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The purpose of this paper is to discuss the Electrical Engineering Branch’s (EEEB’s) concerns
with Technical Specification Task Force (TSTF)-360, Revision 1, “DC Electrical Rewrite.”  On
December 18, 2000, TSTF-360 was approved by the NRC Staff for incorporation into the
Standard Technical Specifications (STS) (documented in a letter sent from W. D. Beckner,
NRC to A.R. Pietrangelo, NEI).  TSTF-360 provided guidance for the rewrite of the current
Technical Specification (TS) requirements for Class 1E DC power supply systems as
referenced in the STS NUREGs (NUREG-1430 through NUREG-1434).   

The following changes are prescribed by TSTF-360 and the STSs:

• Provide a specific ACTION & increased COMPLETION TIME (CT) for an
inoperable battery charger.

• Relocate preventive maintenance Surveillance Requirements (SRs) to licensee-
controlled programs.

• Add an alternate testing criteria for the battery chargers.

• Replace battery specific gravity monitoring with float current monitoring.

• Create a licensee controlled program based on the Institute of Electrical and
Electronics Engineers (IEEE) Standard 450-1995 or 2002, “IEEE Recommended
Practice for Maintenance, Testing, and Replacement of Vented Lead-Acid
Batteries for Stationary Applications,” and/or the improved Technical
Specification Bases to reference actions for cell voltage and electrolyte level.

• Provide specific ACTIONS and increased CTs for out-of-limits conditions for
battery cell voltage, electrolyte level, and electrolyte temperature.

• Provide an enhanced Technical Specification Bases for each of the revised or
newly proposed specifications.

• Eliminate the ‘once-per-60-month’ restriction on replacing the battery service test
with the battery modified performance discharge test. 

The following discussion will document EEEB’s concerns and also propose possible solutions to
resolve these concerns.  It is important to note that most of EEEB’s concerns are bounded by
the fact that a safety evaluation was never drafted for TSTF-360 and that licensees are treating
TSTF-360 as a Consolidated Line Item Improvement Process (CLIIP) and are failing to provide 
an adequate technical justification for each proposed change as it relates to the respective
nuclear power plant.  The latter of the previously mentioned two items has resulted in several
staff requests for additional information.



Applicable Regulations

The following NRC requirements are applicable to the staff’s concerns with TSTF-360:

Title 10 of the Code of Federal Regulations (10 CFR) Appendix A of Part 50, General Design
Criterion (GDC) 17, “Electric power systems,” requires that nuclear power plants have an onsite
electric power system and an offsite electric power system to permit the functioning of
structures, systems and components important to safety.  The safety function of each system
(assuming the other system is not functioning) is to provide sufficient capacity and capability to
assure that (1) fuel design limits and design conditions of the reactor coolant boundary are not
exceeded as a result of anticipated operational occurrences and (2) the core is cooled and
containment integrity and other vital functions are maintained in the event of postulated
accidents.  The onsite electric power supplies (including the batteries) and the onsite electric
distribution system is required to have sufficient independence, redundancy, and testability to
perform their safety functions assuming a single failure.  Electric power from the transmission
network to the onsite electric distribution system is required to be supplied by two physically
independent circuits designed and located so as to minimize the likelihood of their simultaneous
failure.  Each of these circuits is required to be designed to be available in sufficient time
following a loss of all onsite ac power supplies and the other offsite electric power circuit, to
assure that fuel design limits and design conditions of the reactor coolant pressure boundary
are not exceeded.  One of these circuits is required to be available within a few seconds
following an accident to assure that core cooling, containment integrity, and other vital safety
functions are maintained.  In addition, GDC 17 requires provisions to minimize the probability of
losing electric power from the remaining electric power supplies as the result of loss of power
from the unit, the offsite transmission network, or the onsite power supplies.

10 CFR 50.36, “Technical Specifications,” requires the TSs for a plant to be derived from the
analyses and evaluation included in the plant Updated Final Safety Analysis Report (UFSAR). 
A TS limiting condition for operation (LCO) is required to be established for each structure,
system, or component (SSC) that is part of the primary success path and which functions or
actuates to mitigate a design basis accident or transient that either assumes the failure of or
presents a challenge to the integrity of a fission product barrier.  LCOs specify minimum
requirements on SSCs for ensuring the safe operation of the plant.
 
Included with the LCOs, there are SRs which provide requirements to assure that the
necessary quality of systems and components are maintained and the LCOs are being met. 
When an LCO is not met, due to one condition such as either a component failure or
maintenance outage, action is required within a specified time by the TS to fix the condition by
restoring required equipment to an operable condition.  This specified time to take action is
referred to as the CT.  The specific Condition for why the LCO is not being met, the REQUIRED
ACTIONS for that Condition, and the CTs for these REQUIRED ACTIONS are specified in the
TSs.

The CT is a temporary relaxation of operability for required equipment, which provides a limited
time to fix components and return required equipment to an operable status.  Establishing this
limited time to fix components is based, primarily, on the reliability of remaining operable
required equipment during the short time period of a CT being judged commensurate with
reliability when all required equipment is operable.



Staff Concern 1: Provide a specific ACTION & increased CT for an inoperable battery
charger

The proposed change addresses the condition where one [or two] battery charger[s on one
train/division] is inoperable.  Incorporating TSTF-360 into the plant TSs would allow increasing
the battery charger allowed outage time (AOT) from 2 hours to 7 days provided that the
licensee is able to restore battery terminal voltage to greater than or equal to the minimum
established float voltage within 2 hours, and are able to verify that battery float current is less
than or equal to 2 amps once per 12 hours.

The proposed TS Bases for this REQUIRED ACTION states the following:

REQUIRED ACTION A.3 limits the restoration time for the inoperable
battery charger to 7 days.  This action is applicable if an alternate means
of restoring battery terminal voltage to greater than or equal to the
minimum established float voltage has been used (e.g., balance of plant
non-Class 1E battery charger).  The 7-day CT reflects a reasonable time
to effect restoration of the qualified battery charger to OPERABLE status.

Per GDC 17, the battery charger has two primary safety functions (1) maintaining the Class 1E
battery in a fully charged condition while supplying required dc loads (charged sufficiently to
supply the loads required during the Design Basis Accident) and (2) supply the post-accident
loads while recharging the battery.  The battery charger is needed to stabilize the discharge of
the battery at the completion of the duty cycle.  The stabilization ensures that sufficient reserves
are present in the battery to provide for loads in excess of the battery charger capability.  In
addition to the above, the battery charger provides dc control power (and thus ac power) on
recovery of ac power following events such as loss of offsite power or station blackout.

EEEB’s concern is that without an 'alternate means' that is capable of automatically being
supplied by a Class 1E or non-Class 1E back-up power source, the affected train would not be
capable of providing dc control power (and thus ac power) on recovery of ac power following
events such as loss of offsite power or station blackout or recharging the battery.  It is also
possible that the battery capacity could discharge to the point where the battery may not have
sufficient remaining capacity to operate the supply breakers to restore power to the safety
related buses.

Therefore, EEEB needs to be assured that the 'alternate means' that is being credited for
restoring battery terminal voltage to greater than or equal to the minimum established float
voltage is supported by a back-up Class 1E or non-Class 1E power source that is independent
of the offsite power supply (e.g., Class 1E or non-Class 1E diesel generator).  Furthermore, and 

if not already described in the plant’s UFSAR, the licensee will need to update the UFSAR to
address the aforementioned 'alternate means' since it would be credited for the 7-day AOT
allowance.

Staff Concern 2: Replace battery specific gravity monitoring with float current
monitoring

The proposed change removes specific gravity monitoring from the TSs and replaces it with
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float current monitoring.

Specific gravity monitoring is used to measure the strength of a battery cell’s electrolyte, which
is an important component of the battery’s chemical reaction, and provides an indication of the
battery’s state-of-charge.  Whereas, float current monitoring may or may not provide an
accurate indiction of the battery’s state-of-charge.  Float current monitoring is based on the
following equation that is dependent on several variables.  

I = (E-Eb)/R

Where:

I = Charging Current
E = Charging Voltage
Eb = Internal Cell Voltage
R = Cell Resistance

EEEB has a concern with two variables of this equation:  the charging voltage (E) and cell
resistance (R).  A change in either of these variables may provide a false indication of the
battery’s state-of-charge.  A proper understanding of the battery’s state-of-charge is necessary
to provide assurance that the battery has sufficient capacity to perform its design function as
prescribed by GDC 17.  It is important to note that the battery manufacturer manuals provide
recommendations for taking specific gravity readings and do not mention the use of float
current monitoring to determine the battery’s state-of-charge.

EEEB believes that float current monitoring provides an adequate initial indication of a battery’s
state-of-charge following a discharge of provided that the applied charging voltage is controlled. 
However, based on the uncertainty identified above concerning cell resistance, EEEB does not
believe that float current monitoring provides adequate assurance of the state-of-charge during
steady-state operations.  Therefore, EEEB recommends using a combination of both methods
in the TSs.  Float current monitoring could be allowed to provide reasonable assurance that the
battery is fully charged following a discharge and specific gravity monitoring could be allowed
for verifying the state-of-charge of the battery during routine surveillances.

Staff Concern 3: Provide specific ACTIONS and increased CTs for out-of-limits
conditions for battery cell voltage, electrolyte level, and electrolyte
temperature

1. The proposed change reduces the voltage limit for the pilot cell from 2.13 volts to 2.07
volts.
The battery pilot cell is typically selected to represent the average battery cell in the
battery.  If the battery pilot cell represents the average, a battery pilot cell voltage
measurement of 2.07 volts or slightly greater would provide an indication that several
battery cells of the battery have a voltage less than 2.07 volts.  With several battery cells
below 2.07 volts there is not sufficient assurance that the battery can still perform its
safety function as prescribed by GDC 17.  This could potentially result in a loss of
function and from a TS point of view could potentially render the battery inoperable
without requiring entry into a LCO.  It should be noted that neither the battery
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manufacturers nor the licensees perform any discharge test from a minimum average
cell voltage of 2.13 let alone a minimum average cell voltage of 2.07.  Discharge tests,
which are performed to demonstrate a battery’s capability or available capacity, are
typically initiated with an average battery cell voltage in the range of 2.20 to 2.25 volts.

A voltage limit of 2.13 volts was originally provided for most plant TSs.  The 2.13 volt
limit is consistent with battery manufacturer manuals and IEEE Standard 450 (As a
corrective action, the battery manufacturers and IEEE Standard 450 recommend
providing an equalize charge to the affected battery or battery cell in an effort to raise
the voltage above 2.13 volts).  The 2.13 volt limit provided a measure of margin
necessary for relying on a measurement uncertainty obtained from only the pilot cell. 
Thus, providing reasonable assurance that the battery had sufficient capacity to perform
its intended safety function.  The 2.07 volt limit for the pilot cell does not provide a
measure of margin necessary for relying on a measurement uncertainty obtained from
only the pilot cell.  Therefore, a measurement of 2.07 volts at the pilot cell does not
provide reasonable assurance that the battery has sufficient capacity to perform its
intended safety function.

Based on the above, EEEB proposes revising TSTF-360 and the STS to require
licensees to establish an acceptance criteria for the pilot cell based on the standard
deviation of individual cell voltages to provide sufficient confidence that no battery cell is
below [2.07] volts (the brackets around 2.07 designate that the acceptance criteria is
plant specific and should be based on the battery manufacturer’s cell type and cell size
that are installed in safety related applications).  The acceptance criteria for the pilot cell
(2.13 volts or any other selected voltage) should be related to the average cell voltage
during a performance discharge test such that the ampere-hours removed from the
battery between the acceptance criteria and the minimum voltage would be sufficient for
the battery to perform its designed safety function.  Otherwise, the current SR should
remain unchanged to ensure that the licensee verifies that the battery pilot cell is above
2.13 volts.  

2. The proposed change replaces electrolyte temperature measurement of representative
battery cells with electrolyte temperature measurement of each battery pilot cell.

A low electrolyte temperature limits the current and power available.  The 12-hour CT
proposed by TSTF-360 only addresses the pilot cell.  No ACTION has been stated for
the remaining cells.  As mentioned previously, the battery pilot cell is typically selected
to represent the average battery cell in the battery.  If the battery pilot cell represents the
average, a battery pilot cell with a temperature at or slightly greater than the minimum
established design limit would provide an indication that several battery cells of the
battery are below the minimum established design limit.  With several battery cells with
an electrolyte temperature below the minimum design limit there is not sufficient
assurance that the battery can still perform its safety function as prescribed by GDC 17. 
This could potentially result in a loss of function and from a TS point of view could
potentially render the battery inoperable without requiring entry into a LCO. 

TSTF-360 provides the following justification for only measuring the battery pilot cell’s
electrolyte temperature:
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Since the battery is sized with margin, while battery capacity is
degraded, sufficient capacity exists to perform the intended
function.  Therefore, the affected battery is not required to be
considered inoperable solely as a result of the pilot cell
temperature not being met, and the 12-hour CT provides a
reasonable time to restore the electrolyte temperature within
established limits.

While EEEB understands that batteries are typically designed with margin, this
statement is too broad.  In order to justify this change, EEEB would need a description
of the extent of each nuclear power plant’s battery capacity margin available at the end
of the batteries’ expected life [IEEE Standard 485, “IEEE Recommended Practice for
Sizing Lead-Acid Batteries for Stationary Applications,” sizing criteria (design, aging,
and temperature margins)] and an explanation as to why (or how it is known) that this
capacity margin is sufficient to allow the battery to perform its intended safety function. 
Furthermore, the results of an evaluation/analysis demonstrating that the batteries have
been sized with sufficient capacity (including margin for a degraded battery) should be
incorporated into the respective plant’s UFSAR.  EEEB also recommends establishing a
minimum acceptable margin and require licensees to ensure that the minimum allowed
margin would be maintained.  Otherwise, the SR should remain to ensure that the
licensee measures a representative sample of battery cells to verify that no battery cells
are below minimum established design limit. 

Staff Concern 4: Create a licensee controlled program based on the Institute of
Electrical and Electronics Engineers (IEEE) Standard 450-1995 or
2002, “IEEE Recommended Practice for Maintenance, Testing, and
Replacement of Vented Lead-Acid Batteries for Stationary
Applications,” and/or the improved Technical Specification Bases to
reference actions for cell voltage and electrolyte level.

Consistency with IEEE Standard 450-1995 was used throughout TSTF-360 as the justification
for approval, however, the NRC has yet to endorse this version of IEEE Standard 450.  The
most recent version of IEEE Standard 450 that has been endorsed by the NRC through
Regulatory Guides (RGs) is IEEE Standard 450-1975.  The RGs of mention are:  RG 1.128,
“Installation, Design, and Installation of Large Lead Storage Batteries for Nuclear Power
Plants,” and RG 1.129, “Maintenance, Testing, and Replacement of Large Lead Storage
Batteries for Nuclear Power Plants.” 

For the most part, EEEB agrees with the majority of the recommended practices in the latest
revisions to IEEE Standard 450.  However, and similar to Staff Concern 2 above, EEEB
disagrees with the IEEE Standard 450 recommendation allowing the use of float current
monitoring in lieu of measuring specific gravity.

EEEB is currently working with the Office of Nuclear Regulatory Research and the new reactor
licensing branch to initiate a revision to the aforementioned RGs to address the latest revision
of IEEE Standard 450.  In the meantime, IEEE Standard 450-1995 (or IEEE Standard 450-
2002) should not be used as an acceptable bases for approval until it has been fully or partially
endorsed by a revised RG.  
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EEEB therefore believes that all references to the consistency with IEEE Standard 450-1995
should be removed from TSTF-360 and replaced by a reference to the plant procedure for the
battery monitoring and maintenance program.  As mentioned below, the licensee will have to
submit this procedure to assure the staff that the relocated parameters have been incorporated
into the battery monitoring and maintenance program.

Staff Concern 5: Miscellaneous

Licensees need to address following list of items: 

2. Licensees seeking to create a new battery monitoring and maintenance program need
to provide assurance that the relocated battery parameter values will continue to be
controlled at their current level and actions will be implemented in accordance with the
licensee’s corrective action program.  Furthermore, the licensee will have to submit a
copy of this program to assure the staff that the relocated parameters have been
incorporated into the battery monitoring and maintenance program.

3. The values represented by the phrases ‘minimum established design limits’ and
‘minimum established float voltage’ must be consistent with the battery manufacturer
recommendations.

4. The minimum established float voltage needs to be identified in the TS Bases.

5. Licensees that propose adding the following alternate acceptance criteria to the plant
TSs for the battery chargers need to ensure that the time to return the battery to the fully
charged state accurately reflects the battery charger design capacity as it is detailed in
the plant’s UFSAR: 

Verify each battery charger can recharge the battery to the fully charged
state within [24] hours while supplying the largest combined demands of
the various continuous steady state loads, after a battery discharge to the
bounding design basis event discharge state.  

5. Each change that is requested by the licensee, including those changes identified in
TSTF-360, needs to be supported by site specific data.  

Resolving the above staff concerns will increase the efficiency of future staff reviews of license
amendment requests while ensuring that nuclear power plant safety is maintained.


