4.3
REQUIREMENTS:

. » - The amplitude of each one-third octave bandwidth shall be independently adjusted
in each of the three axes until the Test Response Spectra (TRS) envelop the Required
Response Spectra (RRS) within the limitations of the test machine. . .

DESCRIPTION OF ANOMALY:

During the performance of the random multiﬁ-equeney testing (for all test levels)
- several of the data points on the TRS Plot did not envelop the specified RRS.

DISPOSITION -~ COMMENTS - RECOMMENDATIONS:

According to the EG&G technical representative, the obtained test levels were
acceptable since the test program is & R&D type in nature rather than a qualifieation
test program and he did not want the specimens and the rack assembly exposed to any .
edditional unnecessary testing. 3 , : ’

NOTE: IT IS THE CUSTOMER'S RESPONSIBILITY TO ANALYZE ANOMALIES AND COMPLY WITH 10 CFR PART 21,

VERIFICATION: ” ' PROJECT ENGINEER: _ Voreser /B
TEST WITNESS: J.Edson PROJECT MANAGEH’
REPRESENTING: ___. EG&G Idsho. Ine, E“?E&B&"A‘r‘.‘%‘ﬁf N
QUALITY Assuuuczzﬁams‘_’zmﬁu**_-_ﬁ_ﬂ'ﬂ ' ‘
| mv JAN "85 . Page _1 _of. .1l __
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rg—wumms (Eastern Opcnt!oni) e
NOTICE OF ANOMALY 5/2/39 |
NOTICENO: _2___ p.0.NumBER: _C89-102280 ~  contracTwo: _ N/A
NOTIFICATION MADETO;___ - Edson - - _ NOTIFICATION DATE: 4/19-21/8
NOTIFICATION MADE Bv:___ - Melinz - ’ iA:__ ‘ Verbal
_ _ DATE OF

CATEGORY: KJspeciMeN [JPROCEDURE [ TEST EQUIPMENT ANOMALY: 4/13-21/89
PART NAME: Polyearbonate Transparent' Contamer ——— PARTNO. N/A
JEST: Random Multifrequency Tests ' L.D. NO. N/A
SPECIFICATION: LT 543/40525-01/JK, Rev. A PARA. NO 2.6 & 3.0
REQUIREMENTS:

. « . The specimens shall be inspected for any obvious damage following all tests.
« « « All important vibration effects shall be logged . . .
DESCRIPTION OF ANOMALY:

Post-test inspections (performed following completion of the 85%, 95%, and 100%
level tests) revealed scratch and scrape marks on the transparent polycarbonate
battery housing containers of the batteries located on either .side of the battery rack

tie rods. The severity and depth of the scratches and burrows was direetly proportional
to the degree of input levels..

DISPOSITION - COMMENTS - RECOMMENDATIONS:

The observed damages did not affect the operability of the specimens. However, the
noted damages warrant an investigation concerning the possibility of replacing the
existing rod system with an improved one. Photographs showing the extent of the
noted damages on the batteries are presented in the body of the test report.

fon

NOTE: IT IS THE CUSTOMER'S RESPONSIBILITY TO ANALYZE ANOMALIES AND COMPLY WITH 10 CFR PART 21.

2 -

VERIFICATION: PROJECT ENGINEER:
INTERDEPARTMENTAL y
REPRESENTING: EG&G Idaho, Inc. COORDINATION: v
QUALITY Assunmca:ﬂ.sm_’mhum-z—_—__ Flisamans S-=-% 7
1l 1l
Wyls Form WH 1068, Rev. JAN ‘88 Page of
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TARLE X
TEST RO DESCRIPTIONS

~ TEST  TEST ACCELERATION
BON NO, ZYPE OF TEST AXIS  LEVEL FBIPA ESIPA  VZFA COMMENTS
e BT 1 nr TRI 508 0.6  0.78  0.44 Table Only
BT 2 nr 1RT 85t 11 1.5 ;.6 Table Only
BT 3 BMF TR 58 2.6 2.7 1.9 Table Only
».

PERFORMED PRE-SEISMIC OPERABILITY VERIFICATION ON ALL BATTERIES

TEST SERTES 1

1 Sine Bweep | 2] — 0.2 — —— 1 ¢to 35 H:z

2 Bine Sweep 8s —— — 0.2 = 1 tc 35 Bz

3 Eine Sweep v ——— — e 0.2 1 to 35 Rz

‘ o TRI 508 0.75  0.70* .63  See Note 1
TEST SERIZS 2

s M TR 85¢ 1.5 1.3 1.1 Bee Note 2
‘TEST SERTES 3 -

[ nr TR 5t 3.5¢% 3.1 3.1 See Note 2

PERFORMED PCST~-SEISMIC CPERABILITY vzuixcuxou CN GROUP {1 BATTERIES

7 MF TRI 1008 . 5.6* (.00 4.2 gee Note 3
TEST SERIES 4

8 RMFP TRI 100 S.1* 8.7¢ 4.6 See Kotes 2 and 3

. ®Some data points on the TRS dié not envelop the RRS (reference Kotice of Ancraly
L ' No. 1).

NOTE 13 Post~test imspectien uveahd no damages.

NOTE 2: Reference Hotice of Anomaly No. 2 and Paragraph €.3.1.

Loy NOTE 3: Damages to the Battery Rack Assenbly occurred. Yor details, see NOTE in
Lo ) Paragzaph 6.2.3.1. . i
LEGENDs BT = BRare Table
f2 = [Front-to-Back
8S = Blle-to~Eide
Vv = Vertical '

SPA = Zero Period Acceleration

IMF e Random Multifreguency

TRI « Zriaxial :
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FULL SCALE SHOCK SPECTRUM (g Peak)
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FULL SCALE SHOCK SPECTRUM (g Peak)
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FULL SCALE SHOCK SPECTRUM (g Peak)
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FULL SCALE SHOCK SPECTRUM (g Peak)
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_ TEST.SERIES 1 TEST SETUP
s GROUP #1 BATTERIES =
(FROM LEFT TO RIGHT.{§26, 18, §24 AND £46)

BATTERY RACK MOUNTING DETAIL
- R 1 ‘
CONTROL ACCELEROMETER MOUNTING LOCATION

{TEE SAME EORBI%I]. TEST SERIES)
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PHOTOGRAPE 3

ACCELEROMETERS
1 FRONT-TO-BACK AND 2 SIDE-TO-SIDE

MOUNTING LOCATION OF

(THE SAME FOR ALL TEST SERIES)

1)

| X8

PHOTOGRAPE 4

MOUNTING LOCATION OF ACCELEROMETER

3 VERTICAL
(THE SAME FOR ALL TEST SERIES)
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_MOUNTING LOCATION OF ACCELEROMETERS
4 FRONT-TO-BACK, 5 SIDE-TO-SIDE AND € VERTICAL
‘ (THE SAME FOR ALL TEST SERIES)

TEST SERIES 2 TEST SETUP

GROUP §2 BATTERIES
(FRONT LEFT-TO-RIGHT #25, §45, €48 AND £17)
B-33 '




Page No. 28
Test Report No. 40525-1

._j} , PBOTOGRAPH 7

POST-TEST SERIES 2 CONDITION ‘
OF BATTERY 345

NOTE THE EXTENT OF TIE ROD SCRAPING.

TEST SERIES 3 TEST SETUP
GROUP §3 BATTERIES
(FROM LEFT-TO-RIGET #47, #23, 130 AND #29)
B-34

| 3

o/ AR ki




-~
-

Page No. 29
.+ Test Report No. 40525-1. .

PHOTOGRAPH 9

TYPICAL INTERCONNECTION PATTERN
(HERE TEST SERIES 3)

POST~-TEST SERIES 3 CONDITION
OF BATTERY €23

ROTE TEE EXTENT BOFSSTIE ROD SCRAPING
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PHOTOGRAPE 11

POST-TEST SERIES 3 CONDITION
OF BATTERY $#47

NOTE THE EXTENT OF TIE ROD SCRAPING

NOTE3

PHOTOGRAPH 12

POST-TEST SERIES 3 CONDITION
OF TIE ROD SLEEVE

DUCT TAPE WAS WOUND AROUND THE DAMAGED
SLEEVE PRIOR '.I.'BO él'é!S‘l‘ SERIES 4 TESTING.

Ny
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-~
-

- - POST-TEST RUN 7 CONDITION
. - OF THE BATTERY RACK CROSS BRACES
(FRONT SIDE) '

POST-TEST RUN 7 CONDITION
OF BATTERY RACK CROSS BRACES
(FRONT SIDE)
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PHOTOGRAPH 15

: POST-TEST RUN 7 CONDITION
OF BATTERY RACK CROSS BRACES
' (REAR SIDE)

PHOTOGRAFH 16

ADDED INTERCONNECTING 1" WIDE X 3/16™ THICK
CARBON STEEL FLATS TO DUMMY BATTERIES
PRIOR TO TEST SERIES 4 TESTING

8-38
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.- .

. 'ADDED INTERCONNECTING. 1" WIDE X 3/16*

THICK CARBON STEEL FLATS TO DUMMY BATTERIES

'PRIOR TO TEST SERIES 4 TESTING.

'TEST SERIES 4 TEST SETUP
© GROUP $1 BATTERIES -
(FROM LEET-TO-RIGET gzs. 18, §24 AND £46)
. ) -39 -
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Y

PHOTOGRAPH 19
POST-TEST SERIES 4 CONDITION OF BATTERIES

ALL BATTERIES LOST SOME ACID THROUGH THE BREATHERS.
BATTERY #26 LOST ADDITIONAL ACID THROUGH TEE TOP SIDE
INTERFACE. ACID LEVEL WAS APPROXIMATELY 1 INCH LOWER
THAN THE OTHER BATTERIES.

R S s St

PHOTOGRAPH 20 .

POST-SERIES -4 CONDITION or‘nnrwsn: 118.

NOTE THE EXTENT OF TIE ROD SCRAPING
B-40
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=

POST-SERIES 4 CONDITION OF BATTERY §26
NOTE THE EXTENT OF TIE ROD SCRAPING.

' PHOTOGRAPH 22

POST-TEST SERIES 4 CONDITION
~ BATTERY Rg’czlgssmw
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POST-TEST SERIES 4 CONDITION
or
BATTERY RACK ASSEMBLY

POST-TEST SERIES 4 CONDITION
» oF
BATTERY RACK ASSEMBLY

NOTE BROKEN TIE ROD
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POST-TEST SERIES 4 CONDITION
. OF
- BATTERY RACK ASSEMBLY
(ISOLATION COVERS SLIFPED)

PHOTOGRAPH 26

POST-SERIES 4 CONDITION
oF
BATTERY RACK ASSEMBLY p_,o
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PHOTOGRAPH 27

POST-SERIES 4 CONDITION
or
BATTERY RACK ASSEMBLY
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APPENDIX I

TRANSMISSIBILITY PLOTS
v FOR
TEST SERIES 1 TESTIRG

TEST RUN : TEST AXES
1 Front-to-Back (FB.)
2 © Side-to-Side (S5)
3 Vertical (V)

HCA = Horizontal Control Accelerometer
VCA = Vertical Control Accelerometer

WYLE LABORATORIES
©* . Huntsville Facility
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ALY

FULL SCALE TRANSMISSIBILITY
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FULL SCALE TRANSMISSIBIUTY
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- FULL SCALE TRANSMISSIBILITY '
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FULL SCALE SHOCK SPECTRUM (g Peal)
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Lol 1

H

100 108 1000 10000
DAMPING

." : 1 : T ; < ' :
7
[ ]
B +-
. ‘ " & T i
E:-.ﬁ
10 LTl
s
7 + i
K14 1IN L
¥ - =
t 3
2 3
g- 3 T
o
& i
§ o
B0
Q9 b
RE-X I
S
=d
N
. [ 3
‘.
L -4
E e
s :
‘;1, " : T
' . 2 ) 4 [ 4 10 1 - } L3 s ¢ 8 %10 2 -8 4 [ ) [ 8 910
1 ' 10 . Frequency (H2) 100 1000
SPECIMEN —_ 2 LocaTion No., __VEAR
AXIS TR/ . TesT Aun no. B7-3_(95% Le322)

B-113



LOGARITHMIC

*32 X 3 CVCLES

.

‘Acceleraﬂon(npaa_k)

-

- ® N e eo .

”» e N 8SO

-

*

- e NP eo

»

100 100

Page No. 108
Test Report No. 40525-1

FULL SCALE SHOCK SPECTRUM (g Peakl

DAMPING

100 10000

oy

e -
Tt

T
L et Ll
=t

L

-
T

1

11

T

43

T

1) i

]

(g

3 4 [ I ] a 910

10

BRRE TASIE TEST

2

3 4 B 6 7 8 210 2 ] *

Frequency (Hz} 100

SPECIMEN Bﬂm g +ﬁUMMy Uﬂﬂﬂqoc ATION NO. FB _LXCA

AXIS R )

TEST RUN NO. ’Z

B-114

1000



: Page No. 109
T Test Report No. 40525-1

FULL ECALE SHOCK SPECTRUM (g Peak)

7200 100 100d 10000

° ’ 10 ¢+ : - T T I I
g ’ T = VPl B e v —
- Hr it ~r T
¢ i N T - =7 117
? N 3 1:Fs 1 i Haolisit 1.1
& 4= RN i HER1AL 18 I SR i FLERE L8] ¥
. B T = : ; :
T T T
. & L) 1
A T r L bl 1 T
Ji 11 11 il 1
'#' : T T 1
: s — 2= = -
2 -
10 vy
' ‘5 ry
' T
’ . ]
N i []
. i
s =t = =s 8
. >,
4
1
1 |
3 == = == =
2 :
E‘ ¢ i
=
10
s
s
) g L4
2 §_§ .
zS ) : =
_— < —+ -+
SR : : +
" 4 :
F
1
3 4t
e 2
N
b
1 |
3 4 L 10 3 4 [ L 10 2 4
1 10 ‘ 100
Frequency (H2)

BArE TAE€LE 7237
BATTERY RACK =4~

speciMen DULMY WEIGHTS LOCATION NO. _ S5 HCA
AXIS i TEST RUN NO. 1.

B-115




Page No. 110
Test Report No. 40525-1

FULL SCALE SHOCK SPECTRUM (g Peak)
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SEISMIC TESTING OF BATTERIES
B CONDUCTED ‘AT
WYLE LABORATORIES

Seismic testing of naturally aged batteries obtained from ANO-2 was
performed at Wyle Laboratories, Huntsville, AL, April 19 through 21,
1989. The following is a summary of the capacity of the batteries
measured at the INEL before shipping to Wyle, at Wyle before the seismic
tests, and at Wyle after the seismic tests. The performance of the
batteries during the seismic tests is alsc presented. Capacities were
determined by discharging the batteries at the 3 hour rate (351 amperes)
and measuring the time required for each battery to discharge to 1.75
volts, in accordance with IEEE Std. 450. During the seismic tests the
batteries were loaded at 2% of the 3 hour rate (7 amperes) as recommended
by IEEE Std. 535. The batteries were divided into three groups of 4
batteries each. Group 1 was tested at the 50% and 100% seismic levels,
group 2 was tested at the 85% seismic level and group 3 was tested at the
95% seismic level. Tables 1, 2, & 3 show the electrical capacities of
groups 1, 2, & 3, respectively. Figures 1, 2, 3, & 4 show the battery
performance during the 50%, 85%, 95%, and 100% seismic levels,
respectively. ‘

Table 1 Electrical capacity of the group 1 batteries
(Capacity is percent of rated) :

Battery - Preseismic Preseismic | After 50% After 100%

Number ., at INEL at Wyle Seismic Seismic
Level Level

18 92 a3 95 1

24 94 97 94 o8

26 97 94 96 o9

46 g6 98 98 100

Ave 95 06 66 98

Table 2 Electrical capacity of the group 2 batteries
(Capacity 1s percent of rated)

Battery Preseismic Preseismic After 85%

Number at INEL at MWyle Seismic
Level

17 g7 96 100

25 9 96 93

45 98 99 97

48 74 94 97

Ave g5 96 97
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Table 3 Electrical capacity of the group 3 batteries
(Capacity is percent of rated)

Battery Prasaismic Preseismic After 95%

Numbar at INEL at Wyle Seismic
: Level

23 94 96 93

29 93 99 93

30 94 26 95

47 93 98 96

Ave 35 97 95
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05721788
08/29/89
08/29/89
18/07/88
08707788
18/01/88
08/01/89
18/07/89
08/07/88
08/01/89
08701789
08/07/89
08/01/88
05/09/88 -
65/09/89
85/05/89
05709789
15/04/8¢
25/09/89
05/09/89
05/08/89
15/30/88
18/04/88

DATE: 14719189 J0B YOKBER: 40525-00 TEST 4REA: D NACEINE
TRCERICIAN: C. EROST COsToMER: 8. G. & 6. 1YPE TRST: SEISKIC
B0, LNSTRO¥ENT BARUPACTURER ¥0DSLE - SERIAL # NTLE #  RANGE ! . ACCURACY 1  CALDATE
1 amaLYZRR SPcTasL pTE 132l 45 046765  .1ED TO 10RE3 - .58 02/14/88
2 IIRNT NEMOBY SPECTRAL DYH 13192 L} 096786 .1BI 10 10EBZ  .5DB 02/14/89
3 I-1 DISPLAY SPECIRAL DTE i 435 036767  12IBCH SCREEN  1xLIM 02/14/88
4 I-Y RECORDER Bk 10458 AUst 102313 L5-10v/IN 2505 02/13/89
5 DOAL HI/LO PIL.  WAVETEK 852 1280722 100710  100KH2 .50B 02714789
¢ STRTEESIINE ugap 1475 18111 gos4TY  SHI t0 100B3 4% 02/20/89
T SINTEESIIER ERAd 1918 191-15 095363 .SHI 10 100E1 4% 02/13/89
§ STNTEESIZER 1Y) 1918 i 100187 582 10 10082 4% 02/18/88
9 RECORD TAER T80 -1 180555 102052 BC-50KC 13 12/05/88
10 RECORD TAPE TEAC IB-5000 32073 132073 - DC-20 KEI % DIST 02/23/89
11 0SCILLOSCOPR e 17184 U 092331 DC 10 200 WEZ @ 2% 03/14/8%
12 I-1 PLOTTER /e 10448 833 095371 0-5V/IR 23 03/23/89
13 FILTER TRACK SPECTRAL DTH §-131- 4 (92683  2K¥I-108H1 5 Db 03/02/89
14 BILTER TRACK SPICTRAL DTX §0-1 a2 092604  2H2-10RE2 0B 03702/89
15 AMPL CHARGE RXDEVCO ant BR30 092378  GAIN 1.5% 02/08/89
16 APl CHARGE RNDEVCO a2 BE31 092319 GAIN 1.5% 02/08/89
1T ANPL CRARGE REDEVCO an B3Rl 052389  GAIN 1.5% 02/08/89
18 AXPL CHARGE LHDEVCO mu BR40 092388  GAIN 1.5% 02/08/88
19 AP CERRGR BHDEVCO il BE31 192385  GAIB 1.5% t2/08/89
20 4Pl CEARGE R¥DEVCO a2 BD38 092384  GAIN 1.5% 02/08/89
21 APl CHARGE RHDEVCO A BE3S 092383 GAIN 1.5% 42/08/89
a2 Py, CRARGE E3DETCO a2 BE3 092362  GAIN 1.8% 02/08/88
23 1Pl CHARGE EADEYCO at BE32 092380  GAIN 1.5% 02/08/89
24 CHARCE PR E8DRYCO 2211 1835 092501  15VIC 58 42/08/89
2 "aCCEL BROSL & KJAIR 4366 1104892 161783 2KGSY/SKGSK 5% 02/08/89
2 ACCRL BROUBL & RJaIR 4366 1104943 101810  2RGSY/SEGSK 5% 02/08/89
21 ACCHL BRORL & LJAER 4366 1104821 108058  2RGSY/SEGSK 5% 02/04/8%
28 ACCEL BROEL & LJaIR 4366 1104527 101802  2EGSY¥/SKGSK 5% 02/08/89
18 ACCRL BRORL & KJaSR 4366 1104920 101760  2RGSV/SKGSK 5% 62/03/88
30 ACCEL BROGL & LJAZR 4366 1104344 101809  2KGSV/5KGSK L 8 02/08/88
3 ACCRL £DEVCO 1104-100  BJTS 100852  LKGSV/10KGSE 5 02/08/89
32 MCR IHDEYCO 170¢-100  BJ30 100845  1KGSY/10KGSK 14 02/08/89
33 ACCEL FHDEVCO - T701-100 BAT1 100265  1KG5¥/10GKSK 14 03/01789
8¢ 108GOR WREHCE  PROTO 60064 0138 106127  10-80 #T LBS 111 2/07/88

this is to certify that the above instruments were calibrated using state-of-the-art techniques with stazdards whose calibration is
traceable to the National Iastitate of Stasdards aud Tnchnology
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Page No. 128

' Test Report No. 40525-1
L INSTRUMENTATION EQUIPMENT SHEET PAGE 10F !
DATS: 04/18/89 JOB NOMBER: 40525-00 TBST AREA: D ¥ACBINE
TICHNICIAN: D. VIRGIN COSTONER: £. G. & G. TIPE TEST: SRISHIC
§0.  INSTRUMENT ¥ANOFACTORER MODELS SERIAL 8 VILE & RANGE ) ACCORACY 1 CILBLT! CALDOUR
1 TORQUR WRRHCE 1D T00LS 2850 -84 102647  30-250 I¥ LB 5% -11708/88  05/05/69

This is to certify that the above instrameats mers calibrated using state-of-the-art techniques with standards shose calibration is
traceable to the Natjomal Institute of Standards and Technology.

INSTROMERTATION ﬁ’@;/ ?//?f/ CHECIED & RECRIVED Mﬂ%‘;’ %‘5 4’/ q ’f‘, »
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. INSTRUMENTATION EQUIPMENT SHEET

OATE: 04/20/89

, Page No. 129
Test Report No. 40525-1

J0B NUMBERs 40525-00

PABE | OF

TEST AREA: D NACHINE

1
4

TECHNICIAN: D, VIRGIN CUSTOMERY €. G. & 6, . TYPE TEST: gEISHIC

NO.  [NSTRUMENT - KANUFACTURER NODEL® SERIAL 3 COWILE % RNEED ACCURACY 1 . CALDATE  CALILE
1 DATA RECORDER TEAC IR-510uD 184030 Y74 Y1 DC-SOKHi #,5/-108 43720/89 09415789
2 DIBMWR . FLUKE 80608 70424 104880 20V EC 058 6811789 04711790

This is to certify that the above instrunants were calxbraten using state-of-the-art tec'nlques with standards wxhose calibraticn is
traceable to the National Institute of Standards and Technoluqy.

INSTRUMENTATION GW l//i’o/f?

CHEEKED & RECEIVED BY Muw 4‘2""3’ 9
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WYLE LABORATQR!ES

LI
S A '..(

INSTRUMENTATION DATA SHEET

LR
2

O0tT °on ebeyg

Recorder No._TEAC XR=-5000 Date 14 APR.'89 Axis__ A Setup EG & 6 JIN_40525
Run:f:s bad Run #.L “ Remarks
R . el 5 PR Y
1104892 1| 52,5 1 F-B 300 200 ﬂ
1104943 —2 | s1.6 2 §-5 , * on_rack
1104821 T3 | s0.2 3y )
uosezz | o | a1 __4Fp
1104920 "5 | 515 5 S-S It on cell ,
— 6| 81,0 6 Y ) &
BJ75 —7 1117201 ew! F-BHCA -g
8 [n70] ns S=S HCA " : ;
|_BM71 "9 |16.0 VCA ' §
‘T Cola / Trigger | E
| |— 1
WH 1026A




Le1-4

WYLE LABORATORIES

Recorder No. TEAC_ XR-5000

INSTRUMENTATION DATA SHEET

Date 2DAPR,'89  Axis ‘oA - Setup E G & G
J s —Ir )
Accel. | Amp. | Gatvo |_inset Vot Comp. BB '
SIN | Ch Tape q Pk qRms Location Ch. , elin. glin. " Grou;i 2.
108892 | 1 | 1| 52,5 1 F-B
10083 2 | ~2 [ 816 28-S q
10829 ) 3 | —3 | 60,2 3y '
azz | 4 | "4 | 518 _4 F-B m !
08920 | 5 | & | 5.8 5 §=§ | } §
osoaa | 6 |6 | 61.0 6V J 'g
pzs | 2177 lrol el  rmuea | %
By | 8 | A 132,01 ns S-S HCA _ .
g |- ¢ | "9 |116.0 VCA |
5 Cola / Triqger R dededk Fedodededeh

Il

H

WH 1026A
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geI-q

wns usomtoriss  [NSTRUMENTATION DATA SHEET

ZET °oR ebeyg

éeco:del No._TEAC XR-5000 DateZOAPR,'89 ___ Axis :!g_{_\ Setup_ E G & G » | JIN_40525
‘ | g, R S Remas
| A;;:;I Agf (T;:,pv: -'Eﬁﬂ_—fk%_ Location Ctg‘.lp- © mvlg glin. © awlg q' Group # 3
noagez | 1 | T} 82,5 ‘ 1E-8 ;' P=2=
2 | =2 |s1.6 25 o Jueo i _on_vack’
1104821 | 3 T 60,2 3 ¥ -
hosgzz | o | 77 Laral 4 F=B - ‘_
an e |5 s . 5 S-S on_cell g
6.4 6 |50 : 6.V . H
pzs | 2 |7 17,0 ew |  F-BHCA - E
| gawo | oa 8 luzol s S-S HCA :
ot | @ 9 1116.0 VCA ‘ e 2 g
BT Cola / Trigger § il “Wmll . H
— I
WH 1020A.




6¢1-9

Recorder No._TEAC XR-5000 _Setup_ E G & 6
—
Run#7 Run # ‘ JI
. . 5-
Accel. | Amp. | Gaivo | _insert Vot - Comp. . I
SIN - Ch, Tape - qPk qRms - -Location Ch - mvig glin. {f nowlg |- glin Group #
04892 | 1 | 1 | 82,5 1 F-B
ga043 |- 2 | 2 51.6 285" on_rack
pagpy | 3 |73 " | 50,2 v I
1108827 | 4 5 |-81.4 4 F-B ' ![
 luneze ] s 5 | 1.8 § S-5 __on_cell s
. - \ o
. . e . L. ! t
1104044 | 6 6 | 51.0 6 ¥ , ;
- m7s |7 7111701 _ew F-B HCA - [o%o) X
) - - . -
_pJ3n. | 8 | 8 |117.0) ns S-S HCA too 2
pMry {9 | 9 1116.0 VCA w0 | 2
’ N
—— . RRARARAE ke Rhd il hhihthRihikiks w
10 Cola / Triager “ i

WYLE LABORATORIES
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INSTRUMENTATION DATA SHEET

Date ZDAPR, '89
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ar1-9

WYLE LABORATORIES

AT

INSTRUMENTATION DATA SHEET

*on efeg

Recorder No._TEAC XR-5000 Date2l APR,'89 __ Axis_ TRA __ Setup EGE G JIN_40525
| “ Run # 3 Run # Remarks
A;::. g::)? %‘t q:‘:::s Location Cg?. " mvlg | elin mvlg glin. m%b\ 1
1104892 "1 1625 1 F-B ILag
1104943 2 _ lss 28§ { "$ on_rack
1104821 3 lsnz2 3.V “
noaszz | a | s ls1a 4 F-B m
1104920 s | s15 5 S-S _ [ [ an cell A
1104944 6| 510 6 Vv ) :é:
BJ75 7 _1n7.0! ew] F-BHCA ‘o) i:
BJ30 8 1ol ns ! s-sHCA Wwo g;
BM21 — 9 1116.0 YCA 00 5_5
10 Cola / Trigger sl '"mﬁﬂwmﬁ gh
—_— “ X
= |
= ] |

WH 1026A
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Test Report No. 40525-1

APPENDIX V

TEST PROCEDURE

- WYLE LABORATORIES
' Huntsville Facility
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B ‘ Test Report No..40525-1
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WYLE LABORATORIES
Huntsville Faclilty
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o Pagé No. 137
Test Report N&. 40525-1

o $43/40525-01/JK
' SCIENTING SERVICES A . TEST PROCEDURE NO. e e
ot S |
P. 0. Box 1008. Huntsviie, AL 38507 DATE: April 1, 1989
TWX ($10) 9297-0886, Phone [203) 8374411
. Revision A
' J/N 40525
) SEISMIC TEST PROCEDURE
POR
THELVE NATURALLY-AGED
CsD LCU-19 ETATIONARY BATTERIES
FOR
EGsG IDAEO, INC. :
IDAEO FALLS, IDARO 03415
APPROVED BY:__ .. APPROVED BY ' 3
' FOR: PROJECT MANAGER
APPROVED BY: APPROVED BY
FOR: QUALITY ENGINEER:
APPROVED BY: PREPARED BY
' FOR: PROJECT ENGINEER: £-3-89
- o (095)
- AREVI.SIDNS : , FORM 1054-1 Rev. 4774
v REV. NO. DATE PAGES AFFECTED 8y . APP’L. . . DESCRIPTION OF CHANGES
an |4-18-89] 7, ana 13-18 B 1'4"&,2,,%; Deleted 10% margin per EGEG'S
‘ : o ’ request.
A 4-18-8¢9 8. Changed "fixture™ to "table”.
A |4-18-89} 11 Updated figure to reflect

change in setup and added

accelerometer locations.

COPYRIGHT BY WYLE LABORATORIES. THE RIGHT TO REPRODUCE, COPY, EXHIBIT, OR OTHERWISE UTILIZE ANY OF THE MATERIAL CONTAINED HEREIN

WITHQUT THE EXPRESS PRIOR PERMISSION OF WYLE LABORATORIES IS PRONIBITED. THE ACCEPTANCE OF A PURCHASE ORDER IN CONNECTION WITH -
" THE MATERIAL CONTAINED HEREIN SHALL BE EQUIVALENT TO EXPRESS. PRIOR PERMISSIOR,

B-143



Page No. 138
Test Report No. 40525-1

Page No. 2
Teat Procedure No. 543/40525-01/3K

1.0

1.1

 PURPOSE AND SCOPR

The purpose of this test program is to provide functional and seismic
test Jdata (for 12 naturally-aged Batteries) that can be utilized to
svaluate the seismic ruggedness of aged batteries with respect to their
atructural and electrical capacity integrity. The evaluation of the
test results will be performed by EGiG Idaho, Inc. (EGEG) and is to be
presented to the U. 3. Nuclear Regulatory Commission under DOE Contract
No. DE~AC07-76ID01570, PFIN No. AS5389.

Specimen and Program Description

The actual tast specimens consist of 12 naturally-aged (to 13-1/2 years)
CzD LCU-19 Batteries, each having an electrical capacity of 1350 ampere-

. hours. Each Battery is 7-5/8" long, 14-1/8" wide, and 22-1/16™ high and

waighs 240 pounds, Tha specimens shall be tested in three groups of four
batteries each. ’

NOTE: Spac:lxien and group identificatiocn information for each battery
shall be provided by EG:G prior to testing.,

Each group of four battaries shall be mounted in the upper shelf of a CsD
No. RD-903-5 Seismic Battery Rack Assembly (which i{s capable of holding

© 12 batterlas as shown in Pigure 1) according to the instructions cutlined

in Appendix C of EG&G Specification ES-51235,

NOTE: Since only four batteries will be tastad together, the remaining
eight locations on the rack will be filled with simulated
batteries, The simulated batteries ara constructed of wood and
steal, and have the weight and dimensions of an actual battery.

The specimens shall be charged to the specified capacity prior to tasting
and shall bs electrically-lcaded (discharged at 2% of the specified 3-
hour rate) during the seismic tests, The charge equipment and monitoring
environment to perform these tasks shall be the responsibility of others
(EG&G and/or INEL). .

NOTE: All testing shall be performed at ambient laboratory temperatures

vwhich are normally within the specified 77°F + s°F,

WYLE LABORATORIES
Huntsvills Facillty

B-144
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Pege No. 139
Test Report No. 40525-1

Page No, 3
Test Procedure No. 543/40525-01/3K

1.0

1.2

1.3

- PURPOSE AND SCOPE (Continued)

Governnent—?uxnlshed Equipment

 %he

for

oh)
(2)
?)
(4)
(5)

(€)

)
€8)

following Government—turnished equipment shall be provided to Wyle
the performance of the tests:

12 ea. CsD ICU-19 Batteries

10 ea. Simulated Batteries (includea 2 spa:es)

1 ea, C&D No. RD~903-5 Battery Rack

Charging and discharging equipment

Straps, bolts, cables, etc. for interconnecting the batteries and
for connecting the charging and discharging equipment

Data acquisition equipment for -monitoring battery current,
voltages, and temperatures

- Equipment needed to perform alternate surveillance methods

Sling and spreader bar for handling batteries.

EGsG shall be zesponsible'for the eoordination with INEL for the timely
arrival of the required equipment and (if required) personnel.

Test Sequenée ) : ?. tii
The following describes the gequence of events for testing:
Activity w4 - Paragraph Performer
1. ferform aare Table Test to ehape the ~2;4.3 Wyle
TRS (for each test level and test '
axis) to envelope the respective RRS
&s closely as possible, ,
2, Perform Specimen Receipt Inspection 2.1 Wyle/EGECE
and identify specimens, o
3. 1Install Battery Rack Assembly and 2.3 : Wyle
Dummy Batteries on the test table,
4. Verify capacity of first group of = = 2.2 EG&E/INEL
four Batteries and recharge (if
. required). = ‘
S. ve:lfy elternate surveillance Reasure- 2.2 EGSE/INEL
ments on first group of Batteries. . )
€. Install first group of Batteriles in 1.5 ¢ 2.3 Wyle

Rack Assembly and electrically
connect them together.

" WYLE LABORATORIES
Huntaville Facility

B-145



Page No. 140
Test Report No. 40525-1

Page No., 4
Test Procedure No. 543/40525-01/JK

1.0

1.3

1.4

PURPOSE AND SOOPE (Continued)

Test Sequenca (Continued)

7'
8.
9.

10.

1L.
12.

13.

14.

15.

15.

Activity Paragraph Performar

Connect discharger and battery per-~ 2.5.4 EG&G/INEL
formance data acquisition system to .
the Batteries.

Connact seismic-related data 2.5.182.5.2 Wyle
acquisition systen. :
Perform resonance search test 2.4.2 Wyle/INEL
Perform first level of seismic test Wyla/INEL
{test level as shown in Figures

3 and-4).

Remove the first group of Batteries, 1.5 & 2.3 Wyle
Determine alectrical capacity, re- 2.6 | EG&G/Wyle

chargs and perform altarnate
survaillance measurements.

Repeat Steps 4 through 12 (except as listed Wyle
Step 9 vhich is only required for above EG5G/INEL
the firat group -of Batterias) for

the second group of Batteries

(test laevels as shown in Figures

5 and §).
Repeat Steps 4 through 12 (axcept as listed Wyle
Stap 9) for the third group of above EGsG/INEL

Batteries (test levels as shown
in Pigures 7 and 8).

Remove Battery Rack and Dummy 1.5 & 2.3 Wyle
Batteries from the test table., :
Test teardown and packing of 1.5 Wyle

Batteries and test equipment.

Acceptance Criteria

Por a minimum, the acceptance criteria shall be as follows:

The specimens shall retain their structural and electrical
integrity during and aftaer the seismic tests,

The specimens shall be capabls of performing their dJdesigned
function during and after the seismic test., (INEL shall monitor tha
specimens as required and EG:G and INEL shall verify that the
specimens cpearated per their design requirements.)

Leakage due to cracked cells shall not be acceptable.

WYLE LABOGRATORIES
Huntsviite Facllity

B-146
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. Page No. 141
Test Report No. 40525-1

Page No. 5
Test Procedure No. 543/40525-01/0K

1.0

1.5

1.6
1.6.1

1.6.2

1.6.3

1.6.4
1.6.5
1.6.6

1.6.7

PERFORMANCE AND SCOPE (Continued)

Handling and Safety Precautions

Yy Batteries shall be handled according to manﬁfactu:er recommenda-

tions and shall be lifted utilizing Government-furnished sling and
spreader bar.

™ Because the Batteries contain sulfuric acid, safety precautions
shall be taken to avold endangering personnel, equipment, and
facilities. Provisions shall be included to catch and contain zcid
that may be ejected from the Batteries during shaking as a result of
spillage or cracking of the battery cases.

] Adequate ventilation shall be provided during the performance of
the functional tests,

Applicable Documents

EGsG Engineering Specification ES-51235 entitled "Seismic Testing of
Naturally-Aged Staticonary Batteries" dated January 20, 1989,

American National Standards Institute (ANSI)/American Society of
Mechanical Engineers (ASME) epecification NQOA-1 - entitled "Quality
Assutance Program Requirements for chlear Facilities."

American Society of Mechanical Engineers (ASME) Boiler and Pressure
vessel COGe Section III,

t
Institute of Electrical and Electtonics Engineers (IEEE) Specification
IEEE-344 entitled “IEEE Recommended Practices for Seismic Qualification
of Class 1lE Equipment for Nuclear Power Gennrating Stations."

IEEE-450 Specification entitled “IEEE Recommended Practice for.
Maintenance, Testing, and Replacement of Large Lead Storage Batteries
for Generating Stations and Substations.*

IEEE~-484 Specification entitled "IEEE = Recommended Practice for
Installation Design and Installation of Large Lead Storage Batteries for
Generating Stations and Substations.”

IEEE Standard for Qualification of Class 1E Storage Batteries for
Ruclear Power Generating Stations.”

WYLE LABORATORIES
Huntsville Facility
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Page No. §
Test Procedure No. 543/40525-01/JK

2.0
2.1

2.2

2.3

2.4

2.4.1

TESTING
Receipt Inspection

Upon receipt of the Batteries and test equipment at the test facility,
the specimens shall be inspected for cobvious physical Jdefeacts, Addi-
tionally, the applicable model, part, and/or serial numbers shall be
checked and recorded. Photographs shall be taken of any noted defects.

Pre-Seisnie Functional Check

prior to performing the seismic test, all specimens shall be subjected to

o Electrical capacity checks by discharging at the three-hour rate.
) Recharging to the required charge level. '
® Alternate surveillance measurements.

These tests will be perforrmed by INEL/EGSG.
Specimen Mounting

The Saismic Battery Rack Assembly (pre-mounted on two. 4" x 46" x
3/4"-thick carbon steel bars using 1/2-13 Grade 5 bolts) shall be placed
on the seismig test tabla such that its principal orthogonal axes are
colinear with the test table's axes of excitation., The test fixture
shall be welded to the test table, Subseguently, the eight Dummy
Batteries shall be installed. Bach group of four aged Batteries
(specimens) shall be loaded in the rack located at one end of the top
step of the rack assembly (as shown in Pigura 1l). Installation and tie-
down of the Batteries in the rack shall be according to the instructions
outlined in Appendix C of EG:iG Specification ES-51235.

Seismic Testing

Bach group of four specimens shall be subjected to seismic tests
according to the procedures outlined below.

Excitation

) For 8ingle-aAxis Testing (Group 1 only)

For the performance of the rasonance search tests (Paragraph
2.4.2), each orthogonal specimen axis shall be excited separately
and independently.

° Por Triaxial Testing

For the triaxial random multifrequency tests (Paragraph 2.4.3),
both horizontal axes and the vertical axis shall bas excited
separately, but simultaneously. The input acceleration levels for
aach of the thraa axes shall be phase incoherent during the multi-
frequency tests,

WYLE LABORATORIES
Huntsviile Facility
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Page No. 143
Test Report No. 40525-1

Page No. 7
Test Procedure No. 543/40525-01/JK

Revision A

2.0
2.4
2.4.2

2.4.3

TESTING (Continued)

FSeismic Testing (Continued)

Besonance Search (Group l-enly)

" A ‘low-level (0.2g horizontally and vertically) single-axis sine. sweep

shall be performed in each of the three orthogonal axes to determine
resonant freguencies. The sine gweep shall be performed from 1 to 35 Hz
at a sweep rate of one octave per minute. Transmissibility plots of the
in-line gpecimen-mounted accele:omete:s ghall be included in the test
report.

Randon nnltifrequeugy Tests (All Groups)

The specimens ghall be subjected to 30-second duration triaxial multi-

frequency random motion which ghall be amplitude-controlled in one~third

octave bandwidths spaced one-third octave epart over the frequency range

of 1 to 100 Hz. Three simultaneous, but independent, random signals
ghall be used as the excitation to produce phase-incoherent motions in

the vertical and two horizontal axes, The amplitude of each one-third

octave bandwidth ghall be independently adjusted in each of the three

axes until the Test Response Spectra (TRS) envelop the Required Response

Spectra (RRS) within the limitations of the test machine, as sghown in

Figure 2. The Zero Period Acceleration (ZPA), as well as other areas of

the RRS, may be exceeded in order to meet the peaks of the curves. The

resulting table motion ghall be analyzed by a response spectrum analyzer
at 2% damping and plotted at one-sixth octave intervals over the
freguency range of 1 to 200 Ez.

One‘fullélevel test shall be performed for eaéh group of Batteries:

Group Applicable RRS Curves
1 Figures 3 and 4
2 . Figures 5 and 6
3 Figures 7 and 8

The RRS shown in Figures 3 thtough 8 were derived from the information
ghown in Figures 9 and 10.

‘Additional test runs at any désired level {within the limitations of the

test machine) can be pe:fo:med 1€ the test results merit an increase in:
the test level.

_ WYLE LABORATORIES
Huntsville Facility
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- Page’No.. 144
'rest Répoft No. 40525-1

!

. Page No. 8
“TPest Procedure No. 543/40525-01/JK
: ,‘ vt N Revision A
2,0 TESTING (Continued)
2.3 Seismic Testing (Continued)

'2.4.3  Random Multifrequency Tests (All Groups) (Continued)

Lhe "no'm 1: I Bafs table’ tests ta shapa the TRS (for each test level and test
I iaz to ‘4rivelope ‘the respéctive RRS as closely as possible
o A w 11°Ba :pettozmed ptior ‘to pezf.om;lng any r.esting on the
T a »*specimens -

Bt .,

NOTE 2: INI’.‘L wu d:lschatgo the Batteties at 2% of the 3-hour rate,
with current and battery voltages being monitored during the
seismic tests to detect the existence of catastrophic failure.
This rate is consistent with the rate recommended by IEEE STD

_,535-1986 Paragraph 8.3.1.1(2). Any battery that fails to

B com:i.nuously provide at least 1.75 volts will be considered to
‘have "failed and will not ba subjected to further testing.

Do w Azzet each level of seismic testing, the capacity of the

e T Batter,ies wiu be determined by discharging at the 3-hour

o tate. ‘Aftér the 3-hour discharge, the Batteries will be
recharged.

2.5 Instrumentation

'm insttumentation, measuring. and test equipment to be used 1n the
' pertemanco of this test program shall be calibrated in accordance with
Wyle Laboratories® Quality Assurance . Program which complies with the
requirements of Military Specification MIL-STD-45662A. Standards used
in perférming all calibrations are traceabla to the National Institute
", of. Standards and Technology (NIST) by report number and date. When no
national standards exist, the standards are traceable to international
standards or the basis for calibration is otherwise documented.

‘NO'I.'Ei " INEL ‘shiii ba responsible for the calibration documentation of
the Govarnment-provided equipment,

2.5.1 Excitation Control

.Control qccela:ometezs shall be mounted on the test tablas at a location
riear the bases of the speCimens. TRS plots (filtered at 100 Hz) of the
_accclqtcmeters to: each test at 2% damping, shall be included in the test
report.

WYLEB LABORATORIES
Huntsville Facility
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z.o
2.5

2.5.2

2.5.3

2.5.4

2.6

3.0

TESTING (Continued)

Instrusentation (Continued)

- A total of. six ‘specinien-mounte'd uniaxiel piezoelectric accelerometers

shall be located on -the gpecimens under test. The placement of the
accelerometers shall be per the EG:G Technical ‘Representative or the
Wyle Project Engineer., Magnetie tape recorders shall provide a record of
each accelerometer's response. TRS plots (filtered at 100 Ez) of the

. specimen's response . accelerometers at 2% damping for each full-level

test shall be provided in the test report. _

. Plectrical Povering V ,

Elect:ical power of 480 VAC, 60 HZ, 3-phase at 15 amperes per phase, for
the charging and discharging equi.pment shall be- provided,

additionally, etandard electtical pmez of 120 VAC or 120 vDC at 20
amperes or less, single-phase, for the opeutlon of the data ncquuition
equipment shall alsc be provided, \

Blectrical Monitoring

The Battery performance data (1nc1u&1ug vol.ugeé. currents, temperea-
tures, and specific gravities) will be acquired arid stored by INEL for
all performed tuncti.onal and geisnmic testa. .

‘Post-Seismic Inspection and Operatioml Vui.ucation , ', :

The specimen ghall be 1nspectea for any obvious cttuctu:u dmge. loose
parts, etc.

Additicnally, the operational check descr!.bed in Paragtaph 2 2 shall be
repeated. , .

IN-PROCESS INSPECTION

'The records shall be cbecl':ed"t'o:‘-&ixiniy of performance after each test.

The sgpecimens sghall be examlned for poastble damage following all
vioclent tests,

All important vibration ef!ects shan bc logged,

Photographs shall be taken of any noticeable physical damage that may
occur,

- \WYLE LABORATORIES
Huntsville Fecility
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REPORT3

Two spiral-bound (and one unbound) copies of a certification-type test
report shall be issued subsequent to completion of testing. This report
shall be signed by a Registered Professional Engineer and shall
summarize the maximum g levels, details and recommendations concerning
deficiencias and repairs, and contain photographs of tast setups, accel-
arometers, failures, ete. The repcort shall also contain a list of test
equipment uged, calibrations, and Instrumentation Log Sheets.

QUALITY ASSURANCE .

All work performed on this test program shall be completed in accordance
with Wyle Laboratories' Quality Assurance Program which complies with
the applicable requirements of Military Specification MIL-STD-35662A, 10
CFR 50 Appendix B, ANSI N 45.2, and Regulatory Guides.

WYLE LABORATORIES
Huntsville Facitity
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E:gégsnsx.iﬁzl Acceleration (g}

Frequency (H2) Acceleration (q)
'~ 1.00 0.750
3.0 2.671
--13.39 2.671
32.483 0.571
0.545
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