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TSTF Revision 1 Revision Status: Closed

At a public meeting between the NRC and the TSTF on October 8, 2008, the TSTF agreed to make the 
following changes to TSTF-500:

#1)   Some of the information relocated from the Technical Specifications to the licensee-controlled Battery 
Maintenance and Monitoring Program is listed as required content in the Technical Specification Chapter 5 
program description and some information is stated as licensee commitments.  The NRC requested that two 
of the commitments be deleted and the requirement be placed in the Technical Specification Chapter 5 
program.  Two new paragraphs are added to the Program:

 "d.  Limits on average electrolyte temperature, battery connection resistance, and battery terminal voltage; and

 e.  A requirement to obtain specific gravity readings of all cells at each discharge test, consistent with 
manufacturer recommendations."

Two commitments are deleted from the justification and the model application:

"2.  [LICENSEE] commits to relocate the limits on cell voltage and electrolyte level to a licensee-controlled 
program, required and described in TS Section 5.5, "Programs and Manuals," and titled the "Battery 
Monitoring and Maintenance Program." [LICENSEE] commits to control changes to the values under 10 
CFR 50.59. The licensee-controlled program will include a requirement to implement actions if the battery 
parameter values are not met. 

3.  [LICENSEE] commits that the licensee-controlled program, required and described in TS Section 5.5, 
"Programs and Manuals," and titled the "Battery Monitoring and Maintenance Program," will require 
obtaining specific gravity readings of all cells at each discharge test, consistent with manufacturer 
recommendations."

 #2)  A verification in the justification and model application states: "4.[LICENSEE] verifies that there is an 
appropriate basis for the relocated cell connection resistance limit ([150] μOhm or a revised monitoring 
value) which are relocated to the Battery Monitoring and Maintenance Program.  [Provide a brief description 
of the basis for the cell connection resistance limit."]  The NRC was concerned that this is insufficient 
guidance on the requested desription.  The following is added to the end of the sentence:  "based on the 
vendor specification of inter-cell resistance, voltage drop at the connection, or overall battery resistance."

#3)  The NRC noted that there are no Standards or Regulatory Guides which state how frequently a pilot cell 
must be selected or verified as being the lowest voltage cell and requested that licensees commit to verifying 
the pilot cell selection when the cell voltages are measured under SR 3.6.8.5.  A new commitment is added to 
the justification and model application to require the verification.

On March 11, 2008, the TSTF provided a draft model application for the Consolidated Line Item 
Improvement Process (CLIIP) Federal Register publication of TSTF-500.  The proposed model application is 
revised to reflect the changes described above and attached as Attachment C to Revision 1 of the Traveler.
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Revision Proposed by: NRC
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1.0  Description 

This Traveler updates and replaces TSTF-360-A, Revision 1, "DC Electrical Rewrite."  
The update reflects the current NRC position on the proposed changes and approval of 
recent plant-specific amendments to adopt TSTF-360.  This update also provides 
sufficient information for the NRC to write a model Safety Evaluation and to offer 
adoption of these changes under the Consolidated Line Item Improvement Process 
(CLIIP).  To facilitate the NRC's publication of TSTF-500 under the CLIIP, a draft model 
application is included as Attachment C. 

The proposed changes request new actions for an inoperable battery charger and alternate 
battery charger testing criteria for Limiting Condition for Operation (LCO) 3.8.4, "DC 
Sources - Operating," and LCO 3.8.5, "DC Sources - Shutdown."  The proposed changes 
also include the relocation of a number of Surveillance Requirements (SRs) in TS 3.8.4 
that perform preventive maintenance on the safety related batteries to a licensee-
controlled program . It is proposed that LCO 3.8.6, "Battery Parameters," be modified by 
relocating Table 3.8.6-1, "Battery Cell Parameter Requirements," to a licensee-controlled 
program, and that specific actions with associated Completion Times for out-of-limits 
conditions for battery cell voltage, electrolyte level, and electrolyte temperature be added 
to TS 3.8.6.  In addition, specific SRs are being proposed for verification of these 
parameters. 

A new program is being proposed for Section 5.5 of the Administrative Controls for the 
maintenance and monitoring of station batteries.  The items proposed to be relocated will 
be contained within this new program, titled the "Battery Monitoring and Maintenance 
Program." 

The proposed Traveler provides new Actions for an inoperable battery charger and 
alternate battery charger testing criteria.  The longer Completion Time for an inoperable 
battery charger will allow additional time for maintenance and testing.  In addition, a 
number of Surveillance Requirements are relocated to licensee control.  Monitoring of 
battery cell parameter requirements and performance of battery maintenance activities are 
relocated to a licensee-controlled program.  The Technical Specification requirements are 
revised from requirements on battery cells to requirements on the battery.  This focuses 
the requirements on the assumed safety function of the battery. 

2.0  Proposed Change 

The proposed change revises the following Specifications: 

Specification 3.8.4, "DC Sources Operating," to add Conditions for inoperable battery 
chargers and inoperable batteries.  Specification 3.8.4 is also revised to relocate the 
Surveillances on battery corrosion, connection resistance, visual inspection, terminal 
connection, and discharge tests to an administrative program or to other specifications. 
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Specification 3.8.5, "DC Sources - Shutdown," to add Conditions for inoperable battery 
chargers and inoperable batteries.  The list of TS 3.8.4 Surveillances that must be met is 
also revised to be consistent with the changes to TS 3.8.4. 

Specification 3.8.6, "Battery Cell Parameters," is renamed "Battery Parameters."  
Table 3.8.6-1 is deleted and the existing Conditions and Surveillances are replaced. 

A new Administrative Controls program, titled "Battery Monitoring and Maintenance 
Program," is added to Section 5.5, "Programs and Manuals." 

3.0  Background 

TSTF-360, "DC Electrical Rewrite," was approved by the NRC in December 2000 and 
incorporated in Revision 1 of the ISTS NUREGs.  It was adopted by some plants as part 
of ITS conversion and under some separate license amendments, however success with 
adoption of TSTF-360 has been difficult because the NRC Electrical Branch did not 
agree with some of the provisions.  At the TSTF's request, NRC provided a letter 
describing their concerns with TSTF-360 on April 11, 2006.  The TSTF formed a 
Working Group including the sites that currently had TSTF-360 based LARs under 
review by the NRC and with industry experts.  The Working Group developed responses 
and was able to address the NRC's concerns.   

At the recommendation of the NRC, the TSTF utilized the NRC's December 19, 2006 
approval of a LaSalle amendment request to adopt TSTF-360 (Accession number 
ML063200215) as the basis for developing this Traveler. 

TSTF-360-A was incorporated into Revision 2 of the ISTS NUREGs.  Attachment A 
shows the changes to the current version of the ISTS NUREGS (Revision 3.1) to 
incorporate the differences between TSTF-360-A and TSTF-500.  Attachment B shows 
the changes to Revision 1 of the ISTS NUREGs to incorporate TSTF-500.  For plants that 
have not adopted TSTF-360-A, the changes in Attachment B should be used as a model 
for the plant-specific TS changes. 

4.0  Technical Analysis 

The standard Technical Specifications for pressurized water reactors (NUREG-1430, --
1431, and -1432) uses the term "train" to refer to the independent and redundant 
subsystems that make up the DC electrical power system.  The boiling water reactor 
standard Technical Specifications (NUREG-1433 and NUREG-1434) use the term 
"division."  For the purpose of this Traveler, the term "subsystem" is used but the 
discussion is equally applicable to trains or divisions. 

4.1 DC Electrical Power System Design 

The station DC electrical power system provides the AC emergency power system with 
control power.  It also provides both motive and control power to selected safety related 
equipment and preferred AC vital bus power (via inverters).  As required by 10 CFR 50, 
Appendix A, GDC 17, the DC electrical power system is designed to have sufficient 
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independence, redundancy, and testability to perform its safety functions, assuming a 
single failure. 

The DC electrical power system typically consists of two independent and redundant 
safety related Class 1E DC electrical power subsystems.  Each subsystem consists of the 
batteries, the associated battery charger(s) for each battery, and all the associated control 
equipment and interconnecting cabling. 

During normal operation, the DC load is powered from the battery chargers with the 
batteries floating on the system.  In case of loss of normal power to the battery charger, 
the DC load is automatically powered from the station batteries. 

Each battery is separately housed in a ventilated room apart from its charger and 
distribution centers.  Each subsystem is located in an area separated physically and 
electrically from the other subsystem to ensure that a single failure in one subsystem does 
not cause a failure in a redundant subsystem.  There is no sharing of dedicated 
components between redundant Class 1E subsystems, such as batteries, battery chargers, 
or distribution panels.   

Each battery has adequate storage capacity to meet the duty cycle(s) assumed in the 
accident analyses.  The battery is normally designed with additional capacity above that 
required by the design duty cycle to allow for temperature variations and other factors. 

Each DC electrical power subsystem battery charger has ample power output capacity for 
the steady state operation of connected loads required during normal operation, while at 
the same time maintaining its battery bank fully charged.  Each battery charger also has 
sufficient excess capacity to restore the battery from the design minimum charge to its 
fully charged state while supplying normal steady state loads. 

The battery charger is normally in the float-charge mode.  Float-charge is the condition in 
which the charger is supplying the connected loads and the battery cells are receiving 
adequate current to optimally charge the battery.  This assures the internal losses of a 
battery are overcome and the battery is maintained in a fully charged state. 

When desired, the charger can be placed in the equalize mode.  The equalize mode is at a 
higher voltage than the float mode and charging current is correspondingly higher.  The 
battery charger is operated in the equalize mode after a battery discharge or for routine 
maintenance.  Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was significant, e.g., 
following a battery service test) until the battery terminal voltage approaches the charger 
voltage setpoint. 

4.2 Differences Between TSTF-360-A and TSTF-500 

TSTF-360-A was based on IEEE-450-1995, "IEEE Recommended Practice for 
Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for Stationary 
Applications."  The NRC has not reviewed or endorsed IEEE-450-1995.  Therefore, the 
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changes proposed in TSTF-500 are based on IEEE-450-2002.  The NRC has endorsed 
IEEE-450-2002 in Regulatory Guide 1.129, Revision 2. 

TS 3.8.4, Required Action A.3, and TS 3.8.5, Required Action A.3, contains a 72 hour 
Completion Time vice the 7 day Completion Time in TSTF-360-A.  Licensees wishing to 
adopt a Completion Time for Required Action A.3 longer than 72 hours will need to 
demonstrate that the Completion Time is appropriate for the plant in accordance with the 
guidance in Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications," and RG 1.174, "An Approach for 
Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific 
Changes to the Licensing Basis."  Alternatively, the 7 day Completion Time can be 
justified by an acceptable method, such as a regulatory commitment that an alternate 
means to charge the batteries will be available that is capable of being supplied power 
from a power source that is independent of the offsite power supply.  Otherwise, the 72 
hour Completion Time must be adopted. 

TSTF-360-A applied a Reviewer's Note to TS 3.8.6 which stated that licensees must 
adopt a Battery Monitoring and Maintenance Program based on IEEE-450-1995.  That 
Reviewer's Note is deleted in TSTF-500 because it is no longer necessary.  Reliance on 
IEEE-450 is incorporated in the Battery Monitoring and Maintenance Program. 

The Battery Monitoring and Maintenance Program is revised to reference IEEE-450-2002 
and Regulatory Guide 1.129, Revision 2 (with exceptions), to require actions to equalize 
and test battery cells when the electrolyte level drops below the top of plates instead of 
when the electrolyte level drops below the minimum established design limit, to require 
actions to verify the remaining cells are > [2.07] V when a cell or cells have been found 
to be <[2.13] V.  The Program is also revised to state the license controlled program will 
contain limits on average electrolyte temperature, battery connection resistance, and 
battery terminal voltage; and a requirement to obtain specific gravity readings of all cells 
at each discharge test, consistent with manufacturer recommendations. 

TSTF-360-A contained two documents: "Battery Primer for Nuclear Power Plants," and 
"Assessment of Lead-Acid Battery State of Charge by Monitoring Float Current," which 
are also included in this Traveler as Enclosures 1 and 2.  These documents provided 
justification for using float current instead of specific gravity as a method of monitoring 
the state-of-charge for the batteries and establishing a return to service limit.  In order use 
float current, licensees are required to provide letters from the manufacturers of the 
batteries in use at their station supporting the use of float current monitoring instead of 
specific gravity monitoring and to provide plant/battery specific bases for the [2] amp 
return to service limit.  One method of selecting the return to service limit that has been 
accepted by the NRC is reserving [5%] of the available design margin above that required 
to perform the intended design function.  See the "Verifications and Regulatory 
Commitments" section, below.   
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4.3 Proposed Changes to Specification 3.8.4, "DC Sources - Operating" 

4.3.1 Proposed Changes to Specification 3.8.4, "DC Sources - Operating" Actions 

TS 3.8.4 contains a Condition for one DC electrical train inoperable.  The proposed 
change adds two additional Conditions, which are exceptions to the existing Condition.  
The proposed change to the TS 3.8.4 Actions addresses the condition in which one or two 
required battery chargers on one train are inoperable and effectively increases the 
Completion Time for an inoperable battery charger from the existing 2 hours to 
[72] hours, provided that battery terminal voltage is restored to greater than or equal to 
the minimum established float voltage within 2 hours, and battery float current is verified 
to be is less than or equal to [2] amps once per [12] hours.  

The first Condition (new Condition A) applies when one [or two] battery charger[s] on 
one train are inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  There 
are three Required Actions.  The Required Actions provide a tiered response that focuses 
on returning the battery to the fully charged state and restoring a fully qualified charger to 
Operable status in a reasonable time period.  The first Required Action states that the 
battery terminal voltage must be restored to greater than or equal to the minimum 
established float voltage within 2 hours.  The second Required Action states that the 
battery float current must be verified to be ≤ [2] amps once per [12] hours.  As stated in a 
Reviewer's Note in the Bases, a plant that cannot meet the 12 hour Completion Time due 
to an inherent battery charging characteristic can propose an alternate time equal to 2 
hours plus the time experienced to accomplish the exponential charging current portion of 
the battery charge profile following the service test (SR 3.8.4.3).  The third Required 
Action states that the battery charger[s] must be restored to Operable status.  The third 
Completion Time is [72] hours.   

New Required Action A.1 would provide assurance that a battery discharge is terminated 
by requiring that the battery terminal voltage be restored to greater than or equal to the 
minimum established float voltage within 2 hours.  The battery charger, in addition to 
maintaining battery operability, provides DC control power to AC circuit breakers and 
thus supports the recovery of AC power following events such as loss of offsite power or 
station blackout (SBO).  The 2 hour Completion Time provides an allowance for 
returning an inoperable charger to Operable status or for reestablishing an alternate 
means of restoring battery terminal voltage to greater than or equal to the minimum 
established float voltage.  This provides assurance that the battery will be restored to its 
fully charged condition from any discharge that might have occurred due to the battery 
charger being inoperable. At the end of the 2 hours, a terminal voltage of at least the 
minimum established float voltage provides indication that the battery is on the 
exponential charging current portion of its recharging cycle.  

New Required Action A.2 would require that once per [12] hours, the battery float 
current be verified to be less than or equal to [2] amps.  This provides an indication that, 
if the battery has been discharged as the result of an inoperable battery charger, it has 
now been fully charged. If at the expiration of the [12] hour period, the battery float 
current is not less than or equal to [2] amps, there may be additional problems and the 
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battery is considered inoperable.  This verification provides assurance that the battery has 
sufficient capacity to perform its safety function.  

New Required Action A.3 requires restoring inoperable battery charger to Operable 
status.  Given that the DC bus remains energized, the battery discharge is terminated 
based on restoration of the battery terminal voltage (New Required Action A.1), and the 
battery is fully recharged based upon battery float current (New Required Action A.2), 
there is reasonable basis for extending the restoration time for an inoperable battery 
charger beyond the existing [2] hour Completion Time to [72] hours (New Required 
Action A.3).  The primary justification for the extended Completion Time is the 
availability of a spare battery charger that is appropriately sized to perform the design 
function of the charger being replaced.  As stated in a Reviewer's Note in the Bases, a 
licensee wishing to adopt a Completion Time longer than 72 hours will need to 
demonstrate that the Completion Time is appropriate for the plant in accordance with the 
guidance in RG 1.177 and RG 1.174.  Alternatively, the 7 day Completion Time can be 
justified by an acceptable method, such as a regulatory commitment that an alternate 
means to charge the batteries will be available that is capable of being supplied power 
from a power source that is independent of the offsite power supply.  Otherwise, the 72 
hour Completion Time must be adopted.   

The second Condition (new Condition B) applies when one [or two] batteries on one train 
are inoperable.  The Required Action states that the battery or batteries must be restored 
to Operable status within [2] hours.  As stated in a Reviewer's Note in the Bases, a 
licensee wishing to request a longer Completion Time will need to demonstrate that the 
longer Completion Time is appropriate for the plant in accordance with the guidance in 
RG 1.177 and RG 1.174 or provide a regulatory commitment that an alternate means of 
charging the batteries is available.   With the batteries on one train inoperable, the DC bus 
is being supplied by the Operable battery charger(s).  Any event that results in a loss of 
the AC bus supporting the battery charger(s) will also result in loss of DC power to that 
train.  Recovery of the AC bus, especially if it is due to a loss of offsite power, will be 
hampered by the fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator output circuit 
breakers, etc.) may rely on the batteries.  In addition, the energization transients of any 
DC loads that are beyond the capability of the battery charger(s) and normally require the 
assistance of the batteries will not be able to be restored.  The [2] hour limit allows 
sufficient time to effect restoration of an inoperable battery given that the majority of the 
conditions that lead to battery inoperability (e.g., loss of battery charger, inadequate 
battery cell voltage, etc.) are identified in Specifications 3.8.4, 3.8.5, and 3.8.6 and 
provide additional Required Actions and associated Completion Times. 

Existing Condition A is renumbered Condition C and the exception "for reasons other 
than Condition A [or B]" is added.  Existing Conditions B and C are renumbered 
Conditions D and E with no other changes. 
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4.3.2 Proposed Changes to Specification 3.8.4, "DC Sources - Operating," Surveillances 

SR 3.8.4.1 is proposed to be revised from "Verify battery terminal voltage is ≥ [120] V 
on float charge" to "Verify battery terminal voltage is greater than or equal to the 
minimum established float voltage."  The Frequency of 7 days is unchanged.  The value 
for the minimum established float voltage is relocated from the Specifications to the TS 
Bases. 

The purpose of SR 3.8.4.1 is to verify the battery terminal voltage is greater than or equal 
to the minimum established float voltage.  The specific limiting value for the minimum 
operating battery charging float voltage is relocated to the Bases.  The battery 
manufacturer establishes this voltage to provide the optimum charge on the battery.  This 
voltage will maintain the battery plates in a condition that supports maintaining the grid 
life.  This value can be adequately controlled in the TS Bases by the Technical 
Specifications Bases Control Program. 

SR 3.8.4.2, SR 3.8.4.3, SR 3.8.4.4, and SR 3.8.4.5 are deleted and the associated testing 
will be performed under the Battery Monitoring and Maintenance Program. 

In accordance with SR 3.0.1, when any SR is not met, the LCO is not met. This is based 
on the SRs representing the minimum acceptable requirements for operability of the 
required equipment. However, for SR 3.8.4.2, SR 3.8.4.3, SR 3.8.4.4, and SR 3.8.4.5, 
failure to meet the SR does not necessarily mean that the equipment is not capable of 
performing its safety function. Furthermore, the corrective action is generally a routine or 
preventive maintenance-type activity. These activities are inappropriate for SRs and can 
be controlled in the maintenance programs for batteries. 

With regard to the resistance verifications of SR 3.8.4.2 and SR 3.8.4.5, the values are 
nominal values and represent limits at which some action should be taken, not necessarily 
when the operability of the battery is in question. The plant safety analyses do not assume 
a specific battery inter-cell connection resistance value, but typically assume that the 
batteries will supply adequate power. Therefore, the key issue is the overall battery 
connection resistance. Between surveillances, the resistance of each battery inter-cell 
connection varies independently from all the others. Some of these connection resistance 
values may be higher or lower than others, and the battery will still be able to perform its 
function and should not be considered inoperable. Overall connection resistance has a 
direct impact on operability and is adequately determined as acceptable through 
completion of the battery service and or modified performance discharge tests. Therefore, 
these activities are more appropriately controlled under the proposed Battery Monitoring 
and Maintenance Program.  Licensees must provide a basis for the relocated cell 
connection resistance limit ([150 μOhm] or a revised monitoring value). 

SR 3.8.4.6 (now SR 3.8.4.2) specifies battery charger current requirements for each DC 
source, and its purpose is to verify the design capacity of each battery charger.  The 
proposed change revises this SR to be consistent with SR 3.8.4.1 by replacing the specific 
voltage limits with "greater than or equal to the minimum established float voltages."  
The voltage requirements are based on the battery charger voltage level after a response 
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to a loss of AC power.  As stated above, the battery manufacturer establishes this voltage 
limit to provide the optimum charge on the battery and to maintain the battery plates in a 
condition that supports maintaining the battery grid life.  This value can be adequately 
controlled in the TS Bases by the Technical Specifications Bases Control Program. 

An alternative criteria is added to SR 3.8.4.6 (now SR 3.8.4.2), which states, "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." 

This is an alternate method for verifying the design capacity of each battery charger.  As 
described in the revised Bases for SR 3.8.4.2, this test would occur following a service, 
performance or modified performance test.  The level of loading required may not 
normally be available following the battery service test and may need to be supplemented 
with additional loads.  The duration of this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, temperature, and the 
exponential decay in charging current.  If each battery charger is capable of recharging its 
respective battery 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, the proposed alternate testing criteria would satisfy the 
purpose of SR 3.8.4.2. 

SR 3.8.4.6 (now SR 3.8.4.2) is revised to eliminate a Note.  The Note states, "This 
Surveillance shall not be performed in MODE 1, 2, or 3.  However, credit may be taken 
for unplanned events that satisfy this SR."  This restriction is eliminated as the alternate 
method can be performed in MODE 1, 2, or 3 without affecting plant safety. 

The Note to SR 3.8.4.7 (now SR 3.8.4.3) is revised to eliminate the "once per 60 months" 
restriction on performing the modified performance discharge test instead of the service 
test, effectively allowing the modified performance test to be used instead of the service 
test at any time.  The licensee must confirm that the modified performance discharge test 
completely encompasses the load profile of the battery service test and that it adequately 
confirms the intent of the service test to verify the battery capacity to supply the design 
basis load profile. 

SR 3.8.4.8 is relocated to TS 3.8.6.  The relocation is discussed below. 

4.3.4 Proposed Changes to Specification 3.8.4, "DC Sources - Operating," Bases 

The Bases of Specification 3.8.4 are revised to reflect the changes described above.  No 
other substantive changes are made. 

4.4 Proposed Changes to Specification 3.8.5, "DC Sources - Shutdown" 

4.4.1 Proposed Changes to Specification 3.8.5, "DC Sources - Shutdown" Actions 

TS 3.8.5 contains a Condition for one or more DC electrical subsystems inoperable.  The 
proposed change adds an additional Condition, which is an exception to the existing 
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Condition.  The existing Condition is renamed Condition B and modified to state "One or 
more DC electrical power subsystems inoperable for reasons other than Condition A."  
An addition condition joined by an OR is added to Condition A (new Condition B) which 
states, "Required Actions and associated Completion Time of Condition A not met."  The 
Required Actions of Condition A (new Condition B), which require declaring affected 
required features inoperable or suspending core alterations and movement of irradiated 
fuel assemblies in the [secondary] containment, are not changed. 

TS 3.8.5 requires DC electrical power sources to be Operable to support specific 
equipment and capabilities in MODE 5 and 6 and during movement of irradiated fuel 
assemblies.  Depending on the plant design, this may require both DC electrical trains to 
be Operable.  The new Condition A is bracketed and is included only when the plant-
specific implementation of TS 3.8.5 may require both trains of the DC electrical power 
system to be Operable.  If the plant-specific implementation of LCO 3.8.5 required only 
one train of the DC electrical power system to be Operable, then Condition A is omitted 
and Condition B is renumbered as Condition A. 

The new Condition A applies when one [or two] battery charger[s] on one train are 
inoperable and the redundant train battery and charger[s] are Operable.  There are three 
Required Actions.  The first Required Action states that the battery terminal voltage must 
be restored to greater than or equal to the minimum established float voltage within 2 
hours.  The second Required Action states that the battery float current must be verified 
to be ≤ [2] amps once per [12] hours.  As stated in a Reviewer's Note in the Bases, a plant 
that cannot meet the 12 hour Completion Time due to an inherent battery charging 
characteristic can propose an alternate time equal to 2 hours plus the time experienced to 
accomplish the exponential charging current portion of the battery charge profile 
following the service test (SR 3.8.4.3).  The third Required Action states that the battery 
charger[s] must be restored to Operable status.  The third Completion Time is [72] hours.  
As stated in a Reviewer's Note in the Bases, a licensee wishing to adopt a Completion 
Time longer than 72 hours must demonstrate that the Completion Time is appropriate for 
the plant in accordance with the guidance in RG 1.177 and RG 1.174.  Alternatively, the 
7 day Completion Time can be justified by an acceptable method, such as a regulatory 
commitment that an alternate means to charge the batteries will be available that is 
capable of being supplied power from a power source that is independent of the offsite 
power supply.  Otherwise, the 72 hour Completion Time must be adopted. 

As described in the discussion of the changes to TS 3.8.4, above, given that the DC bus 
remains energized, the battery discharge is terminated based on restoration of the battery 
terminal voltage (New Required Action A.1), and the battery is fully recharged based 
upon battery float current (New Required Action A.2), there is reasonable basis for 
extending the restoration time for an inoperable battery charger beyond the existing [2] 
hour Completion Time to [72] hours (New Required Action A.3). 

The change to the existing Condition A (new Condition B) to address the situation in 
which the Required Actions and associated Completion Times of new Condition A are 
not met provides conservative actions to be followed. 
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4.4.2 Proposed Changes to Specification 3.8.5, "DC Sources - Shutdown," Surveillances 

SR 3.8.5.1 is revised to reflect the relocation or elimination of Surveillances in TS 3.8.4.  
This change is administrative and reflects the changes justified above. 

4.4.3 Proposed Changes to Specification 3.8.5, "DC Sources - Shutdown," Bases 

The Bases of Specification 3.8.5 are revised to reflect the changes described above.  No 
other substantive changes are made. 

4.5 Proposed Changes to Specification 3.8.6, "Battery Parameters " 

4.5.1 Proposed Changes to Specification 3.8.6, "Battery Parameters " Title and LCO and 
Deletion of Table 3.8.6-1 

TS 3.8.6, "Battery Cell Parameters," is renamed "Battery Parameters."  The LCO is 
revised to refer to battery parameters, instead of battery cell parameters, being within 
limits.  These changes are editorial and reflect the revised requirements, as described 
below. 

The TS 3.8.6 LCO is revised to refer to  the [name] "electrical power subsystem 
batteries" instead of the [name] "batteries," where "name" is "Train A and B" or "station 
service and DG," depending on plant type.  This adds consistency with the LCO 3.8.4 and 
LCO 3.8.5 descriptions of the separate and independent electrical power subsystems and 
uses the term "subsystem," which appears in the Conditions, in the LCO. 

LCO 3.8.6 is revised to remove the reference to Table 3.8.6-1.  Table 3.8.6-1, "Battery 
Cell Parameter Requirements," is deleted. 

TS Table 3.8.6-1 specifies the battery cell parameter requirements, including electrolyte 
level, float voltage, and specific gravity.  The Category A and B values of TS Table 
3.8.6-1 represent appropriate monitoring levels and appropriate preventive maintenance 
levels for long-term battery quality and extended battery life.  The definition of Limiting 
Condition for Operation (LCO) presented in 10 CFR 50.36 states that LCOs are "the 
lowest functional capability or performance levels of equipment required for safe 
operation of the facility." As such, the Category A and B values for cell voltage and 
electrolyte level do not reflect the 10 CFR 50.36 criteria for LCOs.  It is proposed that 
these values and the Required Actions associated with restoration be relocated to a 
licensee-controlled program, required and described in TS Section 5.5, "Program," and 
titled the "Battery Monitoring and Maintenance Program."  This provides adequate 
assurance that the battery parameter values will continue to be controlled and actions will 
be implemented if the battery parameter values are not met.  Furthermore, the battery and 
its preventive maintenance and monitoring program are under the regulatory 
requirements of 10 CFR 50.65, "Requirements for monitoring the effectiveness of 
maintenance at nuclear power plants." 

The Category C specific limiting values of TS Table 3.8.6-1 for the battery electrolyte 
levels have also been proposed to be relocated to a licensee-controlled program.  
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However, new TS 3.8.6, Conditions C and D, will require the electrolyte temperature 
(pilot cell only) and level (any battery cell) to be greater than or equal to minimum 
established design limits.  Depending on the available excess capacity of the associated 
battery, the minimum temperature necessary to support operability of the battery can 
vary.  Relocating these values to a licensee-controlled program will provide the licensee 
with added flexibility to monitor and control this limit at values directly related to the 
battery's ability to perform its assumed function.   

The TS Table 3.8.6-1, Category C, limiting value for float voltage is eliminated and 
instead the new SR 3.8.6.2 will require monitoring of float voltage. This change is 
discussed below under SR 3.8.6.2. 

The TS Table 3.8.6-1, Category C, limiting value for specific gravity is eliminated as the 
method of verifying battery state of charge and instead the new SR 3.8.6.1 will require 
monitoring of float current.  This change is discussed below under SR 3.8.6.1. 

4.5.2 Proposed Changes to Specification 3.8.6, "Battery Parameters " Actions 

The existing TS 3.8.6 Condition A is deleted and replaced with the following Conditions: 

 New Condition A addresses the condition in which one or more batteries with one or 
more battery cells float voltage less than [2.07] V.  

 New Condition B addresses the condition in which one or more batteries with float 
current greater than [2] amps.  

 New Condition C addresses the condition in which one or more batteries with one or 
more cells electrolyte level less than the minimum established design limits.  

 New Condition D addresses the condition in which one or more batteries with pilot 
cell electrolyte temperature less than minimum established design limits.  

 New Condition E addresses the condition in which two or more redundant division 
battery parameters not within established limits.  

Current Condition B will be renamed as new Condition F.  The current Condition B 
consists of three separate entry Conditions and the Required Action is to declare the 
associated battery inoperable.  As part of this proposed change, the last two entry 
Conditions will be deleted.  The deleted Conditions will be replaced with two new 
Conditions requiring entry when one or more batteries with one or more battery cells 
float voltage of less than [2.07] V or float current greater than [2] amps. 

New TS 3.8.6, Condition A addresses what was formerly the Category C limit for float 
voltage in TS Table 3.8.6-1.  This new Condition would be applicable when one or more 
batteries on one train are found with one or more battery cells with a float voltage less 
than [2.07] V.  Once Condition A has been entered, the battery cell is considered 
degraded and the Required Actions are to verify within 2 hours:  (A.1) the battery 
terminal voltage to be greater than or equal to the minimum established float voltage (SR 
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3.8.4.1), and (A.2) that each battery's float current is less than or equal to [2] amps (SR 
3.8.6.1).  The above actions assure that there is still sufficient battery capacity to perform 
its intended function without considering the battery inoperable.  Continued operations up 
to 24 hours is proposed to allow the restoration of the affected cell(s) voltage to greater 
than or equal to [2.07] volts.   

New TS 3.8.6, Condition B addresses battery state-of-charge. This new Condition B 
would be applicable when one or more batteries is found with a float current greater than 
[2] amps.  A float current of greater than [2] amps provides an indication that a partial 
discharge has occurred.  The Required Action is to verify within 2 hours that the battery 
terminal voltage is greater than or equal to the minimum established float voltage (SR 
3.8.4.1), thus confirming battery charger operability.  If the terminal voltage is 
satisfactory, Required Action B.2 of Condition B assures that within [12] hours the 
battery will be restored to its fully-charged condition from any discharge that might have 
occurred due to a temporary loss of the battery charger.  As stated in the Reviewer's Note 
for Condition B, if a plant cannot meet the [12] hour Completion Time due to an inherent 
battery charging characteristic, they can propose an alternate time equal to 2 hours plus 
the time experienced to accomplish the exponential charging current portion of the 
battery charge profile following the service test (SR 3.8.4.3). 

If the terminal voltage is found to be less than the minimum established float voltage, it 
indicates that the battery charger is either inoperable or is operating in the current limit 
mode.  If the battery charger is operating in the current limit mode for 2 hours, it is an 
indication that the battery has been substantially discharged and likely can not perform its 
required design functions.  In this case, new Condition F is entered.   

If float voltage is not satisfactory, revised Condition F of TS 3.8.6 would be applicable 
and the battery must be declared inoperable immediately.   

New TS 3.8.6, Condition C addresses the level of the electrolyte in a cell.  This new 
Condition C would be applicable when one or more batteries is found with one or more 
cells' electrolyte level is less than the minimum established design limits.  If the level is 
above the top of the battery plates, but below the minimum limit (i.e., minimum level 
indication mark on the battery cell jar), the battery still has sufficient capacity to perform 
its intended safety function and is not considered inoperable.  With the cell(s) electrolyte 
level below the top of the plates, there is a potential for dry-out and plate degradation. 
New Required Actions C.1 and C.2 restore the electrolyte level and ensure that the cause 
of the loss of electrolyte level is not due to a leak in the battery cell jar.  These changes, 
with the additional requirements in the Battery Monitoring and Maintenance Program, are 
adequate to ensure that minimum electrolyte levels are maintained. 

New TS 3.8.6, Condition D applies to a battery found with a pilot cell electrolyte 
temperature less than the minimum established design limit.  This Condition would be 
applicable when one or more batteries has a pilot cell electrolyte temperature of less than 
the minimum established design limits.  A low electrolyte temperature limits the current 
and power available from the battery.  Batteries are normally sized with correction 
margins that include temperature and aging, and as previously mentioned, [5] percent 
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design margin will be maintained.  The temperature of the room containing the batteries 
is typically monitored during operator rounds.  Since batteries have very large thermal 
inertia, it is highly probable that a room temperature excursion would be corrected prior 
to the battery reaching minimum temperature.  The pilot cell temperature is an accurate 
representation of the temperature of the battery bank because:  (1) batteries having very 
large thermal inertia; (2) the batteries are designed with significant margins (i.e., 
temperature, aging, and design); and (3) the monitoring and correction of low battery 
room temperatures.  Therefore, the 12 hour CT provides a reasonable time to restore the 
electrolyte temperature within established limits.  

Due to the use of [2.07] V as the minimum limit for cell voltage and the use of pilot cell 
temperature in lieu of average cell temperature, changes are necessary in the way pilot 
cells are selected.  In the past, pilot cells were selected to represent average cells in the 
battery.  The change to [2.07] V now requires pilot cells to be selected to represent the 
lowest voltage cells in the battery.  This ensures that the other cells are above the pilot 
cell voltage which must remain above the TS limit. 

Previously, average battery temperature was monitored instead of pilot cell temperature.  
As a result, temperature was not a criterion with selecting a pilot cell.  In order to use 
pilot cell temperature instead of average battery temperature, temperature must be used as 
a criteria when selecting the pilot cell.  This may result in different pilot cells for 
temperature monitoring and voltage monitoring. 

For batteries where it could be shown that the maximum temperature deviation across the 
battery did not exceed the IEEE 450 recommended maximum of 5°F, the NRC has 
accepted that cell temperature was not a critical parameter.  Therefore for these batteries, 
cell temperature did not have to be taken into account when selecting pilot cells.  For 
batteries where the temperature deviation exceeds 5°F, the licensee has several options.  
The first is to continue to use average cell temperature and use it in lieu of pilot cell 
temperature.  The second is to perform the necessary analysis to demonstrate that 
sufficient margins exist in sizing to compensate for using the warmest cell as the pilot 
cell.  Other options include using cell temperature as a criteria in selecting the pilot cell 
or to select a separate pilot cell that reflects the average battery temperature. 

Another difference in this approach is rotating pilot cells.  Past practices have been to 
rotate pilot cells on an annual basis and to not reuse cells that have previously been pilot 
cells.  The reason for rotation and not reusing cells was to prevent loss of specific gravity 
by repeated sampling.  With the transition to float current monitoring, this concern is no 
longer valid and pilot cells should be selected based on the preceding discussion without 
regard to whether or not they have been used previously.  The same is true for rotating 
pilot cells.  The Battery Monitoring and Maintenance Program will require pilot cell 
selection to be verified following performance of SR 3.8.6.5 ("Verify each battery 
connected cell float voltage is ≥ [2.07] V,)" which has a Frequency of 92 days. 

New TS 3.8.6, Condition E addresses the condition in which two or more redundant 
division battery parameters are not within established limits.  If this condition exists, 
there is not sufficient assurance that the batteries will be capable of performing their 
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intended safety function.  With redundant batteries involved, loss of function is possible 
for multiple systems that depend upon the batteries.  The battery parameters for the 
affected battery in one division must be restored to within limits within 2 hours, which is 
consistent with the Completion Time to restore an inoperable DC bus. 

New TS 3.8.6, Condition F provides a default condition for battery parameters that fall 
outside the allowance of the Required Actions for Condition A, B, C, D, or E.  Under this 
condition, it is assumed that there is not sufficient capacity to supply the maximum 
expected load requirements.  New Condition F also addresses the case where one or more 
batteries is found with one or more battery cells having a float voltage less than [2.07] V 
and a float current greater than [2] amps.  This Condition provides reasonable actions to 
respond to this Condition. 

4.5.3 Proposed Changes to Specification 3.8.6, "Battery Parameters" Surveillances 

The existing SR 3.8.6.1 (verify battery cell parameters meet Table 3.8.6-1 Category A 
limits), SR 3.8.6.2 (verify battery cell parameters meet Table 3.8.6-1 Category B limits), 
and SR 3.8.6.3 (verify average electrolyte temperature of representative cells) are deleted.  
The deleted SRs are replaced with SR 3.8.6.1 for float current, SR 3.8.6.2 for pilot cell 
voltage, SR 3.8.6.3 for electrolyte level, SR 3.8.6.4 for pilot cell temperature, SR 3.8.6.5 
for connected cell voltage, and SR 3.8.6.6 for discharge testing. 

The elimination of existing SR 3.8.6.1 and SR 3.8.6.2 is consistent with the elimination 
of Table 3.8.6.1, discussed above.  The Table 3.8.6-1, Category A and B limits do not 
represent a condition in which the batteries cannot perform their function.  Therefore, 
SRs which verify that the Table 3.8.6-1 Category A and B limits are met are inconsistent 
with the 10 CFR 50.36 definition of "Surveillances," and SR 3.0.1, which state that 
Surveillances verify that the Limiting Condition of Operation is met.  Existing SR 3.8.6.3 
is replaced with new SR 3.8.6.4, as discussed below. 

New SR 3.8.6.1 requires verification that the float current for each battery is less than or 
equal to [2] amps every 7 days.  Float current is used to indicate the state-of-charge 
instead of specific gravity.  The purpose of this SR is to determine the state-of-charge of 
the battery.  Float charge is the condition in which the battery charger is supplying the 
continuous small amount of current (i.e., less than [2] amps) required to overcome the 
internal losses of a battery to maintain the battery in a fully charged state.  The float 
current requirements are based on the float current indicative of a charged battery.  As 
stated above, the use of float current to determine the state-of-charge of the battery is 
consistent with the battery manufacturer recommendations and must be supported by 
documentation from the battery manufacturer.  

New SR 3.8.6.2 and SR 3.8.6.5 require verification that the float voltage of pilot cells and 
all connected cells are greater than or equal to [2.07] V every 31 and 92 days, 
respectively.  This voltage level represents the point at which battery operability is in 
question.  The Battery Monitoring and Maintenance Program in TS Section 5.5 will 
include actions to restore battery cells with float voltage less than [2.13] V and actions to 
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verify that the remaining cells are greater than or equal to [2.07] V when a cell or cells 
have been found to be less than [2.13] V. 

New SR 3.8.6.3 requires verification that the connected cell electrolyte level of each 
battery is greater than or equal to the minimum established design limits every 31 days.  
Operation of the batteries at electrolyte levels greater than the minimum established 
design limit ensures that the battery plates do not suffer physical damage and continue to 
maintain adequate electron transfer capability.  

New SR 3.8.6.4 requires verification that the temperature of each battery pilot cell is 
greater than or equal to the minimum established design limits every 31 days.  It replaces 
existing SR 3.8.6.3, which required verifying the average (versus pilot cell) electrolyte 
temperature every 92 days.  As discussed above, batteries have very large thermal inertia; 
the batteries are designed with significant margins (i.e., temperature, aging, and design); 
and there is monitoring and correction of low battery room temperatures.  As a result, the 
pilot cell temperature is an accurate representation of the temperature of the battery bank 
and is adequate to ensure that the minimum electrolyte temperature is maintained.  
However, because only the pilot cell temperature is determined, the Frequency is 
increased from 92 days to 31 days. 

The specific limiting values for the battery electrolyte temperature and level are relocated 
to licensee control.  SR 3.8.6.3 and SR 3.8.6.4, respectively, require the electrolyte level 
and temperature to be greater than or equal to the "minimum established design limits."  
Depending on the available excess capacity of the associated battery, the minimum 
temperature necessary to support operability of the battery can vary.  Relocation to 
licensee controlled programs can allow flexibility to monitor and control this limit at 
values directly related to the battery ability to perform its assumed function. 

The new SR 3.8.6.6 is relocated from existing SR 3.8.4.8.  Relocating existing SR 3.8.4.8 
to new SR 3.8.6.6 is appropriate because the SR demonstrates the operability of the 
battery, and is therefore more appropriate to be included in TS Section 3.8.6. 

4.5.4 Proposed Changes to Specification 3.8.6, "Battery Parameters " Bases 

The Bases of Specification 3.8.6 are revised to reflect the changes described above. 

The Bases for SR 3.8.6.1 specify that the equipment that is used to monitor float current 
will have the necessary accuracy and capability to measure electrical currents in the 
expected range.  

4.6 Proposed Addition of the "Battery Maintenance and Monitoring Program" to Section 
5.5 of the TS 

A new administrative program, the Battery Monitoring and Maintenance Program, is 
added to Section 5.5, "Programs," of the TS.  The monitoring of the current battery 
parameters (i.e., specific gravity, electrolyte level, cell temperature, float voltage, 
connection resistance, and physical condition) is relocated to this program.  This will 
ensure that the battery parameter values will continue to be controlled and that actions 
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will be implemented should the battery parameter value not be met.  Furthermore, the 
battery and its preventive maintenance and monitoring program are under the regulatory 
requirements of 10 CFR 50.65.  The licensee's program should include a provision to 
obtain specific gravity readings of all cells at each discharge test, per manufacturer and 
NRC recommendations. 

The program states:  

This Program provides controls for battery restoration and maintenance.  
The program shall be in accordance with IEEE Standard (Std) 450-2002, 
"IEEE Recommended Practice for Maintenance, Testing, and 
Replacement of Vented Lead-Acid Batteries for Stationary Applications," 
as endorsed by Regulatory Guide 1.129, Revision 2 (RG), with RG 
exceptions and program provisions as identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or 

after conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," 

is not applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is 
made to the pilot cell, pilot cell selection shall be based on the 
lowest voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 

5.4.1, "State of Charge Indicator," the following statements in 
paragraph (d) may be omitted: "When it has been recorded that 
the charging current has stabilized at the charging voltage for 
three consecutive hourly measurements, the battery is near full 
charge.  These measurements shall be made after the initially 
high charging current decreases sharply and the battery voltage 
rises to approach the charger output voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, 
record the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
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    2. Actions to determine whether the float voltage of the 
remaining battery cells is ≥ [2.13] V when the float voltage of 
a battery cell has been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been 

discovered with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
 
    5. A requirement to obtain specific gravity readings of all cells at 

each discharge test, consistent with manufacturer 
recommendations. 

The exceptions to Regulatory Guide 1.129, Revision 2, are needed to make the 
Regulatory Guide requirements consistent with the proposed Technical Specification 
requirements, allow reasonable technical approaches, and be applicable to operating 
plants, as described below: 

Exception 1: Regulatory Guide 1.129 states that temperature correction must be 
performed before and after the test.  IEEE-450-2002 recommends 
performing temperature correction before or after the test and this is 
adequate to obtain accurate test results. 

Exception 2: This change excludes the Regulatory Guide 1.129 referenced documents, 
as they are not relevant to the program. 

Exception 3: Regulatory Guide 1.129, Regulatory Position 2, states, "Where reference 
is made to the pilot cell, pilot cell selection shall be based on finding an 
average cell that is representative of the entire battery’s individual cell 
voltage and specific gravity readings."  This position is inconsistent with 
the treatment of pilot cells in TSTF-500.  As stated in the justification 
(above), "In the past, pilot cells were selected to represent average cells in 
the battery.  The change to [2.07] V now requires pilot cells to be selected 
to represent the lowest voltage cells in the battery.  This ensures that the 
other cells are above the pilot cell voltage which must remain above the 
TS limit." 

Exception 4: The following statements are excluded from Regulatory Position 3, 
subsection 5.4.1, "When it has been recorded that the charging current has 
stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements shall 
be made after the initially high charging current decreases sharply and the 
battery voltage rises to approach the charger output voltage."  This is 
inconsistent with the Operability requirements used in the proposed TS, 
which state that verifying battery float current to be ≤ [2] amps while on 
float charge determines the battery is fully charged (See SR 3.8.6.1). 
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Exception 5: Regulatory Guide 1.129, Regulatory Position 7, recommends recording 
the specific gravity and float voltage of each cell in the string following 
the test.  The Battery Monitoring and Maintenance Program requires 
obtaining specific gravity readings of all cells at each discharge test, 
consistent with manufacturer recommendations.  The provision to follow 
the manufacturer's recommendations is a reasonable allowance given that 
the battery manufacturer is qualified to determine the benefit of the 
readings. 

4.7 Verifications and Regulatory Commitments 

In order to adopt this change, licensees must make the following verifications and 
regulatory commitments in their license amendment request (LAR).  It is anticipated that 
these verifications and commitments are captured in the CLIIP model application. 

4.7.1 Verifications 

1. In an attachment to the LAR, the licensee must provide letters from the manufactures 
of the batteries used at the plant verifying the acceptability of using float current 
monitoring instead of specific gravity monitoring as a reliable and accurate indication 
of the state-of-charge of the battery and that this will hold true over the life of the 
battery. 

2. The licensee must verify that battery room temperature is routinely monitored such 
that a room temperature excursion could reasonably expect to be detected and 
corrected prior to the average battery electrolyte temperature dropping below the 
minimum electrolyte temperature. 

3. The licensee must verify that the equipment that will be used to monitor float current 
under SR 3.8.6.1 will have the necessary accuracy and capability to measure 
electrical currents in the expected range.  

4. If the licensee requests a Completion Time greater than 72 hours for TS 3.8.4, 
Required Action A.3, and / or TS 3.8.5, Required Action A.3, the licensee must verify 
the availability of a spare battery charger that is appropriately sized.  As stated in a 
Reviewer's Note in the Bases, a licensee wishing to adopt a longer Completion Time 
must also demonstrate that the Completion Time is appropriate for the plant in 
accordance with the guidance in Regulatory Guide 1.177, "An Approach for Plant-
Specific, Risk-Informed Decisionmaking:  Technical Specifications," and Regulatory 
Guide 1.174, "An Approach for Using Probabilistic Risk Assessment in Risk-
Informed Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, the 7 day Completion Time can be justified by an acceptable alternate 
method, such as a regulatory commitment that an means to charge the batteries will 
be available that is capable of being supplied power from a power source that is 
independent of the offsite power supply.   

5. If the licensee requests a Completion Time greater than 2 hours for TS 3.8.4, 
Required Action B.1 or C.1, the licensee must demonstrate that the Completion Time 
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is appropriate for the plant in accordance with the guidance in Regulatory Guide 
1.177, "An Approach for Plant-Specific, Risk-Informed Decisionmaking:  Technical 
Specifications," and Regulatory Guide 1.174, "An Approach for Using Probabilistic 
Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the 
Licensing Basis."  

6. The cell resistance limits in existing SR 3.8.4.5 are relocated to the Battery 
Monitoring and Maintenance Program.  Licensees must provide a brief description of 
the basis for the cell connection resistance limit based on the vendor specification of 
inter-cell resistance, voltage drop at the connection, or overall battery resistance. 

7. In order to delete the SR 3.8.4.7 (now SR 3.8.4.3) Note "once per 60 months" 
restriction on performing the modified performance discharge test instead of the 
service test, the licensee must confirm that the modified performance discharge test 
completely encompasses the load profile of the battery service test and that it 
adequately confirms the intent of the service test to verify the battery capacity to 
supply the design basis load profile. 

4.7.2 Commitments 

1. The [2] amp float current value is an indication that the battery is [95] percent 
charged.  The licensee must provide a regulatory commitment to maintain a 
[5] percent design margin for the batteries. 

2. The licensee-controlled program, required and described in TS Section 5.5, 
"Programs and Manuals," and titled the "Battery Monitoring and Maintenance 
Program," will require verification of the selection of the pilot cell or cells when 
performing SR 3.8.6.5. 

5.0  Regulatory Analysis 

5.1 No Significant Hazards Consideration 

The TSTF has evaluated whether or not a significant hazards consideration is involved 
with the proposed generic change by focusing on the three standards set forth in 10 CFR 
50.92, "Issuance of amendment," as discussed below: 

1. Does the proposed change involve a significant increase in the probability or 
consequences of an accident previously evaluated? 

Response:  No.   

The proposed changes restructure the Technical Specifications (TS) for the direct 
current (DC) electrical power system . The proposed changes add actions to 
specifically address battery charger inoperability. The DC electrical power system, 
including associated battery chargers, is not an initiator of any accident sequence 
analyzed in the Updated Final Safety Analysis Report (UFSAR). Operation in 
accordance with the proposed TS ensures that the DC electrical power system is 
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capable of performing its function as described in the UFSAR. Therefore, the 
mitigative functions supported by the DC electrical power system will continue to 
provide the protection assumed by the analysis. 

The relocation of preventive maintenance surveillances, and certain operating limits 
and actions, to a newly-created licensee-controlled Battery Monitoring and 
Maintenance Program will not challenge the ability of the DC electrical power system 
to perform its design function. Appropriate monitoring and maintenance, consistent 
with industry standards, will continue to be performed . In addition, the DC electrical 
power system is within the scope of 10 CFR 50.65, "Requirements for monitoring the 
effectiveness of maintenance at nuclear power plants," which will ensure the control 
of maintenance activities associated with the DC electrical power system . 

The integrity of fission product barriers, plant configuration, and operating 
procedures as described in the UFSAR will not be affected by the proposed changes. 
Therefore, the consequences of previously analyzed accidents will not increase by 
implementing these changes. 

Therefore, the proposed change does not involve a significant increase in the 
probability or consequences of an accident previously evaluated. 

2. Does the proposed change create the possibility of a new or different kind of accident 
from any accident previously evaluated? 

Response:  No.   

The proposed changes involve restructuring the TS for the DC electrical power 
system.  The DC electrical power system, including associated battery chargers, is not 
an initiator to any accident sequence analyzed in the UFSAR. Rather, the DC 
electrical power system is used to supply equipment used to mitigate an accident. 

Therefore, the proposed change does not create the possibility of a new or different 
kind of accident from any accident previously evaluated. 

3. Does the proposed change involve a significant reduction in a margin of safety? 

Response:  No.   

The margin of safety is established through equipment design, operating parameters, 
and the setpoints at which automatic actions are initiated. The proposed changes will 
not adversely affect operation of plant equipment. These changes will not result in a 
change to the setpoints at which protective actions are initiated.  Sufficient DC 
capacity to support operation of mitigation equipment is ensured. The changes 
associated with the new battery maintenance and monitoring program will ensure that 
the station batteries are maintained in a highly reliable manner. The equipment fed by 
the DC electrical sources will continue to provide adequate power to safety related 
loads in accordance with analysis assumptions. 
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Based on the above, the TSTF concludes that the proposed change presents no significant 
hazards consideration under the standards set forth in 10 CFR 50.92(c), and, accordingly, 
a finding of "no significant hazards consideration" is justified. 

5.2 Applicable Regulatory Requirements / Criteria 

The following NRC requirements and guidance document are applicable to the review of 
the proposed change. 

Title 10 of the Code of Federal Regulations (10 CFR) Part 50 Appendix A, General 
Design Criterion (GDC) 17, "Electric power systems," requires, in part, that nuclear  
power plants have onsite and offsite electric power systems to permit the functioning of 
structures, systems, and components (SSCs) that are important to safety. The onsite 
system is required to have sufficient independence, redundancy, and testability to 
perform its safety function, assuming a single failure. The offsite power system is 
required to be supplied by two physically independent circuits that are designed and 
located so as to minimize, to the extent practical, the likelihood of their simultaneous 
failure under operating and postulated accident and environmental conditions. In 
addition, this criterion requires provisions to minimize the probability of losing electric 
power from the remaining electric power supplies as a result of loss of power from the 
unit, the offsite transmission network, or the onsite power supplies. 

GDC 18, "Inspection and testing of electric power systems," requires that electric power 
systems that are important to safety must be designed to permit appropriate periodic 
inspection and testing. 

10 CFR 50.63, "Loss of all alternating current power," requires that each light-water 
cooled nuclear power plant licensed to operate must be able to withstand for a specified 
duration and recover from a station blackout (SBO). 

10 CFR 50.36, "Technical specifications," requires a licensee’s TSs to establish limiting 
conditions for operation (LCOs), which include completion times (CTs) for equipment 
that is required for safe operation of the facility. 

10 CFR 50.65, "Requirements for monitoring the effectiveness of maintenance at nuclear 
power plants," requires that preventive maintenance activities must not reduce the overall 
availability of the SSCs. 

In conclusion, based on the considerations discussed above, (1) there is reasonable 
assurance that the health and safety of the public will not be endangered by operation in 
the proposed manner, (2) such activities will be conducted in compliance with the 
Commission’s regulations, and (3) the approval of the proposed change will not be 
inimical to the common defense and security or to the health and safety of the public. 

6.0  Environmental Considerations 

A review has determined that the proposed change would change a requirement with 
respect to installation or use of a facility component located within the restricted area, as 
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defined in 10 CFR 20, or would change an inspection or surveillance requirement.  
However, the proposed change does not involve (i) a significant hazards consideration, 
(ii) a significant change in the types or significant increase in the amounts of any 
effluents that may be released offsite, or (iii) a significant increase in individual or 
cumulative occupational radiation exposure.  Accordingly, the proposed change meets the 
eligibility criterion for categorical exclusion set forth in 10 CFR 51.22(c)(9).  Therefore, 
pursuant to 10 CFR 51.22(b), no environmental impact statement or environmental 
assessment need be prepared in connection with the proposed change. 
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ENCLOSURE 1 
 

Battery Primer for Nuclear Power Plants 
01/07/2000 

 
Purpose: 
 
At the request of NEI & EXCEL, a Primer for decisions relative to Batteries & DC 
systems follows. The Primer discusses the difference between operability of the DC 
system and various battery performance parameters and suggested maintenance 
activities, identified in IEEE 450. The discussion provides technical rationales for 
preparation of the Tech Spec Bases.  It includes lessons learned from battery 
manufacturers, battery experts, technical papers, experience, field and laboratory 
tests, and discussions at SCC 29 and the IEEE 308 working group, SC 4.1.  The 
discussion supplements prior discussions held between John Coyle, Kurt Uhlir, Kyle 
Floyd, Bob Beavers, Dan Williamson, John Knox, Saba Saba, and Nanette Gilles 
during an IEEE SCC 29 Nuclear Task Force review of several drafts of DC Technical 
Specifications. 
 
References, Communications & papers: 
 
1) Storage Batteries, George Wood Vinal, June, 1967.  Library of Congress #54-

12826 
2) IEEE 450 -1995 
3) IEEE 485 - 1997 
4) IEEE 308 Interpretation  (See Enclosure to this Attachment) 
5) Return to Service white paper by Kyle Floyd 
 
Assumptions, Rules, Design Criteria: 
 
The Discussions centered around battery systems commonly found in Nuclear Power 
plants serving as 1E backup power for safety related systems. 
 
1)  The battery grid has a flat plate lead calcium or flat plate lead antimony 

construction. 
2)  The active component of the Positive Plate, when charged, consists of lead 

dioxide. 
3)  The active component of the Negative plate, when charged, consists of lead 

oxide. 
4)  The Cells of the Battery are vented to atmosphere. 
5)  The Cells of the Battery are flooded with electrolyte. 
6)  The battery has a rubber or plastic separator. 
7)  The positive plate material is covered by a mat on both sides.  The mat 

maintains electrical contact between loose lead dioxide particles and the 
positive plate. 

8)  The nominal Specific gravity added to the Cell when filled is 1.215 plus .010 
minus .005. 

9)  When a cell has no current flow, it is at it’s open circuit potential.  At any voltage 
above this potential, the plates are charging.  At a potential below this voltage, 

TSTF-500, Rev. 2



Battery Primer 2 Attachment 1 

the plates have been discharged.  The open circuit voltage of a cell with 1.215 
specific gravity uniformly mixed, is approximately 2.061 volts. E(open circuit) = 
approximately 0.846 + SG.  The equation that approximates the open circuit 
voltage is defined by the Nernst Equation.  The NERNST equation provides a 
theoretical voltage for an ideal battery with no current flow.  It can be expressed 
as a ratio of tetravalent lead ions to divalent lead ions. 

 
 Nernst Equation  (Vinal, pg. 179, equation 9) 
 
 E=E0 + [(R x T) /( 2 x F)] ln [Pb4+ / Pb2+] =  1.87 + .029 log [Pb4+ / Pb2+] 
 
 The equation can be restated as internal (open circuit) cell voltage = base cell 

voltage plus [(Universal Gas Constant x Temperature)/(2 x Faradays constant)] 
x natural log of the ratio of the concentrations of the reactants (active material).  
As temperature rises the cell voltage rises.   P 

 
 The equation can be used to plot the open circuit voltage over a range of 

reactants.   As the ratio of the reactants increases, the cell voltage rises as the 
natural log of the ratio. [1/1 = 0, 10/1 = 2.3, 100/1 = 4.6, 1000/1 = 6.9].  

 
 Reactant Ratio E (volts) 
  1 1.87 
  10 1.99 
  100 2.00 
  1000 2.07 
  10000 2.14 
 
 As Acid concentration increases, hydroxl ions decrease (OH- decreases, PH 

lowers). As OH- decreases, tetravalent lead ions increase w. The ratio increases 
and voltage rises. (Vinal, pg. 190) 

 Estimated and Measured values for the density of specific gravity to E 
(25 degrees C) are provided below. (Vinal, pg. 192, Table 39)  The relationship 
between E and the specific gravity is established at the gravity of interest, 
1.215. 

 
SG %H2SO4 Estimated E Measured E Measured E - SG 
1.03 4.55 1.878 1.878 
1.05 7.44 1.905 1.907 
1.1 14.72 1.960 1.961 
1.15 21.38 2.005 2.006 
1.2 27.68 2.048 2.049 .849 
1.25 33.8 2.095 2.095 .845 
1.28 37.4 2.125 2.125 .845 
1.30 39.7 2.144 2.144 .844 
 
To find the voltage for 1.215 specific gravity, the value ( x volts) is extrapolated 
between a battery with a 1.2 specific gravity (.849 volts) and a battery with a 
1.25 specific gravity (.845 volts).  Solving for x: 
 (.849 - .845) / (1.2 - 1.25) = (.849 - x ) / (1.2- 1.215) 
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     x = .846 
 .846 + 1.215 =  2.061 volts  (approximately 2.06 volts) 
 

 The plates are charging above 2.06 volts. The plates have discharged 
when below 2.06 volts.  The cell is fully charged at 2.06 volts. 

 
10)  Negative Plate pellets (PbO or Sponge Lead) shrink over time. Organic or 

Inorganic Expanders are used to maintain the pellet size and grid contact.  The 
expander changes the polarization of the Positive and Negative plates resulting 
in undercharging of the positive plate. Small amounts of Platinum (or other 
substances) are added to the electrolyte at the time of initial charge.  The 
Platinum is attracted to the surface of the negative plate and intermingles with 
the PbO. The Platinum maintains the correct negative polarity, and 
consequentially the correct positive plate polarities.  This assures consistent 
charging over time.  As the battery ages the Platinum molecules are over-plated 
and it’s stabilizing influence diminishes.   

11)  The battery is normally in the float voltage range recommended by the 
manufacturer.  This range maintains the plates in a condition that the polarity of 
the positive & negative plate does not convert from lead dioxide/oxide to lead 
sulfate & the grid life is 20 years. 

12)  A cell, when removed from charge with no load  (open circuited) will gradually 
drift from the potential that it was at to the open circuit voltage.  A battery 
removed from charge that is supplying loads will drop quickly to less than 2.0 
volts per cell.  

13)  The battery performance is generally limited by the charge on the positive plate.  
The charge on the positive plate is important.  There is usually excess sulfuric 
acid (electrolyte) and excess negative plate material available for the chemical 
reaction in the design of the cell.  Establishing a small positive polarity will retard 
self discharge for a significant length of time. 

14)  The battery is sometimes placed in equalization to mix the sulfuric acid or 
establish correct polarities on the plates and balance cell potentials in the string.  
This results in higher currents. 

15)  The current drawn by a charged battery is determined experimentally.  It is 
displayed in a Tafel curve.  

16)  Any voltage greater than or equal to the open circuit voltage for each cell 
provides assurance that the cell is not discharging.  Localized discharges may 
occur due to internal conduction paths.  This is acceptable because the 
localized discharge does not affect a significant percentage of the material.  
When the cell discharges it follows the Nernst equation.  The voltage drops 
logarithmically as the ratio of the reactants is converted to lead sulfate.  

17)  The qualified life of the battery is greater than 20 years.  
18)  The limiting component in the aged battery is the grid.  The failure is due to 

corrosion of the grid.  This increases the resistance of the grid and limits the 
current available from the battery. 

19)  Other degraded conditions may exist in a battery cell beyond the loss of the 
conduction path.  These do not result in a performance decrease as significant 
as a loss of conduction.  

 After the battery is charged, sulfation develops due to low cell voltage. 
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 Minor internal conduction paths develop between the positive and negative 
plates.  This includes treeing, mossing, material deposits in the bottom of the 
jar, and separator failures. 

 The external connections of the battery cells corrode. 
 The electrolyte evaporates. 
 The spark arrestor vent path is bypassed by additional vent paths to 

atmosphere. 
20)  When the battery is discharged, the bottom of the plates provided the majority 

of the chemical reactants.  The sulfuric acid is denser at the bottom of the plate.  
This effect has been seen in numerous cell teardowns.  When electrolyte levels 
are low, slightly below the top of plates there is little change in capacity.    The 
density of the acid increases with evaporation.  This increase, more than offsets 
the slight decrease in surface area. The loss of electrolyte provides a small loss 
in long rate (20 hour) capability and provides a boost in short term high rate 
capability. 

21)  Equalization of the battery results in gas developing on the cell plates.  High 
rate discharges are affected by about 2%.  Equalization voltages increase water 
usage, increase grid corrosion, and age the positive plate active material.  The 
battery should not be kept on the permanent equalize state. 

22)  The battery ratings are established by test and include the coup de foet effect.  
The coup de foet is the initial reluctance of the battery to respond to an initial 
application of a load.  The battery is sized using IEEE 485 methodology and the 
manufacturer’s rating curves. 

23)  In Technical Specifications, when equipment is inoperable, time limits are 
imposed which ensure the equipment is restored to an operable status or the 
system & plant are placed in a safe status.  While in these time periods, the 
single failure criterion does not apply.  Credit may be taken for all operable 
redundant equipment to safely shutdown the plant. 

24)  The Units that adopt the Technical Specifications with operability limits will 
adopt procedures and programs, which use IEEE 450 recommended practices 
& limits for evaluating the battery to the Maintenance Rule. 

25)  The Design Basis Accident bounds the radiological release to the public. 
26)  The 1E battery is sized to a specific load profile for the Design Base Accident.  
 During other accidents and events with lower radiological releases, the load 

may vary from the Design Base Event at any specific time, specific components 
may require more or less voltage, the amp-hours removed from the battery may 
be greater or less than the Design Base Accident as a function of charger return 
to service time, running load, and operator actions.   The conditions prior to the 
onset of the event may differ from those assumed for the Design Base Accident; 
electrolyte temperature may be more favorable, normal equipment availability 
and operating conditions may be assumed, and the requirement to consider a 
single failure may not be applicable. The Examples of the less bounding events 
are Fire Safe Shutdown scenarios, Station Black Out, and high energy line 
breaks. 

27)  Although the charger may be restored quickly, the battery, alone, is designed   
to energize the required safety loads and other non-shed non safety loads 
required for the Design Basis Accident.  The safety related loads will be capable 
of performing their design function.  The design shall preclude non-shed non 
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safety loads from operating in a manner that would prevent the safety related 
loads from performing their safety function. 

28)  The battery shall be sized for design environmental conditions, specifically low 
electrolyte temperature, under which the discharge battery is expected to occur.   

29)  Battery degradation is monitored through capacity testing.  The battery is 
oversized a minimum of 125%. Reduction of the battery capacity below 80% 
indicates that a margin review should be made to determine if the battery will is 
capable of supplying the loads present during a Design Base Accident.  Margin 
would indicate that the battery is capable of fulfilling it’s safety function. 

30)  Capacity testing evaluates the battery active components.  It should be 
performed near the highest state of charge reasonably achieved in service. 

31)  The level of charge is evaluated by measuring current at a specific voltage, 
typically float voltage in normal operation or equalize voltage while recharging.  
When the charger is switched from equalize to float, charging current will 
decrease.  A typical Tafel curve would suggest that float current will be 10 to 
20% of the current in equalize.  

32)  Battery degradation is monitored through cell parameters.  When cell 
parameters are slightly outside of specification, it indicates a insignificant or 
small loss of capability.  

33)  When not in the Design Base Accident, the battery shall support the charger 
when the charger is energized.  Peak loads exceeding the charger’s current 
limit, may be provided by the battery. 

34)  Due to the complexity of the charging system and it’s power sources, the 
availability of the charger to perform it’s safety function is different from the 
battery.  The battery reliability is higher than the charger.  The maintenance 
actions required to return a charger to service are more complex than returning 
a battery to service.   Core Damage frequency is reduced by designing the DC 
system to perform the Design Base Accident on the battery alone, and allowing 
longer out of service times for the battery charger.  The performance of the 
charger is enhanced by allowing Out of Service times sufficient to plan, identify 
problems, perform maintenance activities, and verify performance of the charger 
under a reasonable time frame. 

35)  A battery charger’s safety function is to maintain the battery in a state of 
readiness, charged sufficiently to supply the loads required during the Design 
Base Accident.  

 The capacity of each battery charger shall be based on the largest combined 
demands of the various continuous steady state loads.  

36)  A battery charger’s safety function is to stabilize the discharge of Design Basis 
Accident 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.   
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37)  The battery charger shall also be capable of charging the battery at completion 
of the accident after normal environmental conditions (approximately 77 
degrees F) have been restored.  Although the charger may be capable of 
providing charging current at cold temperatures, a cold battery will not accept 
the charge.   As a minimum, the charger should be capable of providing it’s 
necessary current at low float voltage.  It is acceptable to show by test that the 
charger will restore the battery to a state of readiness, in which the stored amp-
hours are sufficient to meet the Design Base Accident current profile, 
maintaining the terminal voltage above that required by the DC system and 
components.  

 The level of charge required to be restored by the charger is that charge which 
would be sufficient to maintain bus voltages while perform the bounding design 
base discharge. The time period considered for sizing the charger may be 
established using IEEE 946 methodology. This methodology assumes that the 
battery accepts all of the charge at the rating or current limit of the charger.  
This bounds the maximum current and the charger can be expected to supply.  
The maximum current ensures that the charger rating is adequately sized.  The 
time period for actually charging the battery is expected to be larger, due to the 
response of the battery cells.  Typical cells decrease the current they will accept 
exponentially, between 60 and 80 percent charge.  The total energy returned to 
the charger is equivalent to the previous method, current is lowered as time 
increases.  The time period for restoring the battery is dependent on 
temperature, the charger current limit, the charger voltage, and the depth of 
discharge and the battery cell condition. 

 The capacity of each battery charger shall be based on charging capacity to 
restore the battery after the bounding design basis event discharge to a state 
that the battery can perform its design basis function regardless of the status of 
the plant. The time period considered for sizing the charger shall be as stated in 
the design basis of the plant.   
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38)  Battery current, when charged using constant voltage, has an exponential form. 
Examples of constant voltage charging are provided below. 

Recharge Curve 
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 For a given depth of discharge, the recharge voltage determines the length of 

time in current limit.  While in current limit the battery is converting the returned 
amps efficiently into stored energy.  Some thermal losses exist.  Between 60 
and 80% of charge the battery cell voltage rises to the charging voltage and the 
current reduces exponentially.  As the cell voltage approaches the charging 
voltage, efficiency in converting to stored energy decreases and gasses form.  
Maintaining the charger at high voltage returns the charge rapidly, however cells 
at voltages near the lower range of float voltage will also return the energy to 
the stored condition. 

 Recharge data has been analyzed for 250 VA batteries.  Recharges to the point 
when the trickle charge was less than 1 amp with float voltage at the low end of 
the float voltage range, enabled batteries to be at 98 % of the charge possible.  
At low float voltage, 2 amps is appropriate for cells with 8 hour capacities of 
1000 AH or larger. 

 
 Charging data has been provided by Yuasa for 50 Amp-Hour and 150 Amp-

Hour cells.  The CC-3 is charged at the high end of the float voltage range & the 
CC-9 is charged at the low end of the equalization range.  Both indicate 
recharges of near 100% or greater for low float current.  These are provided in 
an attachment to this Primer. 
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 The IEEE SCC 29 reviewed and endorsed Kyle Floyd’s Return to Service white 
paper.  It analyzes when a battery has available 95% of its charge based on the 
charger’s rating.  Although actual current limits are slightly greater than the 
charger rating, the charger rating is typically used to evaluate the recharge time.  
The paper establishes that 95% of the charge has been replaced when the 
charge current reaches 13% of the charger rating when measured at equalize 
voltage.  Most batteries, when charged after a capacity test, are charged at the 
equalize voltage.  This ensures that, for the same depth of discharge, the 
charger stays in current limit longer than when charged at low float voltage.  A 
greater percentage of the amp-hours are thus returned in the current limit phase 
of the charge. 

 Examples of the charging current at 2.33 volts per cell, which would indicate 
95% charge has been returned are provided for different rating chargers. 

 
 Charger Rating (Amps) Charging Current (Amps @ 2.33 VPC, 95% charge) 
 50 6 
 75 9 
 100 13 
 150 19 
 200 26 
 300 39 
 400 52 
 500 65 
 600 78 
 
 To achieve the above results, it is also acceptable to leave the charger in the 

float mode until it comes out of current limit, then switch to the equalize mode.  
The charger current will then rise to current limit again. 
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Attachment to Enclosure 1 

 
 
March 21, 1999 
TO: J.K. Coyle 
PECo Energy 
 
SUBJECT: Interpretation of Standard 308-1991 
 
The following is the response to your Request for Interpretation of Standard 
308-1991. It is the result of your meeting with Nuclear Power Engineering Committee 
SC4.1 Working Group for IEEE 308. The response has been approved by the full 
committee. 
 
The paragraphs cited have been reviewed and found to give a clear set of 
requirements except for Paragraph 6.3.4(3). To clarify the paragraph, it should be 
interpreted as follows: 
 
"Section 6.3.4(3) Capacity: The capacity of each battery charger shall be based on 
the largest combined demands of the various continuous steady state loads plus 
charging capacity to restore the battery after the bounding design basis event 
discharge to a state that the battery can perform its design basis function regardless 
of the status of the plant. The time period considered for sizing the charger shall be as 
stated in the design basis of the plant." 
 
The standard is undergoing a revision at this time. The words developed to provide 
the interpretation will be considered in the revision process. 
 
Very Truly Yours, 
 
Britton P. Grim 
Chairman, PES NPEC 
 
~~~~~~~~~~~~~~~~~~~~~~ 
(Note added by J. Coyle) 
At the time this response was prepared, the working group of this response were 
asked to define the term “status” in the phrase “regardless of the status of the plant”.  
The members of the working group defined this term as the plants “operational 
condition”, e.g. OPCON 1 through 5(6), but would not permit the use of a term used in 
Technical Specifications within the standard. 
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A Proposed Method for Selecting the Return to Service Current Limit 
for Safety-Related Batteries 

 



ASSESSMENTOF LEAD-ACID BATTERY STATE OF CHARGE
BY MONITORING FLOAT CHARGING CURRENT

Kyle D. Floyd

Z. Noworoiski

- SouthernCompanyServicesInc.,
P. 0. Box 2625,Birmingham,AL 35202USA

- PolytronicsEngineeringLtd., 5200Dixie RoadUnit 18
Mississauga,OntarioL4W 1E4 CANADA

J.M. Noworolski - University of Berkeley,Berkeley,CaliforniaUSA

W. Sokolski - OntarioHydro, Toronto, CANADA

INTRODUCTION

Thereare two methods forassessingthe state of
chargeof a lead-acidbattery discussedin the latest
IEEEstd. 450[1}. Themostcommonmethodusedin
the pasthasbeenelectrolyte specific gravity (S.G.)
measurementreadings taken with a hydrometer
from one or more cells of the battery. The other
methodto determinethebatterystateof chargeis the
useof a stabilizedcharging(float) currentmeasured
with a sensitive clamp-on ammeteror a suitable
shuntand voltmeter. Severalchangeswithin the
battery usercommunity have now madethe use of
specific gravity readingsvery costly in some cases
and impossiblein others. For example,some users
have turned to automaticmonitoring systemswith
remote reporting capabilities to routinely collect
battery data. There is only one knownmonitoring
system that has provisions to measure specific
gravity. It is still beingtestedand may not be cost
effective for many small battery installations.In
addition, some of these installations have valve-
regulatedlead-acid(VRLA) batteries whichhaveno
provisionfor measuringspecific gravity. In fact, the
electrolyteis immobilized,making the measurement
of specific gravity impossible. With the large
numbersof VRLA batteriesnowin serviceandbeing
sold today, the use of the float current method of
assessingstateof chargeis expectedto increase.

In 1988 oneuser of flooded lead acidbatteriesin a
nuclear plant began to measurefloat current in
addition to S.G. readings.A total of 780 cells were
monitored. The results of this experience are
summarizedin this paper. A reviewof someof the
electrochemistryinvolved is alsopresented.

The analysisof the collecteddata has led to the
conclusion thatfloat current monitoringis preferred

over specific gravity readingsfor assessingthe state
of chargeof a lead-acidbattery. Now the problem
turns to the availability of cost-effective,accurate
provisionsfor measuringfloat current. Thelast part
of this paper presents a test instrument design
specificallyfor takingfloat currentreadings.

FIELD DATA/EXPERIENCE SUMMARY

In 1988,onenucleargeneratingstationbegantaking
battery floatcurrentreadingsalongwith the routine
specific gravity readings. Shuntswere already
installedin the circuits suchthat the current intoor
out of the battery could be measured.A portable
microvoitmeterwas usedto takethe readings.After
consultingthebatterymanufacturersin 1988, initial
ceiling values of 1 ampereand 0.5 amperewere
establishedfor the larger station batteriesand the
smallerdieselgenerator batteries,respectively.These
current values were believed to give reasonable
assurancethat thebatterieswerefully charged.

Float current readingswere added to the weekly
surveillanceproceduresfor 9 batteriesconsistingof a
totalof 780 cells.The overall terminalvoltage,float
current, and corrected specific gravity are
summarizedin the tables belowfor batteriesS1B,
S2A, and DG2A. This data is typical for the other
batteries.The nominal 8-hour ampere-hourratings
of the batterieswere 2400, 1650,and340 (410) for
batteries SiB, S2A, and DG2A respectively.
BatteriesSiB andS2A each have120 lead-calcium
cells with 1.215 nominal specificgravity electrolyte.
Battery DG2A had 60 lead-antimonycells with
1.215 nominal specific gravity until replaced with
410ampere-hour lead-calciumcells inApril 1992.
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BATTERY SiB DATA

BATTERY
VOLTAGE

(Volts)

FLOAT
CURRENT

(Amps)

CORR.
SPEC.
GRAV.

MINIMUM 132.1 0.12 1.205

AVERAGE 134.7 0.43 1.211

MAXIMUM 135.4 0.84 1.227

STD.DEV. 0.61 0.14 0.005

BATTERY S2A DATA

BATTERY
VOLTAGE

(Volts)

FLOAT
CURRENT

(Amps)

CORR.
SPEC.
GRAV.

MINIMUM 132.4 0.06 1.198*

AVERAGE 134.5 0.50 1.217

MAXIMUM 140.0 2.2* 1.232

STD.DEV. 0.69 0.22 0.004

Note: The valuesmarkedwith an asterisk(*) arerelated to a
partial dischargeof thebatteiyin July 1992 due to a
charger failure.

BATTERY DG2A DATA

BATTERY
VOLTAGE

(Volts)

FLOAT
CURRENT

(Amps)

CORR.
SPEC.
GRAy.

MINIMUM 130.0 0.08 1.206

AVERAGE 131.0 0.25 1.219

MAXIMUM 134.6* 0.48 1.234

STD.DEV. 1.29 0.08 0.006

Note: The value markedwith an asterisk(*) is due to the
changein float voltagemade whenthe lead-antimony
cells were replacedwith lead-calciumcells in April
1992.

Several observationsmay be madefrom an analysis
of the detailed data aswell as the statistical data
tabulatedabove. The detail data showsvery little
correlationbetween thespecific gravity readingsand
the actualstateof chargeat agivenpoint in time. As

definedin IEEE Std450[1], the batteryis considered
chargedwhen the float current has stabilized (no
significant changefor 3 hours) at the float voltage.
This was routinely confirmedduring each recharge
after loaddischarge testingon manybatteries.

As away of illustrating the chargingcycle, let’s look
at a typical example.Typical data for the recharge
following a performance testfor a lead-calcium
batteryis shownin Figure1.

120 • 1.21~~::~ :~ 1.2

~~J.~::r:r:I:I:IiI:I11::IIiII:IIIxI1:III Ill 1.18

1.17

0 5 10 15 20 25

>

~

liME IN HOURS

~BAT.AM~S 4SPEC. GRAV..~AMD~HRIN I
100%BAT. AMPS = 400; 100% AMP-HR IN = 1323J

Fig.1 Rechargeafter PerfonnanceTestofBatteiy S2A

The high initial current(>400A),limited only by the
currentlimit settingof thecharger, flowsfor about3
hours.Thereis then arapiddrop in currentfollowed
by a transitioninto a slowly decayingcurrent.Over
100%of the discharge ampere-hourswere returned
within 3 hours, but it was not until after 17 hours
thatthe chargingcurrent stabilized.Notice that the
specific gravity readingis only at 1.205at 24 hours,
7 hours after the chargingcurrent has stabilized.
This is still 10 pointsbelow thenormal, full-charge
specificgravity of 1.215.

From the exampleabove, it should be clear that
chargingcurrentrespondsmore quicklythanspecific
gravity readingsto changesin the state-of-charge
and providesa better indication of a return to full
charge.

Givenonlythe “snapshot”weeklypilot-cell readings,
amuch betterassessmentof state of charge canbe
madewith float current than with specific gravity.
Theseobservationsarealsosupportedby the battery
systemoperation reviewgivenbelow.
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A few key points concerning battery system
operationare summarizedhere. In float operation,
the battery, charger, and loads are connectedin
parallel, The chargernormally supplies theloads
andthe float current intothe battery. If the charger
output is lost or inadequateto supply the loads, the
battery immediately supplies the requiredcurrent.
Normal house loads on the diesel generatorand
station batteries arein the range of 10 to 100
amperes,respectively.Therefore, onalossof charger
output, the battery current immediately changes
direction and increases dramatically,at least by a
factor of 10. This dischargecurrent would continue
until the chargeroutput is restoredor the batteries
are fully discharged. If the battery has been
dischargedand thenplacedon charge,the battery
current will initially increase in the charging
direction and remain significantly higher(ampsvs
milliamps) than normal until the charge hasbeen
returned.The relativemagnitude anddirection of the
battery(float)currentin conjunctionwith the battery
terminal voltage provides a timely, accurate
indicationof state-of-charge.

One last observationconcerningthe float current
data should be made. The ceiling value for float
currentmustbe selectedto allow for the variations
expectedduring normal operation. Since thefloat
current reading will increase dramatically for a
partially dischargedbattery,somecushionabovethe
normal “rated” float current is possibleand even
desirable.The statisticaldatashowsthat theaverage
float current plus2.5 standarddeviationswas under
the ceiling valueon all the batteries.The detailed
data from battery S2A taken during the partial
dischargealsoshowsthatevenforpartial discharges,
the float current increasesdramaticallyto correctly
alertthe userto possibleproblems.

ELECTROCHEMICAL REACTIONS REVIEW
[2,3,4]

A review of some aspectsof the charge and
dischargereactionsof a lead-acid batterymay prove
helpful here. The double-sulfatetheory is now
commonly acceptedto describe thebasic chemical
reactionsoccurring within a lead-acid cellduring
chargeanddischarge.Thechemical equationbelow
expressestheoverall reactionsof thistheory.

Pb02 + Pb +H2S04 ~ 2PbSO4+ 2H20

Leaddioxide (PbO2)and spongelead (Pb) are the
active materialsin the positiveandnegativeplates,
respectively. The sulfuric acid (H2SO4) is the
electrolyte and the lead sulfate and water are
productsof the dischargereaction. The discharge
reaction goes from left to right and the charge
reactionfrom right to left. Both the platesandthe
electrolyteare involved in the reaction.Leadsulfate
is formed at both the positive and negative plates
duringdischargeandthesulfuric acid is convertedin
theprocess.

As notedabove,duringa discharge,the sulfuric acid
is being convertedto lead sulfate andwater at the
plates.The weaker acidfrom the platesdiffusesinto
the bulk electrolyte,decreasingthe specific gravity.
While charging,thelead sulfateis convertedbackto
plate active materials and sulfuric acid. It is
important to keep in mind that this reaction is
occurringin the active materialsof theplates, notin
the bulk electrolyte. As the acid within the plates
becomesmoredense,it leavesthe platesanddiffuses
very slowly through the electrolyte raising the
specific gravity of the bulk electrolyte to the full-
chargelevel. Any currentin excessof that required
to convert the availablelead sulfate goesinto the
electrolysisof water in the electrolyte,thusreleasing
hydrogenat the negativeplatesand oxygen at the
positiveplates. It is this gassingactionthathelpsto
mix theelectrolyte.Sinceboth dischargeandcharge
reactionsinvolve diffusion of the electrolyte, the
stateof charge indicatedby specific gravity readings
inherentlylags the actualstate of chargeof the cell,
especially during charge. In a lead-calciumcell,
which gassesmuch less than alead-antimonycell,
the mixing of the electrolyte is much more
dependenton diffusion, and the lag in specific
gravity readingsis morepronounced.

The open circuit voltage of a cell is directly related
to the specific gravity of the electrolyteand more
specifically to the acid concentrationin the active
materialsof the plates. Ina stabilizedcell, where the
electrolyte is homogeneous, thespecific gravity of
the bulk electrolyte is the same as that nearthe
plates.The open circuit voltage of a fully charged
cell with a nominal specific gravity of 1.215 is
approximately 2.06 volts. The voltage of a
dischargedcell will be lower. As soon as charging
starts,sulfuric acid is formed in the platesandthe

(1) cell voltage rises, opposing the applied charging
voltage. Conceptually,this processcan be explained
by equation(2) below.
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E-Eb
1=

R

Where:
I = chargingcurrent
E chargingvoltage
Eb =intemalcell voltage
R cellresistance.

(2)

The appliedvoltage “E” is held constantby the
charger.The cell voltage “Eb” is dependent onthe
concentrationof lead ions, divalentandtetravalent,
availablefor reaction. This relationshipis expressed
in the following equation,which has beenderived
from the Nernst’ equation. See reference[5~or
anotherelectrochemistrytextfor thederivation.

(Pb + + + +)
E~=1.87 + 0.O29log 2

(Pb++)

The quantities enclosed in parentheses are the
numberof lead ionsavailable forreactionand are
smallin number.The sourceof the tetravalentions
(Pb++++) is the small amountof the lead dioxide
that is ionized. The only source of divalent ions is
lead sulfatewhich is producedduring dischargeas
notedabove. The amountof lead sulfate within the
cell will be at a maximum when the cell is fully
dischargedand at aminimum whenfully charged.
Therefore,for a fully dischargedcell the cell voltage
will be at a minimum when first connectedto the
charger.The internalcell resistanceis a very low
valueanddoesn’tchangegreatlywhetherthe cell is
fully chargedor discharged,but it will be higherin a
fully dischargedcell. Referring to equation (2)
above, it can be seenthat the current will be at a
maximum under these conditions for a given
chargingvoltage. The dischargedcell continues to
charge at or nearthe maximum current available
from the chargeruntil the availablelead sulfate is
almostexhausted. Atthis point, thereductionin the
supply of divalent ions causesthe cell voltage to
increaseto a valueapproaching thatof the charger.
When all the available lead sulfate has been
converted, the cell is fully chargedand the only
current flowing is that required to overcomethe
self-discharge reactions at the plates and any
electrolysisof water causedby the applied voltage.
The charging current can be made up of three
components used in (l)recharging the cell by
convertinglead sulfate, (2)overcomingself-discharge
by maintaining proper plate potentials, and(3)

releasing gases through electrolysis of water.
Obviously,thefirst componentis the mostimportant
and, fortunately, it is the preferential chemical
reaction as well. The secondcomponentonly starts
after the cell voltagehasrisenabovethe opencircuit
value.The last componentis not desirable,but any
current in excessof that neededfor the first two
componentsis usedin thisway.

While equation (2) given above is helpful to
visualizewhat is happeningin the cell, it doeslittle
to quantify theresultsseenin thevoltageandcurrent
during charging, especiallyduring float operation.
Floatoperationis moreclearlydescribedusingTale!
linesasdescribed below.

On float charge,the currentflowing througha lead-
acid cell andthe appliedvoltage are relatedby its
Talel characteristics.A typical Talel line graph is

(3) showninFigure2.

- ~

Fig.2 Typical Tafel graph

Eachcell type will generallyhaveits own specific
graph.Thesegraphshave severallines showing the
relationshipof the cell voltage to the float current,
usuallygivenin microamperesper ampere-hourof 8-
hour rating. The positive and negative plate
polarizationvoltages arealso shown, but may be
ignored for our purposes.Knowing the applied
charging voltage and the cell nominal rating in
ampere-hours,one candeterminetheexpectedfloat
current for a given cell type. The actual installed
value of float current varies with temperatureand
age. Also some allowance must be made for
manufacturingtolerancesbetweencells.A portionof
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thisdataisconfirmedroutinely after the batteries are
assembledinto stringsprior to the factory capacity
test. Only the float current and cell voltages are
available, but this is all that is neededfor our
purposes. Using data obtained from the graphs
and/or factory records, ceiling values of
float(charging) current can be developed for
surveillancepurposes.The battery vendor canhelpin
selectingthesevalues.

Based on the experiencewith the use of both
methodsof determining thestate of charge of a
battery, we have determined that the charging
current method offers several advantagesover the
specific gravity method.Someof the advantages are
listedbelow.

1. Chargingcurrentis amoremeaningful indicator
thanspecificgravity sincecurrentis the primary
meansof delivering powerinto and out of the
battery.

2. Charging current responds more quickly to
changesin state-of-charge.In fact, the careful
selection of a ceiling current value is very
importantto allow for normal variations.

3. Charging current more closely reflects the
condition of the wholebatterythanthe specific
gravity ofapilot cell.

In conclusion,two methodsof determining thestate
of chargeof alead-acidbattery have been described
in some detail. One method of reading charging
current has been explained,while the results of
several years of using both methods has been
presented.Basedon the experiencegainedwith the
chargingcurrent method, the technicalbackground
andthe generaltrendwithin thebatteryindustry, we
recommend theuseof chargingcurrentto determine
the stateof chargeof a lead-acidbattery. While it is
true that not many battery systemswere initially
designed with provisions for reading charging
current,thereareothermeasurementtechniquesthat
would allow the retrofit of those systems. The
operationof onesuchtechniqueis described below.

INSTRUMENT OPERATION

The float currentin afully chargedbatteryis in the
milliamperesrangefor themorecommon sizes used
in stationary applications. Instruments used to
monitor this current must be capableof accurately
measuringthis small current and also be able to

withstandthe maximum batterycurrent without
damage.

The shuntandportablevoltmetermethodmaynot be
practicalor even possible for many applications.
Although Hall Effect meterswill withstand high
currents, accuratemeasurementsbelow a few
amperes aredifficult to obtain.

In additionto Hall Effectsensors,thereare methods
of resettingthe core of a current transformerand
measuringthe secondarycurrentimmediatelyafter a
resetpulse [6,8]. Since, initially the corewill be
fully reset, the secondarycurrentis directly propor-
tional to the primary current and canbe easily
measured. Withthe passageof time the corewill be
driven into saturationandwill loseits transformer
characteristics.The resetpulse is appliedagainand
the processis repeated.By using this method
measurementof DC currentcanbe easilyobtained.
However, the range of such a “DC current
transformer” is limited by the reset current pulse
amplitudeandlossesin the core. The applicationof
largecurrentsto the primary of such a transformer
will not destroy semiconductordevices on the
secondary.

The physical core size to be usedfor float current
measurementsmust be able to accept large
conductorscarryingfull dischargecurrent.Hencethe
core will be of significant dimensions. Sincecore
lossesdeterminethe lower end of current sensing
circuitry, it isdifficult to obtainreliableresultsusing
a “DC” current transformerwhen the primary
currentis lower thanafew tensof milliamperes.

____ measured current[~1Reve~]~SET circuit

Control
Figure3

Figure3 showsthedevice, operatingon the principle
of a saturable reactor oscillator,which addresses
some of these limitations. The measuredcurrent
passesthrough the centerof the ferrite core. The
winding of the ferriteitself is connectedto the core
SETcircuitry.
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The magnetization fluxmagnitudein the ferritecore
is the sumof flux generatedby the measuredcurrent
andtheflux of the SETwinding on theferrite.

Consideracasewhere themeasuredcurrentis equal
to zero. A voltage ~ is applied acrossthe SET
winding of the core. The current will startto rise
with the speedgivenby thefollowingequation.

diV~
dt

where:
VL= VoltageacrossSetwinding
L= InductanceoftheSetwinding

The magneticflux in the corewill startto rise and
after a certainamount of time, ts, will reach the
saturationpoint.

4xAxNx(B0 —B5)x108
ts= (5)

V

At this point, the current will increaserapidly, an
eventwhich can be easily detectedby the logic’s
circuitry.

Note that the time to reach saturation (ts) is a
function of the initial flux density. Naturally,this
impliesasimple dependenceon sensedDC current.
With a constantvoltage appliedto the set winding,
the time requiredto reacha saturationpoint will
dependon magnitude anddirectionof the sensedDC
current. For example, if the flux producedby the
sensedcurrent has the samedirection as the flux
producedby the SETwinding, ts will be shortened.

Of all analog values,time is the onewhich can be
measuredthe most accurately.With propersizing of
a sensing transformerwe can obtainquantizedts
valuesfor awide currentrange.

A particularproblemof this designis the influence
of other parameterson ts. In particular, when
attemptingto measurevery small currents,external
influencescan have a comparativelylargeinfluence

where:
ts= timerequired toreachsaturation
A= Cross-sectionofthecore[ ~2j
N = numberoftunis
V= applied voltage
Bo, Bs= initial and saturation fluxdensity[Gal

on ts. Someof the parasiticcontributors which we
have identifiedare:

• resistanceofthewinding andthe currentloop
usedto SETthecore

• residualmagneticfield in thecore
• externalmagneticfield
• noisein themeasuredconductor
• temperature

(4) Together, these parasitics significantly deteriorate
our signal-to-noiseratio (SNR). Figure4 presentsa
techniqueto reduce the influenceof many of the
aboveparasitics.

A known DCvoltageis appliedto the SETwindings
by a MOSFET switch, with an internal resistance
whichis very low comparedto the total resistanceof
the SETwinding. Oncethe resultingcurrent reaches
a referencevalue, the MOSFET is turned off,
allowing the ferrite core to reset. After a
predeterminedtime (which is not critical for
measurements),the MOSFET is turned on again
andtheprocessis repeated.

A microprocessormeasuresthe ON time of the
MOSFET and calculatesan average of many
measurements. AnaverageON time is storedby a
microprocessor. Next, the current direction in the
SETcoreis reversedandtheprocessis repeated.

The measuring,averaging and storing processis
repeated again.Finally, the differencebetween the
two averaged readings is calculated. This
“differential” result is proportional to the current
flowing through the sensewire. Note that this
differential technique greatlyreducesthe effects of
changesin temperature,voltageandresistance.The
only unbalancedinfluenceis the externalmagnetic
quasi-stationaryfield (eg. earth’s magneticfield).
The reduction of this error source is possibleby
placingadditional ferrite cores oneachsideof the
measuringcoreand conductingoffset measurements
during initial installation. Of course, in most

measured current

Figure4
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installations theerror contribution from external
magneticfields is negligible.Finally, high frequency
and low frequencynoise contributionsare greatly
decreased byuseof multiple averagedsamples.

It is interestingto note that whenthe measurement
currentis increasedover certainlevelswhich can be
detected by the method described,very small
modification will permitdetection of a largecurrent
flowing throughthe samecore.(Fig. 5)

Now the circuit will work on a differentprinciple.
The core will be resetonly in the directionopposite
to the measuredcurrent, and immediately after
resetting,the voltageacrossthe burdenresistorwill
be measured.Thesimple sampleandhold amplifier
will measure the current during the time
immediately precedingthe resetpulse, as described
in[7].

Furthermoreit is alsoworth observingthat the SET
pulsepresenton the secondaryof themeasuringcore
will, in fact, inject a much largercurrent into the
battery DC circuit. If the frequencyandcurrent of
this SET pulse is controlled and voltage
measurementsacross individualcells of the battery
are sampled with synchronous frequency,it is
possible to use such circuitry not only to measure
float andchargecurrentbut also internalimpedance
of individual cellswhenthebatteryis on float.

The Polytronics Engineering, BTM3000P battery
monitoring instrumentbasedon the aboveprinciple
is beingusedas a permanentlyinstalledmonitoring
systemon stationary andUPS batteries.This system
permits the observationa 1 mA float current change
on the 500 MCM conductorcablein the presenceof
thehigh ripple AC current normallypresenton UPS
batteryinstallations.

REFERENCES:

[1] IEEE Recommended Practicefor
Maintenance,Testing,and Replacementof

LargeLeadStoragebatteriesfor Generating
StationsandSubstations,IEEEStd. 450, 1987

[2] G. W. Vinal, Storage Batteries, Fourth
Edition, New York, John Wiley & Sons,
1955.

[3] E. A. Hoxie, “SomeChargingCharacteristics
of Lead-Acid Batteries”,A.I.E,E. Conference
Papert456-1036

[4} H. E. Haring and U. B. Thomas,
“Electrochemical Behavior of Lead, Lead-
Antimony, and Lead-Calcium Cells”,
Transactionsof the ElectrochemicalSociety,
Vol. 68, 1935.

[5] H. J. Creighton,Principles and Applications
of Electrochemisby,Vol I, Fourth Edition,
NewYork, JohnWiley, & Sons, 1951

[6] R. Severns, “Improving and Simplifying HF
DC CurrentSensors”,Conference Proceedings
of the 1986 IEEE Applied Power Electronics
Conference(APEC ‘86), pp. 180-183, New
Orleans,Louisiana,ApriuJMay 1986

[7] C. Sullender, “MagneticCurrent Sensorsfor
Space Station Freedom”, Conference
Proceedingsof the 1991 IEEE Applied Power
Electronics Conference(APEC ‘91), pp. 635-
641, Dallas,Texas.

[8] A. Radum and J. Rulison, “An Alternative
low-cost current-sensing schemefor high-
current power electronics circuits”,
ConferenceProceedingsof the 1990 IEEE
Industry Applications Society Annual
Meeting, pp. 619-625, Seattle,Washington,
October1990

[9] T. SonodaandR. Ueda, “ACurrent Sensorof
High Response and High Sensitivity”,
Conference Proceedingsof the 1990 IEEE
Industry Applications Society Annual
Meeting, pp. 626-631, Seattle, Washington,
October1990

[10] W. A. Geyger, “Dispozitive Magnetice
Neliniare”, Editura tehnica,Bucuresti,1968

Figure5

7

TSTF-500, Rev. 2



TSTF-500, Rev. 2 

 

Attachment A 

Revisions to Revision 3.1 of the ISTS NUREGs 

(NUREG-1430, -1431, -1432, -1433, and -1434) 



DC Sources - Operating 
3.8.4 

 
 

BWOG STS 3.8.4-1 Rev. 3.0, 03/31/04   

3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The Train A and Train B DC electrical power subsystems shall be 

OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, 3, and 4. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystemtrain] 
inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 7 days 

 
[ B. One [or two] batter[y][ies 

on one subsystemtrain] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 

 
[2] hours ] 

 
C. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
C.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 
[2] hours 

 
D. Required Action and 

Associated Completion 
Time not met. 

 

 
D.1 Be in MODE 3. 
 
AND 
 
D.2 Be in MODE 5. 
 

 
6 hours 
 
 
 
36 hours 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



DC Sources - Shutdown 
3.8.5 

 
 

BWOG STS 3.8.5-1 Rev. 3.0, 03/31/04   

3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  [DC electrical power subsystem shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown."] 

 
  [One DC electrical power subsystem shall be OPERABLE.] 
 
  -----------------------------------REVIEWER'S NOTE----------------------------------- 
  The second option above applies for plants having a pre-ITS licensing 

basis (CTS) for electrical power requirements during shutdown conditions 
that required only one DC electrical power subsystem to be OPERABLE.  
Action A and the bracketed optional wording in Condition B are also 
eliminated for this case.  The first option above is adopted for plants that 
have a CTS requiring the same level of DC electrical power subsystem 
support as is required for power operating conditions. 

  -------------------------------------------------------------------------------------------------- 
 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of [recently] irradiated fuel assemblies. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
LCO 3.0.3 is not applicable. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
trainsubsystem] 
inoperable. 

 
 AND 
 
 The redundant train 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 

 
2 hours  
 
 
 
 
 
 
Once per [12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
 

 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
[72] hours7 days ] 

 
B. One [or more] required 

DC electrical power 
subsystem[s] inoperable 
[for reasons other than 
Condition A. 

 
 OR 
 
 Required Action and 

associated Completion 
Time of Condition A not 
met]. 

 

 
B.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
B.2.1 Suspend CORE 

ALTERATIONS. 
 
      AND 
 
B.2.2 Suspend movement of 

[recently] irradiated fuel 
assemblies. 

 
      AND 
 
B.2.3 Suspend operations 

involving positive reactivity 
additions that could result in 
loss of required SDM or 
boron concentration. 

 
      AND 
 
B.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
 
Immediately 
 
 
 
 
 
 
 
Immediately 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Parameters 
 
--------------------------------------------------REVIEWER'S NOTE------------------------------------------------- 
Licensee's must implement a program, as specified in Specification 5.5.17, to monitor battery 
parameters that is based on the recommendations of IEEE Standard 450-1995, "IEEE 
Recommended Practice For Maintenance, Testing, And Replacement Of Vented Lead-Acid 
Batteries For Stationary Applications." 
------------------------------------------------------------------------------------------------------------------------------- 
 
 
LCO  3.8.6  Battery parameters for the Train A and Train B electrical power 

subsystem batteries shall be within limits. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] batter[y][ies 

on one trainsubsystem] 
with one or more battery 
cells float voltage < 
[2.07] V. 

 

 
A.1 Perform SR 3.8.4.1 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one trainsubsystem] 
with float current > [2] 
amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 

 
-------------------NOTE-------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 

 
D. One [or two] batter[y][ies 

on one subsystemtrain] 
with pilot cell electrolyte 
temperature less than 
minimum established 
design limits. 

 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 
12 hours 

 
E. One or more batteries in 

redundant subsystems 
trains with battery 
parameters not within 
limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem train to within 
limits. 

 
2 hours 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



Battery Parameters 
3.8.6 

 
 

BWOG STS 3.8.6-3 Rev. 3.0, 03/31/04   

ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
F. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more battery 
cells float voltage 
< [2.07] V and float 
current > [2] amps. 

 

 
F.1 Declare associated battery 

inoperable. 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE 
 

FREQUENCY 
 

 
SR  3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 
 

 
92 days 

 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in MODE 

1, 2, 3, or 4.  However, portions of the Surveillance 
may be performed to reestablish OPERABILITY 
provided an assessment determines the safety of 
the plant is maintained or enhanced.  Credit may be 
taken for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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5.5 Programs and Manuals 
 
5.5.17  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
 
   This Program provides for battery restoration and maintenance, based on [the 

recommendations of IEEE Standard 450-1995, "IEEE Recommended Practice 
for Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for 
Stationary Applications," or of the battery manufacturer] including the following: 

 
   a. Actions to restore battery cells with float voltage < [2.13] V, and 
 
   b. Actions to equalize and test battery cells that had been discovered with 

electrolyte level below the minimum established design limit. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment and preferred AC vital 
bus power (via inverters).  As required by 10 CFR 50, Appendix A, 
GDC 17 (Ref. 1), the DC electrical power system is designed to have 
sufficient independence, redundancy, and testability to perform its safety 
functions, assuming a single failure.  The DC electrical power system also 
conforms to the recommendations of Regulatory Guide 1.6 (Ref. 2) and 
IEEE-308 (Ref. 3). 
 
The [125/250] VDC electrical power system consists of two independent 
and redundant safety related Class 1E DC electrical power subsystems 
([Train A and Train B]).  Each subsystem consists of [two] 125 VDC 
batteries [(each battery [50]% capacity)], the associated battery charger[s] 
for each battery, and all the associated control equipment and 
interconnecting cabling. 
 

[ The 250 VDC source is obtained by use of the two 125 VDC batteries 
connected in series.  Additionally, there is [one] spare battery charger per 
subsystem, which provides backup service in the event that the preferred 
battery charger is out of service.  If the spare battery charger is 
substituted for one of the preferred battery chargers, then the 
requirements of independence and redundancy between subsystems are 
maintained. ] 
 
During normal operation, the [125/250] VDC load is powered from the 
battery chargers with the batteries floating on the system.  In case of loss 
of normal power to the battery charger, the DC load is automatically 
powered from the station batteries. 
 
The [Train A and Train B] DC electrical power subsystems provide the 
control power for its associated Class 1E AC power load group, [4.16] kV 
switchgear, and [480] V load centers.  The DC electrical power 
subsystems also provide DC electrical power to the inverters, which in 
turn power the AC vital buses. 
 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distributions System - Operating," and for LCO 3.8.10, 
"Distribution Systems - Shutdown." 
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BASES 
 
BACKGROUND  (continued) 

 
Each 125/250 VDC battery is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystem to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems, such as batteries, battery chargers, or 
distribution panels.] 
 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for Train A and Train B DC electrical power subsystems are 
sized to produce required capacity at 80% of nameplate rating, 
corresponding to warranted capacity at end of life cycles and the 100% 
design demand.  The minimum design voltage limit is [105/210] V. 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each Train A and Train B DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger also has 
sufficient excess capacity to restore the battery from the design minimum 
charge to its fully charged state within [24] hours while supplying normal 
steady state loads discussed in the FSAR, Chapter [8] (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 5) and  Chapter [15] (Ref. 6), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC sources is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining the DC sources 
OPERABLE during accident conditions in the event of: 
 
a. An assumed loss of all offsite AC power or all onsite AC power and 
 
b. A worst-case single failure. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 
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BASES 
 
LCO The DC electrical power subsystems, each subsystem consisting of [two] 

batteries, battery charger [for each battery] and the corresponding control 
equipment and interconnecting cabling supplying power to the associated 
bus within the train subsystem are required to be OPERABLE to ensure 
the availability of the required power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
(AOO) or a postulated DBA.  Loss of any train DC electrical power 
subsystem does not prevent the minimum safety function from being 
performed (Ref. 4). 

 
An OPERABLE DC electrical power subsystem requires all required 
batteries and respective chargers to be operating and connected to the 
associated DC bus(es). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, 3, and 4 to ensure safe unit operation and to ensure that: 
 
a. Acceptable fuel design limits and reactor coolant pressure boundary 

limits are not exceeded as a result of AOOs or abnormal transients 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 
The DC electrical power requirements for MODES 5 and 6 are addressed 
in the Bases for LCO 3.8.5, "DC Sources - Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one subsystem train with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability.   
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has is now 
been fully recharged capable of supplying the maximum expected load 
requirement.  The [2] amp value is based on returning the battery to 
[95]% charge and assumes a [5]% design margin for the battery.  If at the 
expiration of the initial [12] hour period the battery float current is not less 
than or equal to [2] amps this indicates there may be additional battery 
problems and the battery must be declared inoperable. 
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt Completion Time greater than 72 hours for 
Required Action A.3 will need to demonstrate that the longer Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications", and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, a 7 day Completion Time can be justified by an acceptable 
method, such as a regulatory commitment that an alternate means to 
charge the batteries will be available that is capable of being supplied 
power from a power source that is independent of the offsite power 
supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours 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 [72] hours day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and 1.174, "An Approach for Plant-
Specific, Risk-Informed Decisionmaking:  Technical Specifications." 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

------------------------------------------------------------------------------------------------- 
 
Condition B represents one train subsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
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results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that trainsubsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific Completion Times. 
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BASES 
 
ACTIONS  (continued) 

 
C.1 
 
Condition C represents one train subsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected trainsubsystem.  The 2 hour 
limit is consistent with the allowed time for an inoperable DC distribution 
subsystem train. 
 
If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery charger and 
associated inoperable battery), the remaining DC electrical power 
subsystem has the capacity to support a safe shutdown and to mitigate 
an accident condition.  Since a subsequent worst case single failure 
could, however, result in the loss of the minimum necessary DC electrical 
subsystems to mitigate a worst case accident, continued power operation 
should not exceed 2 hours.  The 2 hour Completion Time is based on 
Regulatory Guide 1.93 (Ref. 7) and reflects a reasonable time to assess 
unit status as a function of the inoperable DC electrical power subsystem 
and, if the DC electrical power subsystem is not restored to OPERABLE 
status, to prepare to effect an orderly and safe unit shutdown. 
 
 
D.1 and D.2 
 
If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the unit must be 
brought to a MODE in which the LCO does not apply.  To achieve this 
status, the unit must be brought to at least MODE 3 within 6 hours and to 
MODE 5 within 36 hours.  The allowed Completion Times are reasonable, 
based on operating experience, to reach the required unit conditions from 
full power conditions in an orderly manner and without challenging plant 
systems.  The Completion Time to bring the unit to MODE 5 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 7). 
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BASES 
 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended function.  Float charge 
is the condition in which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery and maintain the 
battery in a fully charged state while supplying the continuous steady 
state loads of the associated DC subsystem.  On float charge, battery 
cells will receive adequate current to optimally charge the battery.  The 
voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the minimum float voltage established by 
the battery manufacturer ([2.20] Vpc times the number of connected cells 
or [127.6] V for a 58 cell battery at the battery terminals).  This voltage 
maintains the battery plates in a condition that supports maintaining the 
grid life (expected to be approximately 20 years).  The 7 day Frequency is 
consistent with manufacturer recommendations and IEEE-450 (Ref. 8). 
 
 
SR  3.8.4.2 
 
This SR verifies the design capacity of the battery chargers.  According to 
Regulatory Guide 1.32  (Ref. 89), the battery charger supply is 
recommended to be based on the largest combined demands of the 
various steady state loads and the charging capacity to restore the 
battery from the design minimum charge state to the fully charged state, 
irrespective of the status of the unit during these demand occurrences.  
The minimum required amperes and duration ensures that these 
requirements can be satisfied. 
 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period if sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 
 
 
SR  3.8.4.3 
 
A battery service test is a special test of the battery capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length should correspond to 
the design duty cycle requirements as specified in Reference 4. 
 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 89) and Regulatory 
Guide 1.129 (Ref. 910), which state that the battery service test should be 
performed during refueling operations, or at some other outage, with 
intervals between tests not to exceed [18 months]. 
 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test. 
 
The reason for Note 2 is that performing the Surveillance would perturb 
the electrical distribution system and challenge safety systems.   This 
restriction from normally performing the Surveillance in MODE 1 or 2 is 
further amplified to allow portions of the Surveillance to be performed for 
the purpose of reestablishing OPERABILITY (e.g., post work testing 
following corrective maintenance, corrective modification, deficient or 
incomplete surveillance testing, and other unanticipated OPERABILITY 
concerns) provided an assessment determines plant safety is maintained 
or enhanced.  This assessment shall, as a minimum, consider the 
potential outcomes and transients associated with a failed partial 
Surveillance, a successful partial Surveillance, and a perturbation of the 
offsite or onsite system when they are tied together or operated  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

independently for the partial Surveillance; as well as the operator 
procedures available to cope with these outcomes.  These shall be 
measured against the avoided risk of a plant shutdown and startup to 
determine that plant safety is maintained or enhanced when portions of 
the Surveillance are performed in MODE 1 or 2.  Risk insights or 
deterministic methods may be used for the assessment.  Credit may be 
taken for unplanned event that satisfy this SR. 

 
REFERENCES  1. 10 CFR 50, Appendix A, GDC 17. 
 
 2. Regulatory Guide 1.6, March 10, 1971. 
 
 3. IEEE-308-[1978]. 
 
 4. FSAR, Chapter [8]. 
 
 5. FSAR, Chapter [6]. 
 
 6. FSAR, Chapter [15]. 
 
 7. Regulatory Guide 1.93, December 1974. 
 
 8. IEEE-450-[1995]. 
 
 89. Regulatory Guide 1.32, February 1977. 

 910. Regulatory Guide 1.129, December 1974.
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 
 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 5 and 6 and during movement of [recently] irradiated fuel 
assemblies ensures that: 
 
a. The unit can be maintained in the shutdown or refueling condition for  
 
b. Sufficient instrumentation and control capability is available for 

monitoring and maintaining the unit status, and 
 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as a fuel handling accident 
[involving handling recently irradiated fuel.  Due to radioactive decay, 
DC electrical power is only required to mitigate fuel handling 
accidents involving handling recently irradiated fuel (i.e., fuel that has 
occupied part of a critical reactor core within the previous [X] days)]. 

 
In general, when the unit is shut down, the Technical Specifications 
requirements ensure that the unit has the capability to mitigate the 
consequences of postulated accidents.  However, assuming a single 
failure and concurrent loss of all offsite or all onsite power is not required.  
The rationale for this is based on the fact that many DBAs that are 
analyzed in MODES [1, 2, 3, and 4] have no specific analyses in  
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
MODES [5 and 6] because the energy contained within the reactor 
pressure boundary, reactor coolant temperature and pressure, and the 
corresponding stresses result in the probabilities of occurrence being 
significantly reduced or eliminated, and in minimal consequences.  These 
deviations from DBA analysis assumptions and design requirements 
during shutdown conditions are allowed by the LCO for required systems. 
 
The shutdown Technical Specification requirements are designed to 
ensure that the unit has the capability to mitigate the consequences of 
certain postulated accidents.  Worst case DBAs which are analyzed for 
operating MODES are generally viewed not to be a significant concern 
during shutdown MODES due to the lower energies involved.  The 
Technical Specifications therefore require a lesser complement of 
electrical equipment to be available during shutdown than is required 
during operating MODES.  More recent work completed on the potential 
risks associated with shutdown, however, have found significant risk 
associated with certain shutdown evolutions.  As a result, in addition to 
the requirements established in the Technical Specifications, the industry 
has adopted NUMARC 91-06, "Guidelines for Industry Actions to Assess 
Shutdown Management," as an Industry initiative to manage shutdown 
tasks and associated electrical support to maintain risk at an acceptable 
low level.  This may require the availability of additional equipment 
beyond that required by the shutdown Technical Specifications. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO The DC electrical power subsystems, [each required] [the required] 

subsystem consisting of two batteries, one battery charger per battery, 
and the corresponding control equipment and interconnecting cabling 
within the trainsubsystem, [are] [is] required to be OPERABLE to support 
[required] [one] trainsubsystem[s] of the distribution systems [required 
OPERABLE by LCO 3.8.10, "Distribution Systems - Shutdown."]  This 
ensures the availability of sufficient DC electrical power sources to 
operate the unit in a safe manner and to mitigate the consequences of 
postulated events during shutdown (e.g., fuel handling accidents 
[involving handling recently irradiated fuel]). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 5 

and 6 and during movement of [recently] irradiated fuel assemblies, 
provide assurance that: 
 
a. Required features to provide adequate coolant inventory makeup are 

available for the irradiated fuel assemblies in the core, 
 
b. Required features needed to mitigate a fuel handling accident 

[involving handling recently irradiated fuel (i.e., fuel that has occupied 
part of a critical reactor core within the previous [X] days)] are 
available, 

 
c. Required features necessary to mitigate the effects of events that can 

lead to core damage during shutdown are available, and 
 
d. Instrumentation and control capability is available for monitoring and 

maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, 3, and 4 are 
covered in LCO 3.8.4. 

 
ACTIONS LCO 3.0.3 is not applicable while in MODE 5 or 6.  However, since 

irradiated fuel assembly movement can occur in MODE 1, 2, 3, or 4, the 
ACTIONS have been modified by a Note stating that LCO 3.0.3 is not 
applicable.  If moving irradiated fuel assemblies while in MODE 5 or 6, 
LCO 3.0.3 would not specify any action.  If moving irradiated fuel 
assemblies while in MODE 1, 2, 3, or 4, the fuel movement is 
independent of reactor operations.  Entering LCO 3.0.3, while in MODE 1, 
2, 3, or 4 would require the unit to be shutdown unnecessarily. 
 
 
A.1, A.2, and A.3 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of 
LCO 3.8.5 includes the potential to require both trainssubsystems of the 
DC System to be OPERABLE.  If plant-specific implementation results in 
LCO 3.8.5 requiring only one trainsubsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
Condition A represents one trainsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting modes, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit modes that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
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BASES 
 
ACTIONS  (continued) 

 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours 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 [72] hours day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1, B.2.1, B.2.2, B.2.3, and B.2.4 
 
[If two trainssubsystems are required by LCO 3.8.10, the remaining 
trainsubsystem with DC power available may be capable of supporting 
sufficient systems to allow continuation of CORE ALTERATIONS and 
[recently] irradiated fuel movement].  By allowing the option to declare 
required features inoperable with the associated DC power source(s) 
inoperable, appropriate restrictions will be implemented in accordance 
with the affected required features LCO ACTIONS.  In many instances 
this option may involve undesired administrative efforts.  Therefore, the 
allowance for sufficiently conservative actions is made (i.e., to suspend 
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CORE ALTERATIONS, movement of [recently] irradiated fuel assemblies, 
and operations involving positive reactivity additions that could result in  
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BASES 
 
ACTIONS  (continued) 

 
loss of required SDM (MODE 5) or boron concentration (MODE 6).]  
Suspending positive reactivity additions that could result in failure to meet 
the minimum SDM or boron concentration limit is required to assure 
continued safe operation.  Introduction of coolant inventory must be from 
sources that have a boron concentration greater than that what would be 
required in the RCS for minimum SDM or refueling boron concentration.  
This may result in an overall reduction in RCS boron concentration, but 
provides acceptable margin to maintaining subcritical operation.  
Introduction of temperature changes including temperature increases 
when operating with a positive MTC must also be evaluated to ensure 
they do not result in a loss of required SDM. 
 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystem[s] and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the unit safety 
systems. 
 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the unit safety systems may be 
without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.3.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR. 
 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES  1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage for the DC power 
subsystem batteries.  A discussion of these batteries and their 
OPERABILITY requirements is provided in the Bases for LCO 3.8.4, "DC 
Sources - Operating," and LCO 3.8.5, "DC Sources - Shutdown."  In 
addition to the limitations of this Specification, the [licensee controlled 
program] also implements a program specified in Specification 5.5.17 for 
monitoring various battery parameters that is based on the 
recommendations of IEEE Standard 450-1995, "IEEE Recommended 
Practice For Maintenance, Testing, And Replacement Of Vented Lead-
Acid Batteries For Stationary Applications" (Ref. 1). 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 3) and Chapter [15] (Ref. 4), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power system provides normal and emergency DC electrical 
power for the DGs, emergency auxiliaries, and control and switching 
during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one 
trainsubsystem of DC sources OPERABLE during accident conditions, in 
the event of: 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



Battery Parameters 
B 3.8.6 

 
 

 
BWOG STS B 3.8.6-2  Rev. 3.0, 03/31/04  

BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
a. An assumed loss of all offsite AC power or all onsite AC power and 
 
b. A worst-case single failure. 
 
Battery parameters satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO Battery parameters must remain within acceptable limits to ensure 

availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter limits are conservatively 
established, allowing continued DC electrical system function even with 
limits not met.  Additional preventative maintenance, testing, and 
monitoring performed in accordance with the [licensee controlled 
program] is conducted as specified in Specification 5.5.17. 

 
APPLICABILITY The battery parameters are required solely for the support of the 

associated DC electrical power subsystems.  Therefore, battery 
parameter limits are only required when the DC power source is required 
to be OPERABLE.  Refer to the Applicability discussion in Bases for 
LCO 3.8.4 and LCO 3.8.5. 

 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one trainsubsystem < 
[2.07] V, the battery cell is degraded.  Within 2 hours verification of the 
required battery charger OPERABILITY is made by monitoring the battery 
terminal voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
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BASES 
 
ACTIONS  (continued) 

 
B.1 and B.2 
 
One or more batteries in one trainsubsystem with float current > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 
 

A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one trainsubsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.17, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.17.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation are taken from Annex D of IEEE Standard 450-1995.  
They are performed following the restoration of the electrolyte level to 
above the top of the plates.  Based on the results of the manufacturer's 
recommended testing the batter[y][ies] may have to be declared 
inoperable and the affected cell[s] replaced. 
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BASES 
 
ACTIONS  (continued) 
 

D.1 
 
With one or more batteries in one trainsubsystem with pilot cell 
temperature less than the minimum established design limits, 12 hours is 
allowed to restore the temperature to within limits.  A low electrolyte 
temperature limits the current and power available.  Since the battery is 
sized with margin, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and the affected battery is not 
required to be considered inoperable solely as a result of the pilot cell 
temperature not met. 
 
 
E.1 
 
With one or more batteries in redundant trainssubsystems with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one 
trainsubsystem within 2 hours. 
 
 
F.1 
 
With one or more batteries with any battery parameter outside the 
allowances of the Required Actions for Condition A, B, C, D, or E, 
sufficient capacity to supply the maximum expected load requirement is 
not assured and the corresponding battery must be declared inoperable.  
Additionally, discovering one or more batteries in one trainsubsystem with 
one or more battery cells float voltage less than [2.07] V and float current 
greater than [2] amps indicates that the battery capacity may not be 
sufficient to perform the intended functions.  The battery must therefore 
be declared inoperable immediately. 
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BASES 
 
REFERENCES  1. IEEE-450-[1995]. 
 
 2. FSAR, Chapter [8]. 
 
 3. FSAR, Chapter [6]. 
 
 4. FSAR, Chapter [15]. 
 
 5. IEEE-485-[1983], June 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The Train A and Train B DC electrical power subsystems shall be 

OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, 3, and 4. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
trainsubsystem] 
inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours7 days 

 
[B. One [or two] batter[y][ies 

on one trainsubsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 

 
[2] hours ] 

 
C. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
C.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 
[2] hours 

 
D. Required Action and 

Associated Completion 
Time not met. 

 

 
D.1 Be in MODE 3. 
 
AND 
 
D.2 Be in MODE 5. 
 

 
6 hours 
 
 
 
36 hours 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  [DC electrical power subsystem shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown."] 

 
  [One DC electrical power subsystem shall be OPERABLE.] 
 
  -----------------------------------REVIEWER'S NOTE----------------------------------- 
  This second option above applies for plants having a pre-ITS licensing 

basis (CTS) for electrical power requirements during shutdown conditions 
that required only one DC electrical power subsystem to be OPERABLE.  
Action A the bracketed optional wording in Condition B are also 
eliminated for this case.  The first option above is adopted for plants that 
have a CTS requiring the same level of DC electrical power subsystem 
support as is required for power operating conditions. 

  -------------------------------------------------------------------------------------------------- 
 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of [recently] irradiated fuel assemblies. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
LCO 3.0.3 is not applicable. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
trainsubsystem] 
inoperable. 

 
 AND 
 
 The redundant train 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

  
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
[72] hours7 days ] 

 
B. One [or more] required 

DC electrical power 
subsystem[s] inoperable 
[for reasons other than 
Condition A. 

 
 OR 
 
 Required Actions and 

associated Completion 
Time of Condition A not 
met]. 

 

 
B.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
B.2.1 Suspend CORE 

ALTERATIONS. 
 
      AND 
 
B.2.2 Suspend movement of 

[recently] irradiated fuel 
assemblies. 

 
      AND 
 
B.2.3 Suspend operations 

involving positive reactivity 
additions that could result in 
loss of required SDM or 
boron concentration. 

 
      AND 
 
B.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
 
Immediately 
 
 
 
 
 
 
 
Immediately 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Parameters 
 
--------------------------------------------------REVIEWER'S NOTE------------------------------------------------- 
Licensees must implement a program, as specified in Specification 5.5.17, to monitor battery 
parameters that is based on the recommendations of IEEE Standard 450-1995, "IEEE 
Recommended Practice For Maintenance, Testing, And Replacement Of Vented Lead-Acid 
Batteries For Stationary Applications." 
------------------------------------------------------------------------------------------------------------------------------- 
 
 
LCO  3.8.6  Battery parameters for Train A and Train B electrical power subsystem 

batteries shall be within limits. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more battery 
cells float voltage < 
[2.07] V. 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one subsystemtrain] 
with float current > [2] 
amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 
-------------------NOTE-------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 

 
D. One [or two] batter[y][ies 

on one subsystemtrain] 
with pilot cell electrolyte 
temperature less than 
minimum established 
design limits. 

 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 

 
12 hours 

 
E. One or more batteries in 

redundant 
subsystemstrains with 
battery parameters not 
within limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystemtrain to within 
limits. 

 
2 hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
F. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more battery 
cells float voltage 
< [2.07] V and float 
current > [2] amps. 

 

 
F.1 Declare associated battery 

inoperable. 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE 
 

FREQUENCY 
 

 
SR 3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 
 

 
92 days 

 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, portions of the 
Surveillance may be performed to reestablish 
OPERABILITY provided an assessment determines 
the safety of the plant is maintained or enhanced.  
Credit may be taken for unplanned events that 
satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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5.5 Programs and Manuals 
 
5.5.16 Containment Leakage Rate Testing Program  (continued) 
 
    1. Containment leakage rate acceptance criterion is ≤ 1.0 La.  During the 

first unit startup following testing in accordance with this program, the 
leakage rate acceptance criteria are < 0.60 La for the Type B and C 
tests and [< 0.75 La for Option A Type A tests] [≤ 0.75 La for Option B 
Type A tests]. 

 
    2. Air lock testing acceptance criteria are: 
 
     a) Overall air lock leakage rate is ≤ [0.05 La] when tested at ≥ Pa. 
 
     b) For each door, leakage rate is ≤ [0.01 La] when pressurized to 

[≥ 10 psig]. 
 
   e. The provisions of SR 3.0.3 are applicable to the Containment Leakage Rate 

Testing Program. 
 
   f. Nothing in these Technical Specifications shall be construed to modify the 

testing Frequencies required by 10 CFR 50, Appendix J. 
 
5.5.17  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
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shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
 
    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
 
   This Program provides for battery restoration and maintenance, based on [the 

recommendations of IEEE Standard 450-1995, "IEEE Recommended Practice 
for Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for 
Stationary Applications," or of the battery manufacturer] including the following: 

 
   a. Actions to restore battery cells with float voltage < [2.13] V, and 
 
   b. Actions to equalize and test battery cells that had been discovered with 
electrolyte level below the minimum established design limit. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment and preferred AC vital 
bus power (via inverters).  As required by 10 CFR 50, Appendix A, 
GDC 17 (Ref. 1), the DC electrical power system is designed to have 
sufficient independence, redundancy, and testability to perform its safety 
functions, assuming a single failure.  The DC electrical power system also 
conforms to the recommendations of Regulatory Guide 1.6 (Ref. 2) and 
IEEE-308 (Ref. 3). 

 
The [125/250] VDC electrical power system consists of two independent 
and redundant safety related Class 1E DC electrical power subsystems 
([Train A and Train B]).  Each subsystem consists of [two] 125 VDC 
batteries [(each battery [50]% capacity)], the associated battery 
charger(s) for each battery, and all the associated control equipment and 
interconnecting cabling. 
 

[ The 250 VDC source is obtained by use of the two 125 VDC batteries 
connected in series.  Additionally there is [one] spare battery charger per 
subsystem, which provides backup service in the event that the preferred 
battery charger is out of service.  If the spare battery charger is 
substituted for one of the preferred battery chargers, then the 
requirements of independence and redundancy between subsystems are 
maintained. ] 
 
During normal operation, the [125/250] VDC load is powered from the 
battery chargers with the batteries floating on the system.  In case of loss 
of normal power to the battery charger, the DC load is automatically 
powered from the station batteries. 
 
The [Train A and Train B] DC electrical power subsystems provide the 
control power for its associated Class 1E AC power load group, [4.16] kV 
switchgear, and [480] V load centers.  The DC electrical power 
subsystems also provide DC electrical power to the inverters, which in 
turn power the AC vital buses. 
 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distribution System - Operating," and LCO 3.8.10, 
"Distribution Systems - Shutdown." 
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BASES 
 
BACKGROUND  (continued) 

 
Each 125/250 VDC battery is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystem to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems, such as batteries, battery chargers, or 
distribution panels.] 
 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for Train A and Train B DC electrical power subsystems are 
sized to produce required capacity at 80% of nameplate rating, 
corresponding to warranted capacity at end of life cycles and the 100% 
design demand.  The minimum design voltage limit is [105/210] V. 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each Train A and Train B DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger also has 
sufficient excess capacity to restore the battery from the design minimum 
charge to its fully charged state within [24] hours while supplying normal 
steady state loads discussed in the FSAR, Chapter [8] (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 5) and Chapter [15] (Ref. 6), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC sources is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining the DC sources 
OPERABLE during accident conditions in the event of: 
 
a. An assumed loss of all offsite AC power or all onsite AC power and 
 
b. A worst-case single failure. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 
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BASES 
 
LCO The DC electrical power subsystems, each subsystem consisting of [two] 

batteries, battery charger [for each battery] and the corresponding control 
equipment and interconnecting cabling supplying power to the associated 
bus within the train subsystem are required to be OPERABLE to ensure 
the availability of the required power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
(AOO) or a postulated DBA.  Loss of any train DC electrical power 
subsystem does not prevent the minimum safety function from being 
performed (Ref. 4). 

 
An OPERABLE DC electrical power subsystem requires all required 
batteries and respective chargers to be operating and connected to the 
associated DC bus(es). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, 3, and 4 to ensure safe unit operation and to ensure that: 
 
a. Acceptable fuel design limits and reactor coolant pressure boundary 

limits are not exceeded as a result of AOOs or abnormal transients 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 
The DC electrical power requirements for MODES 5 and 6 are addressed 
in the Bases for LCO 3.8.5, "DC Sources - Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one train subsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability.   
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BASES 
 
ACTIONS  (continued) 
 

-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has is now 
been fully recharged capable of supplying the maximum expected load 
requirement.  The [2] amp value is based on returning the battery to 
[95]% charge and assumes a [5]% design margin for the battery.  If at the 
expiration of the initial [12] hour period the battery float current is not less 
than or equal to [2] amps this indicates there may be additional battery 
problems and the battery must be declared inoperable. 
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt Completion Time greater than 72 hours for 
Required Action A.3 will need to demonstrate that the longer Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications", and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, a 7 day Completion Time can be justified by an acceptable 
method, such as a regulatory commitment that an alternate means to 
charge the batteries will be available that is capable of being supplied 
power from a power source that is independent of the offsite power 
supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hoursdays.  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 [72] hour day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and RG 1.174., "An Approach for 
Plant-Specific, Risk-Informed Decisionmaking:  Technical 
Specifications." 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one train subsytem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
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being supplied by the OPERABLE battery charger[s].  Any event that 
results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that trainsubsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific Completion Times. 
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BASES 
 
ACTIONS  (continued) 

 
C.1 
 
Condition C represents one train subsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected trainsubsystem.  The 2 hour 
limit is consistent with the allowed time for an inoperable DC distribution 
subsystem train. 
 
If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery charger and 
associated inoperable battery), the remaining DC electrical power 
subsystem has the capacity to support a safe shutdown and to mitigate 
an accident condition.  Since a subsequent worst- case single failure 
could, however, result in the loss of the minimum necessary DC electrical 
subsystems to mitigate a worst case accident, continued power operation 
should not exceed 2 hours.  The 2 hour Completion Time is based on 
Regulatory Guide 1.93 (Ref. 7) and reflects a reasonable time to assess 
unit status as a function of the inoperable DC electrical power subsystem 
and, if the DC electrical power subsystem is not restored to OPERABLE 
status, to prepare to effect an orderly and safe unit shutdown. 
 
 
D.1 and D.2 
 
If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the unit must be 
brought to a MODE in which the LCO does not apply.  To achieve this 
status, the unit must be brought to at least MODE 3 within 6 hours and to 
MODE 5 within 36 hours.  The allowed Completion Times are reasonable, 
based on operating experience, to reach the required unit conditions from 
full power conditions in an orderly manner and without challenging plant 
systems.  The Completion Time to bring the unit to MODE 5 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 7). 
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BASES 
 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended function.  Float charge 
is the condition in which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery and maintain the 
battery in a fully charged state while supplying the continuous steady 
state loads of the associated DC subsystem.  On float charge, battery 
cells will receive adequate current to optimally charge the battery.  The 
voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the minimum float voltage established by 
the battery manufacturer ([2.20] Vpc times the number of connected cells 
or [127.6] V for a 58 cell battery at the battery terminals).  This voltage 
maintains the battery plates in a condition that supports maintaining the 
grid life (expected to be approximately 20 years).  The 7 day Frequency is 
consistent with manufacturer recommendations and IEEE-450 (Ref. 8). 
 
 
SR  3.8.4.2 
 
This SR verifies the design capacity of the battery chargers.  According to 
Regulatory Guide 1.32 (Ref. 89), the battery charger supply is 
recommended to be based on the largest combined demands of the 
various steady state loads and the charging capacity to restore the 
battery from the design minimum charge state to the fully charged state, 
irrespective of the status of the unit during these demand occurrences.  
The minimum required amperes and duration ensures that these 
requirements can be satisfied. 
 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 
 
 
SR  3.8.4.3 
 
A battery service test is a special test of the battery capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length should correspond to 
the design duty cycle requirements as specified in Reference 4. 
 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 89) and Regulatory 
Guide 1.129 (Ref. 910), which state that the battery service test should be 
performed during refueling operations, or at some other outage, with 
intervals between tests not to exceed [18 months]. 
 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test. 
 
The reason for Note 2 is that performing the Surveillance would perturb 
the electrical distribution system and challenge safety systems.  This 
restriction from normally performing the Surveillance in MODE 1 or 2 is 
further amplified to allow portions of the Surveillance to be performed for 
the purpose of reestablishing OPERABILITY (e.g., post work testing 
following corrective maintenance, corrective modification, deficient or 
incomplete surveillance testing, and other unanticipated OPERABILITY 
concerns) provided an assessment determines plant safety is maintained 
or enhanced.  This assessment shall, as a minimum, consider the 
potential outcomes and transients associated with a failed partial  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Surveillance, a successful partial Surveillance, and a perturbation of the 
offsite or onsite system when they are tied together or operated 
independently for the partial Surveillance; as well as the operator 
procedures available to cope with these outcomes.  These shall be 
measured against the avoided risk of a plant shutdown and startup to 
determine that plant safety is maintained or enhanced when portions of 
the Surveillance are performed in MODE 1 or 2.  Risk insights or 
deterministic methods may be used for the assessment.  Credit may be 
taken for unplanned events that satisfy this SR. 

 
REFERENCES  1. 10 CFR 50, Appendix A, GDC 17. 
 
 2. Regulatory Guide 1.6, March 10, 1971. 
 
 3. IEEE-308-[1978]. 
 
 4. FSAR, Chapter [8]. 
 
 5. FSAR, Chapter [6]. 
 
 6. FSAR, Chapter [15]. 
 
 7. Regulatory Guide 1.93, December 1974. 
 
 8. IEEE-450-[1995]. 
 
 89. Regulatory Guide 1.32, February 1977. 
 
 910. Regulatory Guide 1.129, December 1974. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient  
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2),  
ANALYSES assume that Engineered Safety Feature systems are OPERABLE.  The 

DC electrical power system provides normal and emergency DC electrical 
power for the diesel generators, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 
 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 5 and 6 and during movement of [recently] irradiated fuel 
assemblies ensures that: 
 
a. The unit can be maintained in the shutdown or refueling condition for 

extended periods, 
 
b. Sufficient instrumentation and control capability is available for 

monitoring and maintaining the unit status, and 
 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as a fuel handling accident 
[involving handling recently irradiated fuel.  Due to radioactive decay, 
DC electrical power is only required to mitigate fuel handling 
accidents involving handling recently irradiated fuel (i.e., fuel that has 
occupied part of a critical reactor core within the previous [X] days)]. 

 
In general, when the unit is shut down, the Technical Specifications 
requirements ensure that the unit has the capability to mitigate the 
consequences of postulated accidents.  However, assuming a single 
failure and concurrent loss of all offsite or all onsite power is not required.  
The rationale for this is based on the fact that many DBAs that are 
analyzed in MODES [1, 2, 3, and 4] have no specific analyses in MODES 
[5 and 6] because the energy contained within the reactor pressure 
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BASES 
 
BACKGROUND  (continued) 

 
boundary, reactor coolant temperature and pressure, and the 
corresponding stresses result in the probabilities of occurrence being 
significantly reduced or eliminated, and in minimal consequences.  These 
deviations from DBA analysis assumptions and design requirements 
during shutdown conditions are allowed by the LCO for required systems. 
 
The shutdown Technical Specification requirements are designed to 
ensure that the unit has the capability to mitigate the consequences of 
certain postulated accidents.  Worst case  DBAs which are analyzed for 
operating MODES are generally viewed not to be a significant concern 
during shutdown MODES due to the lower energies involved.  The 
Technical Specifications therefore require a lesser complement of 
electrical equipment to be available during shutdown than is required 
during operating MODES.  More recent work completed on the potential 
risks associated with shutdown, however, have found significant risk 
associated with certain shutdown evolutions.  As a result, in addition to 
the requirements established in the Technical Specifications, the industry 
has adopted NUMARC 91-06, "Guidelines for Industry Actions to Assess 
Shutdown Management," as an Industry initiative to manage shutdown 
tasks and associated electrical support to maintain risk at an acceptable 
low level.  This may require the availability of additional equipment 
beyond that required by the shutdown Technical Specifications. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO The DC electrical power subsystems, [each required ] [the required] 

[subsystem consisting of two batteries, one battery charger per battery, 
and the corresponding control equipment and interconnecting cabling 
within the trainsubsystem, [are] [is] required to be OPERABLE to support 
[required] [one] trainsubsystem[s] of the distribution systems [required 
OPERABLE by LCO 3.8.10, "Distribution Systems - Shutdown."]  This 
ensures the availability of sufficient DC electrical power sources to 
operate the unit in a safe manner and to mitigate the consequences of 
postulated events during shutdown (e.g., fuel handling accidents 
[involving handling recently irradiated fuel]). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 5 

and 6, and during movement of [recently] irradiated fuel assemblies, 
provide assurance that: 
 
a. Required features to provide adequate coolant inventory makeup are 

available for the irradiated fuel assemblies in the core, 
 
b. Required features needed to mitigate a fuel handling accident 

[involving handling recently irradiated fuel (i.e., fuel that has occupied 
part of a critical reactor core within the previous [X] days)] are 
available, 

 
c. Required features necessary to mitigate the effects of events that can 

lead to core damage during shutdown are available, and 
 
d. Instrumentation and control capability is available for monitoring and 

maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, 3, and 4 are 
covered in LCO 3.8.4. 

 
ACTIONS LCO 3.0.3 is not applicable while in MODE 5 or 6.  However, since 

irradiated fuel assembly movement can occur in MODE 1, 2, 3, or 4, the 
ACTIONS have been modified by a Note stating that LCO 3.0.3 is not 
applicable.  If moving irradiated fuel assemblies while in MODE 5 or 6, 
LCO 3.0.3 would not specify any action.  If moving irradiated fuel 
assemblies while in MODE 1, 2, 3, or 4, the fuel movement is 
independent of reactor operations.  Entering LCO 3.0.3, while in MODE 1, 
2, 3, or 4 would require the unit to be shutdown unnecessarily. 
 
A.1, A.2, and A.3 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of 
LCO 3.8.5 includes the potential to require both trainsubsystems of the 
DC System to be OPERABLE.  If plant-specific implementation results in 
LCO 3.8.5 requiring only one trainsubsystems of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
Condition A represents one trainsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
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BASES 
 
ACTIONS  (continued) 

 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hour 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 [72] hour day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1, B.2.1, B.2.2, B.2.3, and B.2.4 
 
[If two trainsubsystems are required by LCO 3.8.10, the remaining 
trainsubsystem with DC power available may be capable of supporting 
sufficient systems to allow continuation of CORE ALTERATIONS and 
[recently] irradiated fuel movement].  By allowing the option to declare 
required features inoperable with the associated DC power source(s) 
inoperable, appropriate restrictions will be implemented in accordance 
with the affected required features LCO ACTIONS.  In many instances 
this option may involve undesired administrative efforts.  Therefore, the 
allowance for sufficiently conservative actions is made (i.e., to suspend 
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CORE ALTERATIONS, movement of [recently] irradiated fuel assemblies, 
and operations involving positive reactivity additions) that could result in 
loss of required SDM (MODE 5) or boron concentration (MODE 6).  
Suspending positive reactivity additions that could result in failure to meet  
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BASES 
 
ACTIONS  (continued) 

 
the minimum SDM or boron concentration limit is required to assure 
continued safe operation.  Introduction of coolant inventory must be from 
sources that have a boron concentration greater than that what would be 
required in the RCS for minimum SDM or refueling boron concentration.  
This may result in an overall reduction in RCS boron concentration, but 
provides acceptable margin to maintaining subcritical operation.  
Introduction of temperature changes including temperature increases 
when operating with a positive MTC must also be evaluated to ensure 
they do not result in a loss of required SDM. 
 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystem[s] and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the unit safety 
systems. 
 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the unit safety systems may be 
without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.3.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR. 
 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES  1. FSAR, Chapter [6]. 

 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage for the DC power 
subsystem batteries.  A discussion of these batteries and their 
OPERABILITY requirements is provided in the Bases for LCO 3.8.4, "DC 
Sources - Operating," and LCO 3.8.5, "DC Sources - Shutdown."  In 
addition to the limitations of this Specification, the [licensee controlled 
program] also implements a program specified in Specification 5.5.17 for 
monitoring various battery parameters that is based on the 
recommendations of IEEE Standard 450-1995, "IEEE Recommended 
Practice For Maintenance, Testing, And Replacement Of Vented Lead-
Acid Batteries For Stationary Applications" (Ref. 1). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 3) and Chapter [15] (Ref. 4), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power system provides normal and emergency DC electrical 
power for the DGs, emergency auxiliaries, and control and switching 
during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one 
trainsubsystem of DC sources OPERABLE during accident conditions, in 
the event of: 
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
a. An assumed loss of all offsite AC power or all onsite AC power and 
 
b. A worst-case single failure. 
 
Battery parameters satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO Battery parameters must remain within acceptable limits to ensure 

availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter limits are conservatively 
established, allowing continued DC electrical system function even with 
limits not met.  Additional preventative maintenance, testing, and 
monitoring performed in accordance with the [licensee controlled 
program] is conducted as specified in Specification 5.5.17. 

 
APPLICABILITY The battery parameters are required solely for the support of the 

associated DC electrical power subsystems.  Therefore, battery 
parameter limits are only required when the DC power source is required 
to be OPERABLE.  Refer to the Applicability discussion in Bases for 
LCO 3.8.4 and LCO 3.8.5. 

 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one trainsubsystem < 
[2.07] V, the battery cell is degraded.  Within 2 hours verification of the 
required battery charger OPERABILITY is made by monitoring the battery 
terminal voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
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BASES 
 
ACTIONS  (continued) 

 
B.1 and B.2 
 
One or more batteries in one trainsubsystem with float current > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one trainsubsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.17, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.17.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation are taken from Annex D of IEEE Standard 450-1995.  
They are performed following the restoration of the electrolyte level to 
above the top of the plates.  Based on the results of the manufacturer's 
recommended testing the batter[y][ies] may have to be declared 
inoperable and the affected cell[s] replaced. 
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BASES 
 
ACTIONS  (continued) 

 
D.1 
 
With one or more batteries in one trainsubsystem with pilot cell 
temperature less than the minimum established design limits, 12 hours is 
allowed to restore the temperature to within limits.  A low electrolyte 
temperature limits the current and power available.  Since the battery is 
sized with margin, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and the affected battery is not 
required to be considered inoperable solely as a result of the pilot cell 
temperature not met. 
 
 
E.1 
 
With one or more batteries in redundant trainssubsystems with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one 
trainsubsystem within 2 hours. 
 
 
F.1 
 
With one or more batteries with any battery parameter outside the 
allowances of the Required Actions for Condition A, B, C, D, or E, 
sufficient capacity to supply the maximum expected load requirement is 
not assured and the corresponding battery must be declared inoperable.  
Additionally, discovering one or more batteries in one trainsubsystem with 
one or more battery cells float voltage less than [2.07] V and float current 
greater than [2] amps indicates that the battery capacity may not be 
sufficient to perform the intended functions.  The battery must therefore 
be declared inoperable immediately. 
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BASES 
 
REFERENCES  1. IEEE-450-[1995]. 
 
 2. FSAR, Chapter 8. 
 
 3. FSAR, Chapter [6]. 
 

4. FSAR, Chapter [15]. 
 
 5. IEEE-485-[1983], June 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The Train A and Train B DC electrical power subsystems shall be 

OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, 3, and 4. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystemtrain] 
inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours7 days 
 

 
B. One [or two] batter[y][ies 

on one trainsubsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours] 
 

 
C. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
C.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 

 
[2] hours 

 
D. Required Action and 

Associated Completion 
Time not met. 

 

 
D.1 Be in MODE 3. 
 
AND 
 
D.2 Be in MODE 5. 
 

 
6 hours 
 
 
 
36 hours 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  [DC electrical power subsystem shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown."] 

 
  [One DC electrical power subsystem shall be OPERABLE.] 
 
  -----------------------------------REVIEWER’S NOTE----------------------------------- 
  This second option above applies for plants having a pre-ITS licensing 

basis (CTS) for electrical power requirements during shutdown conditions 
that required only one DC electrical power subsystem to be OPERABLE.  
Action A and the bracketed optional wording in Condition B are also 
eliminated for this case.  The first option above is adopted for plants that 
have a CTS requiring the same level of DC electrical power subsystem 
support as is required for power operating conditions. 

  -------------------------------------------------------------------------------------------------- 
 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of [recently] irradiated fuel assemblies. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
LCO 3.0.3 is not applicable. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[ A. One [or two] battery 

charger[s on one 
trainsubsystem] 
inoperable. 

 
 AND 
 
 The redundant train 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



DC Sources - Shutdown 
3.8.5 

 
 

CEOG STS 3.8.5-2 Rev. 3.0, 03/31/04 

ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
 

 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
[72] hours7 days ] 
 

 
B. One [or more] required 

DC electrical power 
subsystem[s] inoperable 
[for reasons other than 
Condition A. 

 
 OR 
 
 Required Action and 

associated Completion 
Time of Condition A not 
met]. 

 

 
B.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
B.2.1 Suspend CORE 

ALTERATIONS. 
 
      AND 
 
B.2.2 Suspend movement of 

[recently] irradiated fuel 
assemblies. 

 
      AND 
 
B.2.3 Suspend operations 

involving positive reactivity 
additions that could result in 
loss of required SDM or 
boron concentration. 

 
      AND 
 
B.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
 
Immediately 
 
 
 
 
 
 
 
Immediately 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Parameters 
 
--------------------------------------------------REVIEWER'S NOTE------------------------------------------------- 
Licensees must implement a program, as specified in Specification 5.5.17, to monitor battery 
parameters that is based on the recommendations of IEEE Standard 450-1995, "IEEE 
Recommended Practice For Maintenance, Testing, And Replacement Of Vented Lead-Acid 
Batteries For Stationary Applications." 
------------------------------------------------------------------------------------------------------------------------------- 
 
 
LCO  3.8.6  Battery parameters for the Train A and Train B electrical power 

subsystem batteries shall be within limits. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more battery 
cells float voltage < 
[2.07] V. 

 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one subsystemtrain] 
with float current > [2] 
amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 

 
--------------------NOTE------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 
 

 
D. One [or two] batter[y][ies 

on one subsystemtrain] 
with pilot cell electrolyte 
temperature less than 
minimum established 
design limits. 

 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 

 
12 hours 

 
E. One or more batteries in 

redundant subsystems 
trains with battery 
parameters not within 
limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem train to within 
limits. 

 

 
2 hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
F. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystemtrain] 
with one or more battery 
cells float voltage 
< [2.07] V and float 
current > [2] amps. 

 

 
F.1 Declare associated battery 

inoperable. 
 

 
Immediately 
 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 
 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 
 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE 
 

FREQUENCY 
 

 
SR  3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 
 

 
92 days 

 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in MODE 

1, 2, 3, or 4.  However, portions of this Surveillance 
may be performed to reestablish OPERABILITY 
provided an assessment determines the safety of 
the plant is maintained or enhanced.  Credit may be 
taken for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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5.5 Programs and Manuals 
 
5.5.17 Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
 
  This Program provides for battery restoration and maintenance, based on [the 

recommendations of IEEE Standard 450-1995, "IEEE Recommended Practice 
for Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for 
Stationary Applications," or of the battery manufacturer] including the following 

 
  a. Actions to restore battery cells with float voltage < [2.13] V, and 
 
  b. Actions to equalize and test battery cells that had been discovered with 

electrolyte level below the minimum established design limit. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment and preferred AC vital 
bus power (via inverters).  As required by 10 CFR 50, Appendix A, 
GDC 17 (Ref. 1), the DC electrical power system is designed to have 
sufficient independence, redundancy, and testability to perform its safety 
functions, assuming a single failure.  The DC electrical power system also 
conforms to the recommendations of Regulatory Guide 1.6 (Ref. 2) and 
IEEE-308 (Ref. 3). 
 
The [125/250] VDC electrical power system consists of two independent 
and redundant safety related Class 1E DC electrical power subsystems 
([Train A and Train B]).  Each subsystem consists of [two] 125 VDC 
batteries [(each battery [50]% capacity)], the associated battery 
charger(s) for each battery, and all the associated control equipment and 
interconnecting cabling. 
 

[ The 250 VDC source is obtained by use of the two 125 VDC batteries 
connected in series.  Additionally there is [one] spare battery charger per 
subsystem, which provides backup service in the event that the preferred 
battery charger is out of service.  If the spare battery charger is 
substituted for one of the preferred battery chargers, then the 
requirements of independence and redundancy between subsystems are 
maintained. ] 
 
During normal operation, the [125/250] VDC load is powered from the 
battery chargers with the batteries floating on the system.  In case of loss 
of normal power to the battery charger, the DC load is automatically 
powered from the station batteries. 
 
The [Train A and Train B] DC electrical power subsystems provide the 
control power for its associated Class 1E AC power load group, [4.16] kV 
switchgear, and [480] V load centers.  The DC electrical power 
subsystems also provide DC electrical power to the inverters, which in 
turn power the AC vital buses. 
 
The DC power distribution system is described in more detail in the Bases 
for LCO 3.8.9, "Distributions System Operating," and for LCO 3.8.10, 
"Distribution Systems - Shutdown." 
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BASES 
 
BACKGROUND  (continued) 

 
Each 125/250 VDC battery is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystem to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems, such as batteries, battery chargers, or 
distribution panels.] 
 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter  [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for Train A and Train B DC electrical power subsystems are 
sized to produce required capacity at 80% of nameplate rating, 
corresponding to warranted capacity at end of life cycles and the 100% 
design demand.  The minimum design voltage limit is [105/210] V. 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each Train A and Train B DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger also has 
sufficient excess capacity to restore the battery from the design minimum 
charge to its fully charged state within [24] hours while supplying normal 
steady state loads discussed in the FSAR, Chapter [8] (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 5) and  Chapter [15] (Ref. 6), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC sources is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining the DC sources 
OPERABLE during accident conditions in the event of: 
 
a. An assumed loss of all offsite AC power or all onsite AC power and 
 
b. A worst-case single failure. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 
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BASES 
 
LCO The DC electrical power subsystems, each subsystem consisting of [two] 

batteries, battery charger [for each battery] and the corresponding control 
equipment and interconnecting cabling supplying power to the associated 
bus within the trainsubsystem are required to be OPERABLE to ensure 
the availability of the required power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
(AOO) or a postulated DBA.  Loss of any train DC electrical power 
subsystem does not prevent the minimum safety function from being 
performed (Ref. 4). 

 
An OPERABLE DC electrical power subsystem requires all required 
batteries and respective chargers to be operating and connected to the 
associated DC bus(es). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, 3, and 4 to ensure safe unit operation and to ensure that: 
 
a. Acceptable fuel design limits and reactor coolant pressure boundary 

limits are not exceeded as a result of AOOs or abnormal transients 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 

The DC electrical power requirements for MODES 5 and 6 are addressed 
in the Bases for LCO 3.8.5, "DC Sources - Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one trainsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability.   
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has is now 
been fully recharged capable of supplying the maximum expected load 
requirement.  The [2] amp value is based on returning the battery to 
[95]% charge and assumes a [5]% design margin for the battery.  If at the 
expiration of the initial [12] hour period the battery float current is not less 
than or equal to [2] amps this indicates there may be additional battery 
problems and the battery must be declared inoperable. 
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt Completion Time greater than 72 hours for 
Required Action A.3 will need to demonstrate that the longer Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications", and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, a 7 day Completion Time can be justified by an acceptable 
method, such as a regulatory commitment that an alternate means to 
charge the batteries will be available that is capable of being supplied 
power from a power source that is independent of the offsite power 
supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hoursdays.  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 [72] hourday Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and 1.174, "An Approach for Plant-
Specific, Risk-Informed Decision Making:  Technical Specifications." 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one trainsubsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
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results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that trainsubsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific completion times. 
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BASES 
 
ACTIONS  (continued) 

 
C.1 
 
Condition C represents one trainsubsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected trainsubsystem.  The 2 hour 
limit is consistent with the allowed time for an inoperable DC distribution 
subsystem train. 
 
If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery charger and 
associated inoperable battery), the remaining DC electrical power 
subsystem has the capacity to support a safe shutdown and to mitigate 
an accident condition.  Since a subsequent worst case single failure 
could, however, result in the loss of the minimum necessary DC electrical 
subsystems to mitigate a worst case accident, continued power operation 
should not exceed 2 hours.  The 2 hour Completion Time is based on 
Regulatory Guide 1.93 (Ref. 7) and reflects a reasonable time to assess 
unit status as a function of the inoperable DC electrical power subsystem 
and, if the DC electrical power subsystem is not restored to OPERABLE 
status, to prepare to effect an orderly and safe unit shutdown. 
 
 
D.1 and D.2 
 
If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the unit must be 
brought to a MODE in which the LCO does not apply.  To achieve this 
status, the unit must be brought to at least MODE 3 within 6 hours and to 
MODE 5 within 36 hours.  The allowed Completion Times are reasonable, 
based on operating experience, to reach the required unit conditions from 
full power conditions in an orderly manner and without challenging plant 
systems.  The Completion Time to bring the unit to MODE 5 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 7). 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended function.  Float charge 
is the condition in which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery and maintain the 
battery in a 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
fully charged state while supplying the continuous steady state loads of 
the associated DC subsystem.  On float charge, battery cells will receive 
adequate current to optimally charge the battery.  The voltage 
requirements are based on the nominal design voltage of the battery and 
are consistent with the minimum float voltage established by the battery 
manufacturer ([2.20] Vpc times the number of connected cells or 
[127.6] V for a 58 cell battery at the battery terminals).  This voltage 
maintains the battery plates in a condition that supports maintaining the 
grid life (expected to be approximately 20 years).  The 7 day Frequency is 
consistent with manufacturer recommendations and IEEE-450 (Ref. 8). 
 
 
SR  3.8.4.2 
 
This SR verifies the design capacity of the battery chargers.  According to 
Regulatory Guide 1.32  (Ref. 89), the battery charger supply is 
recommended to be based on the largest combined demands of the 
various steady state loads and the charging capacity to restore the 
battery from the design minimum charge state to the fully charged state, 
irrespective of the status of the unit during these demand occurrences.  
The minimum required amperes and duration ensures that these 
requirements can be satisfied. 
 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 
 
 
SR  3.8.4.3 
 
A battery service test is a special test of the battery capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length should correspond to 
the design duty cycle requirements as specified in Reference 4. 
 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 89) and Regulatory 
Guide 1.129 (Ref. 910), which state that the battery service test should be 
performed during refueling operations, or at some other outage, with 
intervals between tests not to exceed [18 months]. 
 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test. 
 
The reason for Note 2 is that performing the Surveillance would perturb 
the electrical distribution system and challenge safety systems.   This 
restriction from normally performing the Surveillance in MODE 1 or 2 is 
further amplified to allow portions of the Surveillance to be performed for 
the purpose of reestablishing OPERABILITY (e.g., post work testing 
following corrective maintenance, corrective modification, deficient or 
incomplete surveillance testing, and other unanticipated OPERABILITY 
concerns) provided an assessment determines plant safety is maintained 
or enhanced.  This assessment shall, as a minimum, consider the 
potential outcomes and transients associated with a failed partial 
Surveillance, a successful partial Surveillance, and a perturbation of the 
offsite or onsite system when they are tied together or operated 
independently for the partial Surveillance; as well as the operator 
procedures available to cope with these outcomes.  These shall be 
measured against the avoided risk of a plant shutdown and startup to 
determine that plant safety is maintained or enhanced when portions of 
the Surveillance are performed in MODE 1 or 2.  Risk insights or 
deterministic methods may be used for the assessment.  Credit may be 
taken for unplanned events that satisfy this SR. 
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BASES 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 
 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 5 and 6 and during movement of [recently] irradiated fuel 
assemblies ensures that: 
 
a. The unit can be maintained in the shutdown or refueling condition for 

extended periods, 
 
b. Sufficient instrumentation and control capability is available for 

monitoring and maintaining the unit status, and 
 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as a fuel handling accident 
[involving handling recently irradiated fuel.  Due to radioactive decay, 
DC electrical power is only required to mitigate fuel handling 
accidents involving handling recently irradiated fuel (i.e., fuel that has 
occupied part of a critical reactor core within the previous [X] days)]. 

 
In general, when the unit is shut down, the Technical Specifications 
requirements ensure that the unit has the capability to mitigate the 
consequences of postulated accidents.  However, assuming a single 
failure and concurrent loss of all offsite or all onsite power is not required.  
The rationale for this is based on the fact that many DBAs that are 
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
analyzed in MODES [1, 2, 3, and 4] have no specific analyses in MODES 
[5 and 6] because the energy contained within the reactor pressure 
boundary, reactor coolant temperature and pressure, and the 
corresponding stresses result in the probabilities of occurrence being 
significantly reduced or eliminated, and in minimal consequences.  These 
deviations from DBA analysis assumptions and design requirements 
during shutdown conditions are allowed by the LCO for required systems. 
 
The shutdown Technical Specification requirements are designed to 
ensure that the unit has the capability to mitigate the consequences of 
certain postulated accidents.  Worst case DBAs which are analyzed for 
operating MODES are generally viewed not to be a significant concern 
during shutdown MODES due to the lower energies involved.  The 
Technical Specifications therefore require a lesser complement of 
electrical equipment to be available during shutdown than is required 
during operating MODES.  More recent work completed on the potential 
risks associated with shutdown, however, have found significant risk 
associated with certain shutdown evolutions.  As a result, in addition to 
the requirements established in the Technical Specifications, the industry 
has adopted NUMARC 91-06, "Guidelines for Industry Actions to Assess 
Shutdown Management," as an Industry initiative to manage shutdown 
tasks and associated electrical support to maintain risk at an acceptable 
low level.  This may require the availability of additional equipment 
beyond that required by the shutdown Technical Specifications. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO The DC electrical power subsystems, [each required] [the required] 

subsystem consisting of two batteries, one battery charger per battery, 
and the corresponding control equipment and interconnecting cabling 
within the trainsubsystem, [are] [is] required to be OPERABLE to support 
[required] [one] trainsubsystem[s] of distribution systems required 
[OPERABLE by LCO 3.8.10, "Distribution Systems - Shutdown."]  This 
ensures the availability of sufficient DC electrical power sources to 
operate the unit in a safe manner and to mitigate the consequences of 
postulated events during shutdown (e.g., fuel handling accidents 
[involving handling recently irradiated fuel]). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 5 

and 6, and during movement of [recently] irradiated fuel assemblies 
provide assurance that: 

 
a. Required features needed to mitigate a fuel handling [involving 

handling recently irradiated fuel (i.e., fuel that has occupied part of a 
critical reactor core within the previous [X] days)] accident are 
available, 

 
b. Required features necessary to mitigate the effects of events that can 

lead to core damage during shutdown are available, and 
 
c. Instrumentation and control capability is available for monitoring and 

maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, 3, and 4 are 
covered in LCO 3.8.4. 

 
ACTIONS LCO 3.0.3 is not applicable while in MODE 5 or 6.  However, since 

irradiated fuel assembly movement can occur in MODE 1, 2, 3, or 4, the 
ACTIONS have been modified by a Note stating that LCO 3.0.3 is not 
applicable.  If moving irradiated fuel assemblies while in MODE 5 or 6, 
LCO 3.0.3 would not specify any action.  If moving irradiated fuel 
assemblies while in MODE 1, 2, 3, or 4, the fuel movement is 
independent of reactor operations.  Entering LCO 3.0.3, while in MODE 1, 
2, 3, or 4 would require the unit to be shutdown unnecessarily. 
 
 
A.1, A.2, and A.3 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of LCO 
3.8.5 includes the potential to require both trainssubsystems of the DC 
System to be OPERABLE.  If plant-specific implementation results in LCO 
3.8.5 requiring only one trainsubsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
 
Condition A represents one trainsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or  

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



DC Sources - Shutdown 
B 3.8.5 

 
 

 
CEOG STS B 3.8.5-4  Rev. 3.0, 03/31/04 

BASES 
 
ACTIONS  (continued) 

 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting modes, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit modes that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
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BASES 
 
ACTIONS  (continued) 

 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hourss 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 [72] hour day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1, B.2.1, B.2.2, B.2.3, and B.2.4 
 
[If two trainssubsystems are required by LCO 3.8.10, the remaining 
trainsubsystem with DC power available may be capable of supporting 
sufficient systems to allow continuation of CORE ALTERATIONS and 
[recently] irradiated fuel movement].  By allowing the option to declare 
required features inoperable with the associated DC power source(s) 
inoperable, appropriate restrictions will be implemented in accordance 
with the affected required features LCO ACTIONS.  In many instances 
this option may involve undesired administrative efforts.  Therefore, the 
allowance for sufficiently conservative actions is made (i.e., to suspend 
CORE ALTERATIONS, movement of [recently] irradiated fuel assemblies, 
and operations involving positive reactivity additions) that could result in 
loss of required SDM (MODE 5) or boron concentration (MODE 6).  
Suspending positive reactivity additions that could result in failure to meet 
the minimum SDM or boron concentration limit is required to assure 
continued safety operation.  Introduction of coolant inventory must be 
from sources that have a boron concentration greater than that what 
would be required in the RCS for minimum SDM or refueling boron 
concentration.  This may result in an overall reduction in RCS boron 
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concentration, but provides acceptable margin to maintaining subcritical 
operation.  Introduction of temperature changes including temperature 
increases when operating with a positive MTC must also be evaluated to 
ensure they do not result in a loss of required SDM. 
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BASES 
 
ACTIONS  (continued) 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystem[s] and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the unit safety 
systems. 
 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the unit safety systems may be 
without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 states that Surveillances required by SR 3.8.4.1 through 
SR 3.8.4.3 are applicable in these MODES.  See the corresponding 
Bases for LCO 3.8.4 for a discussion of each SR. 
 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES 1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage for the DC power 
subsystem batteries.  A discussion of these batteries and their 
OPERABILITY requirements is provided in the Bases for LCO 3.8.4, "DC 
Sources - Operating," and LCO 3.8.5, "DC Sources - Shutdown."  In 
addition to the limitations of this Specification, the [licensee controlled 
program] also implements a program specified in Specification 5.5.17 for 
monitoring various battery parameters that is based on the 
recommendations of IEEE Standard 450-1995, "IEEE Recommended 
Practice For Maintenance, Testing, And Replacement Of Vented Lead-
Acid Batteries For Stationary Applications" (Ref. 1). 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 3) and Chapter [15] (Ref. 4), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power system provides normal and emergency DC electrical 
power for the DGs, emergency auxiliaries, and control and switching 
during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one 
trainsubsystem of DC sources OPERABLE during accident conditions, in 
the event of: 
 
a. An assumed loss of all offsite AC power or all onsite AC power and 
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
b. A worst-case single failure. 
 
Battery parameters satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO Battery parameters must remain within acceptable limits to ensure 

availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter limits are conservatively 
established, allowing continued DC electrical system function even with 
limits not met.  Additional preventative maintenance, testing, and 
monitoring performed in accordance with the [licensee controlled 
program] is conducted as specified in Specification 5.5.17. 

 
APPLICABILITY The battery parameters are required solely for the support of the 

associated DC electrical power subsystems.  Therefore, battery 
parameter limits are only required when the DC power source is required 
to be OPERABLE.  Refer to the Applicability discussion in Bases for 
LCO 3.8.4 and LCO 3.8.5. 

 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one trainsubsystem < 
[2.07] V, the battery cell is degraded.  Within 2 hours verification of the 
required battery charger OPERABILITY is made by monitoring the battery 
terminal voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
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BASES 
 
ACTIONS  (continued) 

 
B.1 and B.2 
 
One or more batteries in one trainsubsystem with float current > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one trainsubsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.17, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.17.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation are taken from Annex D of IEEE Standard 450-1995.  
They are performed following the restoration of the electrolyte level to 
above the top of the plates.  Based on the results of the manufacturer's 
recommended testing the batter[y][ies] may have to be declared 
inoperable and the affected cell[s] replaced. 
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BASES 
 
ACTIONS  (continued) 

 
D.1 
 
With one or more batteries in one trainsubsystem with pilot cell 
temperature less than the minimum established design limits, 12 hours is 
allowed to restore the temperature to within limits.  A low electrolyte 
temperature limits the current and power available.  Since the battery is 
sized with margin, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and the affected battery is not 
required to be considered inoperable solely as a result of the pilot cell 
temperature not met. 
 
 
E.1 
 
With one or more batteries in redundant trainssubsystems with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one 
trainsubsystem within 2 hours. 
 
 
F.1 
 
With one or more batteries with any battery parameter outside the 
allowances of the Required Actions for Condition A, B, C, D, or E, 
sufficient capacity to supply the maximum expected load requirement is 
not assured and the corresponding battery must be declared inoperable.  
Additionally, discovering one or more batteries in one trainsubsystem with 
one or more battery cells float voltage less than [2.07] V and float current 
greater than [2] amps indicates that the battery capacity may not be 
sufficient to perform the intended functions.  The battery must therefore 
be declared inoperable immediately. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
SR   3.8.6.4 
 
This Surveillance verifies that the pilot cell temperature is greater than or 
equal to the minimum established design limit (i.e., [40]°F).  Pilot cell 
electrolyte temperature is maintained above this temperature to assure 
the battery can provide the required current and voltage to meet the 
design requirements.  Temperatures lower than assumed in battery sizing 
calculations act to inhibit or reduce battery capacity.  The Frequency is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.6 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
Either the battery performance discharge test or the modified 
performance discharge test is acceptable for satisfying SR 3.8.6.6; 
however, only the modified performance discharge test may be used to 
satisfy the battery service test requirements of SR 3.8.4.3. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 
 
It may consist of just two rates; for instance the one minute rate for the 
battery or the largest current load of the duty cycle, followed by the test 
rate employed for the performance test, both of which envelope the duty 
cycle of the service test.  Since the ampere-hours removed by a one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test must remain 
above the minimum battery terminal voltage specified in the battery 
service test for the duration of time equal to that of the service test.  
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BASES 
 
REFERENCES  1. IEEE-450-[1995]. 
 
 2. FSAR, Chapter [8]. 
 
 3. FSAR, Chapter [6]. 
 
 4. FSAR, Chapter [15]. 
 
 5. IEEE-485-[1983], June 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The [Division 1 and Division 2 station service, and DG 1B, 2A, and 2C] 

DC electrical power subsystems shall be OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, and 3. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
divisionsubsystem] 
inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours7 days 
 

 
[B. One [or two] batter[y][ies 

on one 
divisionsubsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
C. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
C.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 

 
[2] hours 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  [DC electrical power subsystems shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown."] 

 
  [One DC electrical power subsystem shall be OPERABLE.] 
 
  ------------------------------------REVIEWER’S NOTE---------------------------------- 
  This second option above applies for plants having a pre-ITS licensing 

basis (CTS) for electrical power requirements during shutdown conditions 
that required only one DC electrical power subsystem to be OPERABLE.  
Action A and the bracketed optional wording in Condition B are also 
eliminated for this case.  The first option above is adopted for plants that 
have a CTS requiring the same level of DC electrical power subsystem 
support as is required for power operating conditions. 

  -------------------------------------------------------------------------------------------------- 
 
 
 
APPLICABILITY: MODES 4 and 5, 
 During movement of [recently] irradiated fuel assemblies in the 

[secondary] containment. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
LCO 3.0.3 is not applicable. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
divisionsubsystem] 
inoperable. 

 
AND 
 
 The redundant division 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 

 
2 hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
 
 

 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
Once per [12] hours 
 
 
 
 
[72] hours7 days ] 
 

 
B. One [or more] required 

DC electrical power 
subsystem[s] inoperable 
[for reasons other than 
Condition A. 

 
 OR 
 
 Required Action and 

associated Completion 
Time of Condition A not 
met.] 

 

 
B.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
B.2.1 Suspend CORE 

ALTERATIONS. 
 
      AND 
 
B.2.2 Suspend movement of 

[recently] irradiated fuel 
assemblies in the 
[secondary] containment. 

 
      AND 
 
B.2.3 Initiate action to suspend 

operations with a potential 
for draining the reactor 
vessel. 

 
      AND 
 
B.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
 
 
Immediately 
 
 
 
 
 
 
Immediately 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Parameters 
 
--------------------------------------------------REVIEWER’S NOTE------------------------------------------------- 
Licensees must implement a program, as specified in Specification 5.5.14, to monitor battery 
parameters that is based on the recommendations of IEEE Standard 450-1995, "IEEE 
Recommended Practice For Maintenance, Testing, And Replacement Of Vented Lead-Acid 
Batteries For Stationary Applications." 
------------------------------------------------------------------------------------------------------------------------------- 
 
 
LCO  3.8.6  Battery parameters for the [station service and DG] electrical power 

subsystem batteries shall be within limits. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] batter[y][ies 

on one 
divisionsubsystem] with 
one or more battery cells 
float voltage < [2.07] V. 

 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 
 

 
B. One [or two] batter[y][ies 

on one 
subsystemdivision] with 
float current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem 
division] with one or 
more cells electrolyte 
level less than minimum 
established design 
limits. 

 

 
--------------------NOTE------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 
 

 
D. One [or two] batter[y][ies 

on one subsystem 
division] with pilot cell 
electrolyte temperature 
less than minimum 
established design 
limits. 

 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 

 
12 hours 
 

 
E. One or more batteries in 

redundant subsystems 
divisions with battery 
parameters not within 
limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem division to within 
limits. 

 

 
2 hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
F. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystem 
division] with one or 
more battery cells float 
voltage < [2.07] V and 
float current > [2] amps. 

 

 
F.1 Declare associated battery 

inoperable. 
 

 
Immediately 
 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 
 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 
 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 
 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE 
 

FREQUENCY 
 

 
SR  3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 
 

 
92 days 
 

 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not normally be performed in 

MODE 1, 2, or 3.  However, portion of the 
Surveillance may be performed to reestablish 
OPERABILITY provided an assessment determines 
the safety of the plant is maintained or enhanced.  
Credit may be taken for unplanned events that 
satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
 

 
 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



Programs and Manuals 
5.5 

 
 

 
BWR/4 STS 5.5-14 Rev. 3.1, 12/01/05 

5.5 Programs and Manuals 
 
5.5.14  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
 
   This Program provides for battery restoration and maintenance, based on [the 

recommendations of IEEE Standard 450-1995, "IEEE Recommended Practice 
for Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for 
Stationary Applications," or of the battery manufacturer] of the following: 

 
   a. Actions to restore battery cells with float voltage < [2.13] V, and 
 
   b. Actions to equalize and test battery cells that had been discovered with 

electrolyte level below the minimum established design limit. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The DC electrical power system provides the AC emergency power 

system with control power.  It also provides both motive and control 
power to selected safety related equipment.  Also, these DC subsystems 
provide DC electrical power to inverters, which in turn power the AC vital 
buses.  As required by 10 CFR 50, Appendix A, GDC 17 (Ref. 1), the DC 
electrical power system is designed to have sufficient independence, 
redundancy, and testability to perform its safety functions, assuming a 
single failure.  The DC electrical power system also conforms to the 
recommendations of Regulatory Guide 1.6 (Ref. 2) and IEEE-308 
(Ref. 3). 
 
The station service DC power sources provide both motive and control 
power to selected safety related equipment, as well as circuit breaker 
control power for the nonsafety related 4160 V, and all 600 V and lower, 
AC distribution systems.  Each DC subsystem is energized by one 
125/250 V station service battery and three 125 V battery chargers (two 
normally inservice chargers and one spare charger).  Each battery is 
exclusively associated with a single 125/250 VDC bus.  Each set of 
battery chargers exclusively associated with a 125/250 VDC subsystem 
cannot be interconnected with any other 125/250 VDC subsystem.  The 
normal and backup chargers are supplied from the same AC load groups 
for which the associated DC subsystem supplies the control power.  The 
loads between the redundant 125/250 VDC subsystem are not 
transferable except for the Automatic Depressurization System, the logic 
circuits and valves of which are normally fed from the Division 1 DC 
system. 
 
The diesel generator (DG) DC power sources provide control and 
instrumentation power for their respective DG.  In addition, DG 2A and 2C 
DC power sources provide circuit breaker control power for the loads on 
the 4160 V 2E, 2F, and 2G emergency buses.  Each DG DC subsystem 
is energized by one 125 V battery and one 125 V battery charger.  
Provisions exist for connecting a portable alternate battery charger. 
 
During normal operation, the DC loads are powered from the battery 
chargers with the batteries floating on the system.  In case of loss of 
normal power to the battery charger, the DC loads are automatically 
powered from the station batteries. 
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BASES 
 
BACKGROUND  (continued) 

 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distribution System - Operating," and LCO 3.8.10, 
"Distribution System - Shutdown." 
 
Each DC battery subsystem is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystems to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems such as batteries, battery chargers, or 
distribution panels.]   
 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for DC electrical power subsystems are sized to produce 
required capacity at 80% of nameplate rating, corresponding to warranted 
capacity at end of life cycles and the 100% design demand.  The 
minimum design voltage limit is [105/210] V. 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each battery charger of DC electrical power subsystem has ample power 
output capacity for the steady state operation of connected loads required 
during normal operation, while at the same time maintaining its battery 
bank fully charged.  Each station service battery charger has sufficient 
excess capacity to restore the battery from the design minimum charge to 
its fully charged state within [24] hours while supplying normal steady 
state loads (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 5) and Chapter [15] (Ref. 6), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation.  The OPERABILITY of the DC 
subsystems is consistent with the initial assumptions of the accident 
analyses and is based upon meeting the design basis of the unit.  This 
includes maintaining DC sources OPERABLE during accident conditions 
in the event of: 
 
a. An assumed loss of all offsite AC power or all onsite AC power and 
 
b. A worst case single failure. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 
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BASES 
 
LCO The DC electrical power subsystems - with:  1) each station service DC 

subsystem consisting of two 125 V batteries in series two battery 
chargers and the corresponding control equipment and interconnecting 
cabling supplying power to the associated bus, and 2) each DG DC 
subsystem consisting of one battery bank, one battery charger, and the 
corresponding control equipment and interconnecting cabling are required 
to be OPERABLE to ensure the availability of the required power to shut 
down the reactor and maintain it in a safe condition after an anticipated 
operational occurrence (AOO) or a postulated DBA.  Loss of any DC 
electrical power subsystem does not prevent the minimum safety function 
from being performed (Ref. 4). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, and 3 to ensure safe unit operation and to ensure that: 
 
a. Acceptable fuel design limits and reactor coolant pressure boundary 

limits are not exceeded as a result of AOOs or abnormal transients 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 
The DC electrical power requirements for MODES 4 and 5 are addressed 
in the Bases for LCO 3.8.5, "DC Sources -  Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one divisionsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability.   
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has is now 
been fully recharged capable of supplying the maximum expected load 
requirement.  The [2] amp value is based on returning the battery to 
[95]% charge and assumes a [5]% design margin for the battery.  If at the 
expiration of the initial [12] hour period the battery float current is not less 
than or equal to [2] amps this indicates there may be additional battery 
problems and the battery must be declared inoperable. 
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BASES 
 
ACTIONS  (continued) 
 

-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt Completion Time greater than 72 hours for 
Required Action A.3 will need to demonstrate that the longer Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications", and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, a 7 day Completion Time can be justified by an acceptable 
method, such as a regulatory commitment that an alternate means to 
charge the batteries will be available that is capable of being supplied 
power from a power source that is independent of the offsite power 
supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hoursdays.  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 [72] hoursday Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and 1.174., "An Approach for Plant-
Specific, Risk-Informed Decisionmaking:  Technical Specifications." 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one divisionsubsystem with one [or two] 
batter[y][ies] inoperable.  With one [or two] batter[y][ies] inoperable, the 
DC bus is being supplied by the OPERABLE battery charger[s].  Any 
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event that results in a loss of the AC bus supporting the battery charger[s] 
will also result in loss of DC to that divisionsubsystem.  Recovery of the 
AC bus, especially if it is due to a loss of offsite power, will be hampered 
by the fact that many of the components necessary for the recovery (e.g., 
diesel generator control and field flash, AC load shed and diesel 
generator output circuit breakers, etc.) likely rely upon the batter[y][ies].  
In addition the energization transients of any DC loads that are beyond 
the capability of the battery charger[s] and normally require the 
assistance of the batter[y][ies] will not be able to be brought online.  The 
[2] hour limit allows sufficient time to effect restoration of an inoperable 
battery given that the majority of the conditions that lead to battery 
inoperability (e.g., loss of battery charger, battery cell voltage less than 
[2.07] V, etc.) are identified in Specifications 3.8.4, 3.8.5, and 3.8.6 
together with additional specific completion times. 
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BASES 
 
ACTIONS  (continued) 

 
C.1 
 
Condition C represents one divisionsubsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected divisionsubsystem.  The 
2 hour limit is consistent with the allowed time for an inoperable DC 
Distribution System divisionsubsystem. 
 
If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery charger and 
associated inoperable battery), the remaining DC electrical power 
subsystems have the capacity to support a safe shutdown and to mitigate 
an accident condition.  Since a subsequent worst case single failure 
could, however, result in the loss of the minimum necessary DC electrical 
subsystems to mitigate a worst case accident, continued power operation 
should not exceed 2 hours.  The 2 hour Completion Time is based on 
Regulatory Guide 1.93 (Ref. 7) and reflects a reasonable time to assess 
unit status as a function of the inoperable DC electrical power subsystem 
and, if the DC electrical power subsystem is not restored to OPERABLE 
status, to prepare to effect an orderly and safe unit shutdown. 
 
 
D.1 and D.2 
 
If the inoperable station service DC electrical power subsystem cannot be 
restored to OPERABLE status within the required Completion Time, the 
unit must be brought to a MODE in which the LCO does not apply.  To 
achieve this status, the unit must be brought to at least MODE 3 within 
12 hours and to MODE 4 within 36 hours.  The allowed Completion Times 
are reasonable, based on operating experience, to reach the required 
plant conditions from full power conditions in an orderly manner and 
without challenging plant systems.  The Completion Time to bring the unit 
to MODE 4 is consistent with the time required in Regulatory Guide 1.93 
(Ref. 7). 
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BASES 
 
ACTIONS  (continued) 

 
E.1 
 
If the DG DC electrical power subsystem cannot be restored to 
OPERABLE status in the associated Completion Time, the associated 
DG may be incapable of performing its intended function and must be 
immediately declared inoperable.  This declaration also requires entry into 
applicable Conditions and Required Actions for an inoperable DG, 
LCO 3.8.1, "AC Sources - Operating." 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended function.  Float charge 
is the condition in which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery and maintain the 
battery in a fully charged state while supplying the continuous steady 
state loads of the associated DC subsystem.  On float charge, battery 
cells will receive adequate current to optimally charge the battery.  The 
voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the minimum float voltage established by 
the battery manufacturer ([2.20] Vpc times the number of connected cells 
or [127.6] V for a 58 cell battery at the battery terminals).  This voltage 
maintains the battery plates in a condition that supports maintaining the 
grid life (expected to be approximately 20 years).  The 7 day Frequency is 
consistent with manufacturer recommendations and IEEE-450 (Ref. 8). 
 
 
SR  3.8.4.2 
 
This SR verifies the design capacity of the battery chargers.  According to 
Regulatory Guide 1.32 (Ref. 89), the battery charger supply is 
recommended to be based on the largest combined demands of the 
various steady state loads and the charging capacity to restore the 
battery from the design minimum charge state to the fully charged state, 
irrespective of the status of the unit during these demand occurrences.  
The minimum required amperes and duration ensures that these 
requirements can be satisfied. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Frequency is acceptable, given the unit conditions required to 
perform the test and the other administrative controls existing to ensure 
adequate charger performance during these [18 month] intervals.  In 
addition, this Frequency is intended to be consistent with expected fuel 
cycle lengths. 
 
 
SR  3.8.4.3 
 
A battery service test is a special test of the battery's capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length corresponds to the 
design duty cycle requirements as specified in Reference 4. 
 
The Frequency of [18 months] is consistent with the recommendations of 
Regulatory Guide 1.32 (Ref. 89) and Regulatory Guide 1.129 (Ref. 910), 
which state that the battery service test should be performed during 
refueling operations or at some other outage, with intervals between tests 
not to exceed [18 months]. 
 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
The reason for Note 2 is that performing the Surveillance would remove a 
required DC electrical power subsystem from service, perturb the 
electrical distribution system, and challenge safety systems.  This 
restriction from normally performing the Surveillance in MODE 1 or 2 is 
further amplified to allow portions of the Surveillance to be performed for 
the purpose of reestablishing OPERABILITY (e.g., post work testing 
following corrective maintenance, corrective modification, deficient or 
incomplete surveillance testing, and other unanticipated OPERABILITY 
concerns) provided an assessment determines plant safety is maintained 
or enhanced.  This assessment shall, as a minimum, consider the 
potential outcomes and transients associated with a failed partial 
Surveillance, a successful partial Surveillance, and a perturbation of the 
offsite or onsite system when they are tied together or operated 
independently for the partial Surveillance; as well as the operator 
procedures available to cope with these outcomes.  These shall be 
measured against the avoided risk of a plant shutdown and startup to 
determine that plant safety is maintained or enhanced when portions of 
the Surveillance are performed in MODE 1 or 2.  Risk insights or 
deterministic methods may be used for the assessment.  Credit may be 
taken for unplanned events that satisfy this SR. 

 
REFERENCES  1. 10 CFR 50, Appendix A, GDC 17. 
 
 2. Regulatory Guide 1.6, March 10, 1971. 
 
 3. IEEE Standard 308, 1978. 
 
 4. FSAR, Chapter [8]. 
 
 5. FSAR, Chapter [6]. 
 
 6. FSAR, Chapter [15]. 
 
 7. Regulatory Guide 1.93. 
 
 8. IEEE Standard 450, 1995. 
 
 89. Regulatory Guide 1.32, February 1977. 
 
 910. Regulatory Guide 1.129, December 1974. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident and transient analyses in 
SAFETY  the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), assume that 
ANALYSES Engineered Safety Feature systems are OPERABLE.  The DC electrical 

power system provides normal and emergency DC electrical power for 
the diesel generators (DGs), emergency auxiliaries, and control and 
switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 
 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 4 and 5 and during movement of [recently] irradiated fuel 
assemblies ensures that: 
 
a. The facility can be maintained in the shutdown or refueling condition 

for extended periods, 
 
b. Sufficient instrumentation and control capability is available for 

monitoring and maintaining the unit status, and 
 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as an inadvertent draindown of the 
vessel or a fuel handling accident [involving handling recently 
irradiated fuel.  Due to radioactive decay, DC electrical power is only 
required to mitigate fuel handling accidents involving handling 
recently irradiated fuel (i.e., fuel that has occupied part of a critical 
reactor core within the previous [X] days)]. 

 
In general, when the unit is shut down, the Technical Specifications 
requirements ensure that the unit has the capability to mitigate the 
consequences of postulated accidents.  However, assuming a single 
failure and concurrent loss of all offsite or all onsite power is not required.  
The rationale for this is based on the fact that many Design Basis 
Accidents (DBAs) that are analyzed in MODES 1, 2, and 3 have no 
specific analyses in MODES 4 and 5.  Worst case bounding events are 
deemed not credible in MODES 4 and 5 because the energy contained  
 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



DC Sources - Shutdown 
B 3.8.5 

 
 

 
BWR/4 STS B 3.8.5-2  Rev. 3.0, 03/31/04 

BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
within the reactor pressure boundary, reactor coolant temperature and 
pressure, and the corresponding stresses result in the probabilities of 
occurrence being significantly reduced or eliminated, and in minimal 
consequences.  These deviations from DBA analysis assumptions and 
design requirements during shutdown conditions are allowed by the LCO 
for required systems. 
 
The shutdown Technical Specification requirements are designed to 
ensure that the unit has the capability to mitigate the consequences of 
certain postulated accidents.  Worst case DBAs which are analyzed for 
operating MODES are generally viewed not to be a significant concern 
during shutdown MODES due to the lower energies involved.  The 
Technical Specifications therefore require a lesser complement of 
electrical equipment to be available during shutdown than is required 
during operating MODES.  More recent work completed on the potential 
risks associated with shutdown, however, have found significant risk 
associated with certain shutdown evolutions.  As a result, in addition to 
the requirements established in the Technical Specifications, the industry 
has adopted NUMARC 91-06, "Guidelines for Industry Actions to Assess 
Shutdown Management," as an Industry initiative to manage shutdown 
tasks and associated electrical support to maintain risk at an acceptable 
low level.  This may require the availability of additional equipment 
beyond that required by the shutdown Technical Specifications. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO The DC electrical power subsystems - with:  1) [each required] [the 

required] station service DC subsystem consisting of two 125 V batteries 
in series, two battery chargers, and the corresponding control equipment 
and interconnecting cabling; and 2) [each required] [the required] DG DC 
subsystem consisting of one battery bank, one battery charger, and the 
corresponding control equipment and interconnecting cabling - [are] [is] 
required to be OPERABLE to support [required] [one] DC distribution 
subsystem[s] [required OPERABLE by LCO 3.8.10, "Distribution Systems 
- Shutdown."]  This requirement ensures the availability of sufficient DC 
electrical power sources to operate the unit in a safe manner and to 
mitigate the consequences of postulated events during shutdown (e.g., 
fuel handling accidents [involving handling recently irradiated fuel] and 
inadvertent reactor vessel draindown). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 4 

and 5 and during movement of [recently] irradiated fuel assemblies in the 
secondary containment provide assurance that: 
 
a. Required features to provide adequate coolant inventory makeup are 

available for the irradiated fuel assemblies in the core in case of an 
inadvertent draindown of the reactor vessel, 

 
b. Required features needed to mitigate a fuel handling accident 

[involving handling recently irradiated fuel (i.e., fuel that has occupied 
part of a critical reactor core within the previous [X] days)] are 
available, 

 
c. Required features necessary to mitigate the effects of events that can 

lead to core damage during shutdown are available, and 
 
d. Instrumentation and control capability is available for monitoring and 

maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, and 3 are 
covered in LCO 3.8.4. 

 
ACTIONS LCO 3.0.3 is not applicable while in MODE 4 or 5.  However, since 

irradiated fuel assembly movement can occur in MODE 1, 2, or 3, the 
ACTIONS have been modified by a Note stating that LCO 3.0.3 is not 
applicable.  If moving irradiated fuel assemblies while in MODE 4 or 5, 
LCO 3.0.3 would not specify any action.  If moving irradiated fuel 
assemblies while in MODE 1, 2, or 3, the fuel movement is independent 
of reactor operations.  Entering LCO 3.0.3, while in MODE 1, 2, or 3 
would require the unit to be shutdown unnecessarily. 

 
 

A.1, A.2, and A.3 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of LCO 
3.8.5 includes the potential to require both divisionssubsystems of the DC 
System to be OPERABLE.  If plant-specific implementation results in LCO 
3.8.5 requiring only one divisionsubsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 
 

Condition A represents one divisionsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
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BASES 
 
ACTIONS  (continued) 

 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours 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 [72] hour day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1, B.2.1, B.2.2, B.2.3, and B.2.4 
 
[If more than one DC distribution subsystem is required according to 
LCO 3.8.10, the DC subsystems remaining OPERABLE with one or more 
DC power sources inoperable may be capable of supporting sufficient 
required features to allow continuation of CORE ALTERATIONS, 
[recently] irradiated fuel movement, and operations with a potential for 
draining the reactor vessel.]  By allowance of the option to declare 
required features inoperable with associated DC power sources 
inoperable, appropriate restrictions are implemented in accordance with 
the affected system LCOs' ACTIONS.  In many instances, this option may 
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involve undesired administrative efforts.  Therefore, the allowance for 
sufficiently conservative actions is made (i.e., to suspend CORE 
ALTERATIONS, movement of [recently] irradiated fuel assemblies, and 
any activities that could result in inadvertent draining of the reactor 
vessel). 
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BASES 
 
ACTIONS  (continued) 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize the 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystem[s] and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the plant safety 
systems. 
 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the plant safety systems may 
be without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.3.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR. 
 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES  1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
 
 
 

TSTF-500, Rev. 2 (ISTS Rev. 3.1)



Battery Parameters 
B 3.8.6 

 
 

 
BWR/4 STS B 3.8.6-1  Rev. 3.0, 03/31/04 

B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage for the DC electrical 
power subsystems batteries.  A discussion of these batteries and their 
OPERABILITY requirements is provided in the Bases for LCO 3.8.4, "DC 
Sources -  Operating," and LCO 3.8.5, "DC Sources - Shutdown."  In 
addition to the limitations of this Specification, the [licensee controlled 
program] also implements a program specified in Specification 5.5.14 for 
monitoring various battery parameters that is based on the 
recommendations of IEEE Standard 450-1995, "IEEE Recommended 
Practice For Maintenance, Testing, And Replacement Of Vented Lead-
Acid Batteries For Stationary Applications" (Ref. 1). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in FSAR, Chapter [6] (Ref. 3) and Chapter [15] (Ref. 4), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power subsystems provide normal and emergency DC electrical 
power for the diesel generators (DGs), emergency auxiliaries, and control 
and switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one 
divisionsubsystem of DC sources OPERABLE during accident conditions, 
in the event of: 
 
a. An assumed loss of all offsite AC or all onsite AC power and 
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
b. A worst case single failure. 
 
Since battery parameters support the operation of the DC electrical power 
subsystems, they satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO Battery parameters must remain within acceptable limits to ensure 

availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter limits are conservatively 
established, allowing continued DC electrical system function even with 
limits not met.  Additional preventative maintenance, testing, and 
monitoring performed in accordance with the [licensee controlled 
program] is conducted as specified in Specification 5.5.14. 

 
APPLICABILITY The battery parameters are required solely for the support of the 

associated DC electrical power subsystem.  Therefore, battery parameter 
limits are only required when the DC power source is required to be 
OPERABLE.  Refer to the Applicability discussions in Bases for 
LCO 3.8.4 and LCO 3.8.5. 

 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one divisionsubsystem 
< [2.07] V, the battery cell is degraded.  Within 2 hours verification of the 
required battery charger OPERABILITY is made by monitoring the battery 
terminal voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
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BASES 
 
ACTIONS  (continued) 

 
B.1 and B.2 
 
One or more batteries in one divisionsubsystem with float > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one divisionsubsystem with one or more 
cells electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.14, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.14.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation are taken from Annex D of IEEE Standard 450-1995.  
They are performed following the restoration of the electrolyte level to 
above the top of the plates.  Based on the results of the manufacturer's 
recommended testing the batter[y][ies] may have to be declared 
inoperable and the affected cell[s] replaced. 
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BASES 
 
ACTIONS  (continued) 

 
D.1 
 
With one or more batteries in one divisionsubsystem with pilot cell 
temperature less than the minimum established design limits, 12 hours is 
allowed to restore the temperature to within limits.  A low electrolyte 
temperature limits the current and power available.  Since the battery is 
sized with margin, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and the affected battery is not 
required to be considered inoperable solely as a result of the pilot cell 
temperature not met. 
 
 
E.1 
 
With one or more batteries in redundant divisionssubsystems with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one 
divisionsubsystem within 2 hours. 
 
 
F.1 
 
When any battery parameter is outside the allowances of the Required 
Actions for Condition A, B, C, D, or E, sufficient capacity to supply the 
maximum expected load requirement is not ensured and the 
corresponding battery must be declared inoperable.  Additionally, 
discovering one or more batteries in one divisionsubsystem with one or 
more battery cells float voltage less than [2.07] V and float current greater 
than [2] amps indicates that the battery capacity may not be sufficient to 
perform the intended functions.  The battery must therefore be declared 
inoperable immediately. 
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BASES 
 
REFERENCES  1. IEEE Standard -450, 1995. 
 
 2. FSAR, Chapter [8]. 
 
 3. FSAR, Chapter [6]. 
 
 4. FSAR, Chapter [15]. 
 
 5. IEEE Standard 485, 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The [Division 1], [Division 2], and [Division 3] DC electrical power 

subsystems shall be OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, and 3. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
divisionsubsystem] 
inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A. 3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours7 days 
 

 
[B. One [or two] batter[y][ies 

on one 
divisionsubsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
C. [Division 1 or 2] DC 

electrical power 
subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
C.1 Restore [Division 1 and 2] 

DC electrical power 
subsystems to OPERABLE 
status. 

 

 
[2] hours 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  [DC electrical power subsystem(s) shall be OPERABLE to support the 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown."] 

 
  [One DC electrical power subsystem shall be OPERABLE.] 
 
  -----------------------------------REVIEWER'S NOTE----------------------------------- 
  This second option above applies for plants having a pre-ITS licensing 

basis (CTS) for electrical power requirements during shutdown conditions 
that required only one DC electrical power subsystem to be OPERABLE.  
Action A and the bracketed optional wording in Condition B are also 
eliminated for this case.  The first option above is adopted for plants that 
have a CTS requiring the same level of DC electrical power subsystem 
support as is required for power operating conditions. 

  -------------------------------------------------------------------------------------------------- 
 
 
 
APPLICABILITY: MODES 4 and 5, 
 During movement of [recently] irradiated fuel assemblies in the [primary 

or secondary] containment. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
LCO 3.0.3 is not applicable. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[ A. One [or two] battery 

charger[s on one 
divisionsubsystem] 
inoperable. 

 
 AND 
 
 The redundant division 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
 

 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
[72] hours7 days ] 
 

 
B. One [or more] required 

DC electrical power 
subsystem[s] inoperable 
[for reasons other than 
Condition A. 

 
 OR 
 
 Required Action and 

associated Completion 
Time of Condition A not 
met.] 

 

 
B.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
B.2.1 Suspend CORE 

ALTERATIONS. 
 
      AND 
 
B.2.2 Suspend movement of 

[recently] irradiated fuel 
assemblies in the [primary 
or secondary] containment. 

 
      AND 
 
B.2.3 Initiate action to suspend 

operations with a potential 
for draining the reactor 
vessel. 

 
      AND 
 
B.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
 
 
Immediately 
 
 
 
 
 
 
Immediately 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Parameters 
 
--------------------------------------------------REVIEWER'S NOTE------------------------------------------------- 
Licensees must implement a program, as specified in Specification 5.5.14, to monitor battery 
parameters that is based on the recommendations of IEEE Standard 450-1995, "IEEE 
Recommended Practice For Maintenance, Testing, And Replacement Of Vented Lead-Acid 
Batteries For Stationary Applications." 
------------------------------------------------------------------------------------------------------------------------------- 
 
 
LCO  3.8.6  Battery parameters for the [Division 1, 2, and 3] electrical power 

subsystem batteries shall be within limits. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] batter[y][ies 

on one division 
subsystem] with one or 
more battery cells float 
voltage < [2.07] V. 

 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one subsystem 
division] with float 
current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem 
division] with one or 
more cells electrolyte 
level less than minimum 
established design 
limits. 

 

 
--------------------NOTE------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 
 

 
D. One [or two] batter[y][ies 

on one subsystem 
division] with pilot cell 
electrolyte temperature 
less than minimum 
established design 
limits. 

 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 

 
12 hours 
 

 
E. One or more batteries in 

redundant subsystems 
divisions with battery 
parameters not within 
limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem division to within 
limits. 

 

 
2 hours 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
F. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystem 
division] with one or 
more battery cells float 
voltage < [2.07] V and 
float current > [2] amps. 

 

 
F.1 Declare associated battery 

inoperable. 
 

 
Immediately 
 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 
 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 
 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 
 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE 
 

FREQUENCY 
 

 
SR  3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 
 

 
92 days 
 

 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not normally be performed in 

MODE 1, 2, or 3.  However, portions of the 
Surveillance may be performed to reestablish 
OPERABILITY provided an assessment determines 
the safety of the plant is maintained or enhanced.  
Credit may be taken for unplanned events that 
satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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5.5 Programs and Manuals 
 
5.5.13 Primary Containment Leakage Rate Testing Program  (continued) 
 
   b. The calculated peak containment internal pressure for the design basis loss 

of coolant accident, Pa, is [45 psig].  The containment design pressure is 
[50 psig]. 

 
   c. The maximum allowable containment leakage rate, La, at Pa, shall be [ ]% 

of containment air weight per day. 
 
   d. Leakage rate acceptance criteria are: 
 
    1. Containment leakage rate acceptance criterion is ≤ 1.0 La.  During the 

first unit startup following testing in accordance with this program, the 
leakage rate acceptance criteria are < 0.60 La for the Type B and C 
tests and [< 0.75 La for Option A Type A tests] [≤ 0.75 La for Option B 
Type A tests]. 

 
    2. Air lock testing acceptance criteria are: 
 
     a) Overall air lock leakage rate is ≤ [0.05 La] when tested at ≥ Pa. 
 
     b) For each door, leakage rate is ≤ [0.01 La] when pressurized to 

[≥ 10 psig]. 
 
   e. The provisions of SR 3.0.3 are applicable to the Primary Containment 

Leakage Rate Testing Program. 
 
   f. Nothing in these Technical Specifications shall be construed to modify the 

testing Frequencies required by 10 CFR 50, Appendix J. 
 
5.5.14  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
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    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 
"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
 
    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
 
   This Program provides for battery restoration and maintenance, based on [the 

recommendations of IEEE Standard 450-1995, "IEEE Recommended Practice 
for Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for 
Stationary Applications," or of the battery manufacturer] of the following: 

 
   a. Actions to restore battery cells with float voltage < [2.13] V, and 
 
   b. Actions to equalize and test battery cells that had been discovered with 

electrolyte level below the minimum established design limit. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment.  As required by 
10 CFR 50, Appendix A, GDC 17 (Ref. 1), the DC electrical power system 
is designed to have sufficient independence, redundancy, and testability 
to perform its safety functions, assuming a single failure.  The DC 
electrical power system also conforms to the requirements of Regulatory 
Guide 1.6 (Ref. 2) and IEEE-308 (Ref. 3). 
 
The 125 VDC electrical power system consists of three independent 
Class 1E DC electrical power subsystems, Divisions 1, 2, and 3.  Each 
subsystem consists of a battery, associated battery charger(s), and all the 
associated control equipment and interconnecting cabling. 
 
During normal operation, the DC loads are powered from the battery 
chargers with the batteries floating on the system.  In case of loss of 
normal power to the battery charger, the DC loads are automatically 
powered from the Engineered Safety Feature (ESF) batteries. 
 
Each of the Division 1 and 2 electrical power subsystems provides the 
control power for its associated Class 1E AC power load group, 4.16 kV 
switchgear, and 480 V load centers.  Also, these DC subsystems provide 
DC electrical power to the inverters, which in turn power the AC vital 
buses.  The Division 3 DC electrical power subsystem provides DC 
motive and control power as required for the High Pressure Core Spray 
(HPCS) System diesel generator (DG) set control and protection. 
 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distribution Systems - Operating," and LCO 3.8.10, 
"Distribution Systems - Shutdown." 
 
Each DC battery subsystem is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystems to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems such as batteries, battery chargers, or 
distribution panels.] 
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BASES 
 
BACKGROUND  (continued) 

 
Each Division 1 and 2 battery has adequate storage capacity to meet the 
duty cycle(s) discussed in the FSAR, Chapter [8] (Ref. 4).  The battery is 
designed with additional capacity above that required by the design duty 
cycle to allow for temperature variations and other factors.  The Division 3 
battery has adequate storage to meet the duty cycle(s) discussed in the 
FSAR, Chapter [8] (Ref. 4).  The battery is designed with additional 
capacity above that required by the design duty cycle to allow for 
temperature variations and other factors. 
 
The batteries for a DC electrical power subsystem are sized to produce 
required capacity at 80% of nameplate rating, corresponding to warranted 
capacity at end of life cycles and the 100% design demand.  The 
minimum design voltage limit is [105/210] V. 
 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each battery charger of Division 1 and 2 DC electrical power subsystem 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger has 
sufficient excess capacity to restore the battery bank from the design 
minimum charge to its fully charged state within [12] hours while 
supplying normal steady state loads (Ref. 4). 
 
The battery charger of Division 3 DC electrical power subsystem has 
sufficient excess capacity to restore the battery bank from the design 
minimum charge to its fully charged state in [8] hours while supplying 
normal steady state loads (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 5) and Chapter [15] (Ref. 6), 
ANALYSES assume that ESF systems are OPERABLE.  The DC electrical power 

system provides normal and emergency DC electrical power for the DGs, 
emergency auxiliaries, and control and switching during all MODES of 
operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining DC sources 
OPERABLE during accident conditions in the event of: 
 
a. An assumed loss of all offsite AC power or of all onsite AC power and 
 
b. A worst case single failure. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 
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BASES 
 
LCO The DC electrical power subsystems, each subsystem consisting of one 

battery, one battery charger, and the corresponding control equipment 
and interconnecting cabling supplying power to the associated bus within 
the divisionsubsystems, are required to be OPERABLE to ensure the 
availability of the required power to shut down the reactor and maintain it 
in a safe condition after an anticipated operational occurrence (AOO) or a 
postulated DBA.  Loss of any DC electrical power subsystem does not 
prevent the minimum safety function from being performed (Ref. 4). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, and 3 to ensure safe unit operation and to ensure that: 
 

a. Acceptable fuel design limits and reactor coolant pressure boundary 
limits are not exceeded as a result of AOOs or abnormal transients 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 
The DC electrical power requirements for MODES 4 and 5 are addressed 
in the Bases for LCO 3.8.5, "DC Sources -  Shutdown." 

 
ACTIONS  A.1, A.2, and A.3 
 

Condition A represents one divisionsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has is now 
been fully recharged capable of supplying the maximum expected load 
requirement.  The [2] amp value is based on returning the battery to 
[95]% charge and assumes a [5]% design margin for the battery.  If at the 
expiration of the initial [12] hour period the battery float current is not less 
than or equal to [2] amps this indicates there may be additional battery 
problems and the battery must be declared inoperable. 
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BASES 
 
ACTIONS  (continued) 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt Completion Time greater than 72 hours for 
Required Action A.3 will need to demonstrate that the longer Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications", and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, a 7 day Completion Time can be justified by an acceptable 
method, such as a regulatory commitment that an alternate means to 
charge the batteries will be available that is capable of being supplied 
power from a power source that is independent of the offsite power 
supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours 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 [72] hour day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and RG 1.174., "An Approach for 
Plant-Specific, Risk-Informed Decisionmaking:  Technical 
Specifications." 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one divisionsubsystem with one [or two] 
batter[y][ies] inoperable.  With one [or two] batter[y][ies] inoperable, the 
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DC bus is being supplied by the OPERABLE battery charger[s].  Any 
event that results in a loss of the AC bus supporting the battery charger[s] 
will also result in loss of DC to that divisionsubsystem.  Recovery of the 
AC bus, especially if it is due to a loss of offsite power, will be hampered 
by the fact that many of the components necessary for the recovery (e.g., 
diesel generator control and field flash, AC load shed and diesel 
generator output circuit breakers, etc.) likely rely upon the batter[y][ies].  
In addition the energization transients of any DC loads that are beyond 
the capability of the battery charger[s] and normally require the 
assistance of the batter[y][ies] will not be able to be brought online.  The 
[2] hour limit allows sufficient time to effect restoration of an inoperable 
battery given that the majority of the conditions that lead to battery 
inoperability (e.g., loss of battery charger, battery cell voltage less than 
[2.07] V, etc.) are identified in Specifications 3.8.4, 3.8.5, and 3.8.6 
together with additional specific completion times. 
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BASES 
 
ACTIONS  (continued) 

 
C.1 
 
Condition C represents one divisionsubsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is, therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected divisionsubsystem.  The 
2 hour limit is consistent with the allowed time for an inoperable DC 
distribution subsystem division. 
 
If one of the required [Division 1 or 2] DC electrical power subsystems is 
inoperable for reasons other than Condition A or B (e.g., inoperable 
battery charger and associated inoperable battery), the remaining DC 
electrical power subsystems have the capacity to support a safe 
shutdown and to mitigate an accident condition.  Since a subsequent 
worst case single failure could, however, result in the loss of the minimum 
necessary DC electrical subsystems, continued power operation should 
not exceed 2 hours.  The 2 hour Completion Time is based on Regulatory 
Guide 1.93 (Ref. 7) and reflects a reasonable time to assess unit status 
as a function of the inoperable DC electrical power subsystem and, if the 
DC electrical power subsystem is not restored to OPERABLE status, to 
prepare to effect an orderly and safe unit shutdown. 
 
 
D.1 
 
With the Division 3 DC electrical power subsystem inoperable for reasons 
other than Condition A or B, the HPCS and 2C Standby Service Water 
System may be incapable of performing their intended functions and must 
be immediately declared inoperable.  This declaration also requires entry 
into applicable Conditions and Required Actions of LCO 3.5.1, "ECCS - 
Operating," [and LCO 3.7.1, "Standby Service Water (SSW)] System and 
[Ultimate Heat Sink (UHS)"]]. 
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BASES 
 
ACTIONS  (continued) 

 
E.1 and E.2 
 
If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the associated Completion Time, the unit must 
be brought to a MODE in which the LCO does not apply.  To achieve this 
status, the plant must be brought to at least MODE 3 within 12 hours and 
to MODE 4 within 36 hours.  The allowed Completion Times are 
reasonable, based on operating experience, to reach the required plant 
conditions from full power conditions in an orderly manner and without 
challenging plant systems.  The Completion Time to bring the unit to 
MODE 4 is consistent with the time required in Regulatory Guide 1.93 
(Ref. 7). 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended function.  Float charge 
is the condition in which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery and maintain the 
battery in a fully charged state while supplying the continuous steady 
state loads of the associated DC subsystem.  On float charge, battery 
cells will receive adequate current to optimally charge the battery.  The 
voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the minimum float voltage established by 
the battery manufacturer ([2.20] Vpc times the number of connected cells 
or [127.6] V for a 58 cell battery at the battery terminals).  This voltage 
maintains the battery plates in a condition that supports maintaining the 
grid life (expected to be approximately 20 years).  The 7 day Frequency is 
consistent with manufacturer recommendations and IEEE-450 (Ref. 8). 
 
 
SR  3.8.4.2 
 
This SR verifies the design capacity of the battery chargers.  According to 
Regulatory Guide 1.32 (Ref. 89), the battery charger supply is 
recommended to be based on the largest combined demands of the 
various steady state loads and the charging capacity to restore the 
battery from the design minimum charge state to the fully charged state, 
irrespective of the status of the unit during these demand occurrences.  
The minimum required amperes and duration ensures that these 
requirements can be satisfied. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 
 
 
SR  3.8.4.3 
 
A battery service test is a special test of the battery's capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length corresponds to the 
design duty cycle requirements as specified in Reference 4. 
 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 89) and Regulatory 
Guide 1.129 (Ref. 910), which state that the battery service test should be 
performed during refueling operations or at some other outage, with 
intervals between tests not to exceed [18 months]. 
 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
The reason for Note 2 is that performing the Surveillance would remove a 
required DC electrical power subsystem from service, perturb the 
electrical distribution system, and challenge safety systems.  This 
restriction from normally performing the Surveillance in MODE 1 or 2 is 
further amplified to allow portions of the Surveillance to be performed for 
the purpose of reestablishing OPERABILITY (e.g., post work testing 
following corrective maintenance, corrective modification, deficient or 
incomplete surveillance testing, and other unanticipated OPERABILITY 
concerns) provided an assessment determines plant safety is maintained 
or enhanced.  This assessment shall, as a minimum, consider the 
potential outcomes and transients associated with a failed partial 
Surveillance, a successful partial Surveillance, and a perturbation of the 
offsite or onsite system when they are tied together or operated 
independently for the partial Surveillance; as well as the operator 
procedures available to cope with these outcomes.  These shall be 
measured against the avoided risk of a plant shutdown and startup to 
determine that plant safety is maintained or enhanced when portions of 
the Surveillance are performed in MODE 1 or 2.  Risk insights or 
deterministic methods may be used for the assessment.  Credit may be 
taken for unplanned events that satisfy the Surveillance. 

 
REFERENCES 1. 10 CFR 50, Appendix A, GDC 17. 
 
 2. Regulatory Guide 1.6, March 10, 1971. 
 
 3. IEEE Standard 308, 1978. 
 
 4. FSAR, Chapter [8]. 
 
 5. FSAR, Chapter [6]. 
 
 6. FSAR, Chapter [15]. 
 
 7. Regulatory Guide 1.93, December 1974. 
 
 8. IEEE Standard 450, 1995. 
 
 89. Regulatory Guide 1.32, February 1977. 
 
 910. Regulatory Guide 1.129, December 1974. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident and transient analyses in 
SAFETY  the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), assume that 
ANALYSES Engineered Safety Feature systems are OPERABLE.  The DC electrical 

power system provides normal and emergency DC electrical power for 
the diesel generators, emergency auxiliaries, and control and switching 
during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 
 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 4 and 5 and during movement of [recently] irradiated fuel 
assemblies ensures that: 
 
a. The facility can be maintained in the shutdown or refueling condition 

for extended periods, 
 
b. Sufficient instrumentation and control capability is available for 

monitoring and maintaining the unit status, and 
 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as an inadvertent draindown of the 
vessel or a fuel handling accident [involving handling recently 
irradiated fuel.  Due to radioactive decay, DC electrical power is only 
required to mitigate fuel handling accidents involving handling 
recently irradiated fuel (i.e., fuel that has occupied part of a critical 
reactor core within the previous [X] days)]. 

 
In general, when the unit is shut down, the Technical Specifications 
requirements ensure that the unit has the capability to mitigate the 
consequences of postulated accidents.  However, assuming a single 
failure and concurrent loss of all offsite or all onsite power is not required.  
The rationale for this is based on the fact that many Design Basis 
Accidents (DBAs) that are analyzed in MODES 1, 2, and 3 have no 
specific analyses in MODES 4 and 5.  Worst case bounding events are 
deemed not credible in MODES 4 and 5 because the energy contained  
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
within the reactor pressure boundary, reactor coolant temperature and 
pressure, and the corresponding stresses result in the probabilities of 
occurrence being significantly reduced or eliminated, and in minimal 
consequences.  These deviations from DBA analysis assumptions and 
design requirements during shutdown conditions are allowed by the LCO 
for required systems. 
 
The shutdown Technical Specification requirements are designed to 
ensure that the unit has the capability to mitigate the consequences of 
certain postulated accidents.  Worst case DBAs which are analyzed for 
operating MODES are generally viewed not to be a significant concern 
during shutdown MODES due to the lower energies involved.  The 
Technical Specifications therefore require a lesser complement of 
electrical equipment to be available during shutdown than is required 
during operating MODES.  More recent work completed on the potential 
risks associated with shutdown, however, have found significant risk 
associated with certain shutdown evolutions.  As a result, in addition to 
the requirements established in the Technical Specifications, the industry 
has adopted NUMARC 91-06, "Guidelines for Industry Actions to Assess 
Shutdown Management," as an industry initiative to manage shutdown 
tasks and associated electrical support to maintain risk at an acceptable 
low level.  This may require the availability of additional equipment 
beyond that required by the shutdown Technical Specifications. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO The DC electrical power subsystems, [each required] [the required] 

consisting of [two] battery banks, [one or two] battery charger[s], and the 
corresponding control equipment and interconnecting cabling within the 
divisionsubsystem, are required to be OPERABLE to support [required] 
[one] divisionsubsystem[s] of Distribution System [divisionssubsystems 
required OPERABLE by LCO 3.8.10, "Distribution Systems - 
Shutdown."][.]  This ensures the availability of sufficient DC electrical 
power sources to operate the unit in a safe manner and to mitigate the 
consequences of postulated events during shutdown (e.g., fuel handling 
accidents [involving handling recently irradiated fuel] and inadvertent 
reactor vessel draindown). 

 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 4 

and 5 and during movement of [recently] irradiated fuel assemblies in the 
[primary or secondary containment] provide assurance that: 
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BASES 
 
APPLICABILITY  (continued) 

 
a. Required features to provide adequate coolant inventory makeup are 

available for the irradiated fuel assemblies in the core in case of an 
inadvertent draindown of the reactor vessel, 

 
b. Required features needed to mitigate a fuel handling accident 

[involving handling recently irradiated fuel (i.e., fuel that has occupied 
part of a critical reactor core within the previous [X] days)] are 
available, 

 
c. Required features necessary to mitigate the effects of events that can 

lead to core damage during shutdown are available, and 
 
d. Instrumentation and control capability is available for monitoring and 

maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, and 3 are 
covered in LCO 3.8.4. 

 
ACTIONS  LCO 3.0.3 is not applicable while in MODE 4 or 5.  However, since 

irradiated fuel assembly movement can occur in MODE 1, 2, or 3, the 
ACTIONS have been modified by a Note stating that LCO 3.0.3 is not 
applicable.  If moving irradiated fuel assemblies while in MODE 4 or 5, 
LCO 3.0.3 would not specify any action.  If moving irradiated fuel 
assemblies while in MODE 1, 2, or 3, the fuel movement is independent 
of reactor operations.  Entering LCO 3.0.3, while in MODE 1, 2, or 3 
would require the unit to be shutdown unnecessarily. 

 
 
A.1, A.2, and A.3 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of LCO 
3.8.5 includes the potential to require both divisionssubsystems of the DC 
System to be OPERABLE.  If plant-specific implementation results in LCO 
3.8.5 requiring only one divisionsubsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
Condition A represents one divisionsubsystem with one [or two] battery 
chargers inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting modes, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
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BASES 
 
ACTIONS  (continued) 

 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours 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 [72] hour day Completion Time 
reflects a reasonable time to effect restoration of the qualified battery 
charger to OPERABLE status. 
 
 
B.1, B.2.1, B.2.2, B.2.3, and B.2.4 
 
[If more than one DC distribution subsystem is required according to 
LCO 3.8.10, the DC subsystems remaining OPERABLE with one or more 
DC power sources inoperable may be capable of supporting sufficient 
required features to allow continuation of CORE ALTERATIONS, 
[recently] irradiated fuel movement, and operations with a potential for 
draining the reactor vessel.]  By allowing the option to declare required 
features inoperable with associated DC power source(s) inoperable, 
appropriate restrictions are implemented in accordance with the affected 
system LCOs' ACTIONS.  In many instances this option may involve 
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undesired administrative efforts.  Therefore, the allowance for sufficiently 
conservative actions is made (i.e., to suspend CORE ALTERATIONS, 
movement of [recently] irradiated fuel assemblies, and any activities that 
could result in inadvertent draining of the reactor vessel). 
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BASES 
 
ACTIONS  (continued) 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize the 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystem[s] and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the plant safety 
systems. 
 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the plant safety systems may 
be without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.3  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR. 
 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES 1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage for the DC power source 
batteries.  A discussion of these batteries and their OPERABILITY 
requirements is provided in the Bases for LCO 3.8.4, "DC Sources - 
Operating," and LCO 3.8.5, "DC Sources - Shutdown."  In addition to the 
limitations of this Specification, the [licensee controlled program] also 
implements a program specified in Specification 5.5.14 for monitoring 
various battery parameters that is based on the recommendations of 
IEEE Standard 450-1995, "IEEE Recommended Practice For 
Maintenance, Testing, And Replacement Of Vented Lead-Acid Batteries 
For Stationary Applications" (Ref. 1). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in FSAR, Chapter [6] (Ref. 3) and Chapter [15] (Ref. 4), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE. The DC 

electrical power subsystems provide normal and emergency DC electrical 
power for the diesel generators, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one 
divisionsubsystem of DC sources OPERABLE during accident conditions, 
in the event of: 
 
a. An assumed loss of all offsite AC power or all onsite AC power and 
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
b. A worst case single failure. 
 
Since battery parameters support the operation of the DC power sources, 
they satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO Battery parameters must remain within acceptable limits to ensure 

availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter limits are conservatively 
established, allowing continued DC electrical system function even with 
limits not met.  Additional preventative maintenance, testing, and 
monitoring performed in accordance with the [licensee controlled 
program] is conducted as specified in Specification 5.5.14. 

 
APPLICABILITY The battery parameters are required solely for the support of the 

associated DC electrical power subsystem.  Therefore, battery parameter 
limits are only required when the DC power source is required to be 
OPERABLE.  Refer to the Applicability discussion in Bases for LCO 3.8.4 
and LCO 3.8.5. 

 
ACTIONS  A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one divisionsubsystem 
< [2.07] V, the battery cell is degraded.  Within 2 hours verification of the 
required battery charger OPERABILITY is made by monitoring the battery 
terminal voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
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BASES 
 
ACTIONS  (continued) 

 
B.1 and B.2 
 
One or more batteries in one divisionsubsystem with float > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
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BASES 
 
ACTIONS  (continued) 

 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one divisionsubsystem with one or more 
cells electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.14, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.14.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation are taken from Annex D of IEEE Standard 450-1995.  
They are performed following the restoration of the electrolyte level to 
above the top of the plates.  Based on the results of the manufacturer's 
recommended testing the batter[y][ies] may have to be declared 
inoperable and the affected cell[s] replaced. 
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BASES 
 
ACTIONS  (continued) 

 
D.1 
 
With one or more batteries in one divisionsubsystem with pilot cell 
temperature less than the minimum established design limits, 12 hours is 
allowed to restore the temperature to within limits.  A low electrolyte 
temperature limits the current and power available.  Since the battery is 
sized with margin, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and the affected battery is not 
required to be considered inoperable solely as a result of the pilot cell 
temperature not met. 
 
 
E.1 
 
With one or more batteries in redundant divisionssubsystems with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one 
divisionsubsystem within 2 hours. 
 
 
F.1 
 
When any battery parameter is outside the allowances of the Required 
Actions for Condition A, B, C, D, or E, sufficient capacity to supply the 
maximum expected load requirement is not assured and the 
corresponding battery must be declared inoperable.  Additionally, 
discovering one or more batteries in one divisionsubsystem with one or 
more battery cells float voltage less than [2.07] V and float current greater 
than [2] amps indicates that the battery capacity may not be sufficient to 
perform the intended functions.  The battery must therefore be declared 
inoperable immediately. 
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BASES 
 
REFERENCES 1. IEEE-  Standard 450, 1995. 
 
 2. FSAR, Chapter [8]. 
 
 3. FSAR, Chapter [6]. 
 
 4. FSAR, Chapter [15]. 
 
 5. IEEE Standard 485, 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The Train A and Train B DC electrical power subsystems shall be 

OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, 3, and 4. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystem inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 
 

 
[B. One [or two] batter[y][ies 

on one subsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
CA. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B].. 

 

 
CA.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 

 
[2] hours 
 

 
DB. Required Action and 

Associated Completion 
Time not met. 

 

 
DB.1 Be in MODE 3. 
 
AND 
 
DB.2 Be in MODE 5. 
 

 
6 hours 
 
 
 
36 hours 
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SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.4.1 Verify battery terminal voltage is ≥ [129/258] V on 

float charge greater than or equal to the minimum 
established float voltage. 

 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.2 Verify no visible corrosion at battery terminals and 

connectors. 
 
 OR 
 
 Verify battery connection resistance [is ≤ [1E-5 ohm] 

for inter-cell connections, ≤ [1E-5 ohm] for inter-rack 
connections, ≤ [1E-5 ohm] for inter-tier connections, 
and ≤ [1E-5 ohm] for terminal connections]. 

 

 
92 days 

 
SR  3.8.4.3 Verify battery cells, cell plates, and racks show no 

visual indication of physical damage or abnormal 
deterioration. 

 

 
 
[12] months 

 
SR  3.8.4.4 Remove visible terminal corrosion and verify battery 

cell to cell and terminal connections are [clean and 
tight, and are] coated with anti-corrosion material. 

 

 
[12] months 

 
SR  3.8.4.4 Remove visible terminal corrosion and verify battery 

cell to cell and terminal connections are [clean and 
tight, and are] coated with anti-corrosion material. 

 

 
[12] months 

 
SR  3.8.4.5 Verify battery connection resistance [is ≤ [1E-5 ohm] 

for inter-cell connections, ≤ [1E-5 ohm] for inter-rack 
connections, ≤ [1E-5 ohm] for inter-tier connections, 
and ≤ [1E-5 ohm] for terminal connections]. 

 

 
[12] months 

 
SR  3.8.4.26  -----------------------------NOTE------------------------------- 

This Surveillance shall not be performed in 
MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 
--------------------------------------------------------------------- 

 
 Verify each battery charger supplies ≥ [400] amps at 

greater than or equal to the minimum established 
float voltage ≥ [125/250] V for ≥ [8] hours. 

 
 OR 
 
 Verify each battery charger can recharge the battery 

 
 
 
 
 
 
 
[18 months] 
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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. 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.37  -----------------------------NOTE------------------------------- 

1.  The modified performance discharge test in 
SR 3.8.6.64.8 may be performed in lieu of the 
service test in SR 3.8.4.37 once per 
60 months. 

 
2.  This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, credit may be 
taken for unplanned events that satisfy this 
SR. 

--------------------------------------------------------------------- 
 
 Verify battery capacity is adequate to supply, and 

maintain in OPERABLE status, the required 
emergency loads for the design duty cycle when 
subjected to a battery service test. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
[18 months] 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.8  -----------------------------NOTE------------------------------- 

This Surveillance shall not be performed in 
MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 
------------------------------------------------------------------- 

 
 Verify battery capacity is ≥ [80]% of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's  
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  DC electrical power subsystem shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown." 

 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of irradiated fuel assemblies. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
subsystem] inoperable. 

 
 AND 
 
 The redundant 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours ] 

 
BA. One or more required 

DC electrical power 
subsystems inoperable. 
[for reasons other than 
Condition A.] 

 
 OR 
 
 Required Actions and 

associated Completion 
Time of Condition A not 
met]. 

 
 

 
BA.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
BA.2.1 Suspend CORE 

ALTERATIONS. 
 
 AND 
 
BA.2.2 Suspend movement of 

irradiated fuel assemblies.  
 
 AND 
 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
BA.2.3 Initiate action to suspend 

operations involving 
positive reactivity additions. 

 
 AND 
 
BA.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

Immediately 
 
 
 
 
 
Immediately 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.5.1 -------------------------------NOTE------------------------------ 
 The following SRs are not required to be performed:  

SR 3.8.4.26, and SR 3.8.4.37, and SR 3.8.4.8. 
 --------------------------------------------------------------------- 
 
 For DC sources required to be OPERABLE, the 

following SRs are applicable: 
 
SR 3.8.4.1 SR 3.8.4.4 SR 3.8.4.7 
SR 3.8.4.2 SR 3.8.4.5 SR 3.8.4.8. 
SR 3.8.4.3 SR 3.8.4.6 

 

 
 
 
 
 
 
In accordance 
with applicable 
SRs 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Cell Parameters 
 
 
 
LCO  3.8.6  Battery cell parameters for the Train A and Train B electrical power 

subsystem batteries shall be within the limits of Table 3.8.6-1. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One or more batteries 

with one or more battery 
cell parameters not 
within Category A or B 
limits. 

 

 
A.1 Verify pilot cell[s] electrolyte 

level and float voltage meet 
Table 3.8.6-1 Category C 
values. 

 
AND 
 
A.2 Verify battery cell 

parameters meet 
Table 3.8.6-1 Category C 
values. 

 
 
 
AND 
 
A.3 Restore battery cell 

parameters to Category A 
and B limits of 
Table 3.8.6-1. 

 

 
1 hour 
 
 
 
 
 
 
24 hours 
 
AND 
 
Once per 7 days 
thereafter 
 
 
 
31 days 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
A. One [or two] batter[y][ies 

on one subsystem] with 
one or more battery cells 
float voltage < [2.07] V. 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one subsystem] with 
float current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem] with 
one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 
-------------------NOTE-------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 

 
D. One [or two] batter[y][ies 

on one subsystem] with 
pilot cell electrolyte 
temperature less than 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 
12 hours 

TSTF-500, Rev. 2 (ISTS Rev. 1)



Battery Cell Parameters 
3.8.6 

 
 

BWOG STS 3.8.6-3 Rev. 1.0, 04/07/95   

minimum established 
design limits. 

 

 

 
E. One or more batteries in 

redundant subsystems 
with battery parameters 
not within limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem to within limits. 

 
2 hours 

 
FB. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystems] with 
one or more battery cells 
float voltage < [2.07] V 
and float current > [2] 
amps. One or more 
batteries with average 
electrolyte temperature 
of the representative 
cells < [60]°F. 

 
 OR 
 
 One or more batteries 

with one or more battery 
cell parameters not 
within Category C 
values. 

 

 
FB.1 Declare associated battery 

inoperable. 
 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 Verify battery cell parameters meet Table 3.8.6-1 

Category A limits. 
 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.6.2 Verify battery cell parameters meet Table 3.8.6-1 

Category B limits. 
 
 

 
92 days 
 
AND 
 
Once within 
24 hours after a 
battery discharge 
< [110] V 
 
AND 
 
Once within 
24 hours after a 
battery 
overcharge 
> [150] V 
 

 
SR  3.8.6.3 Verify average electrolyte temperature of 

representative cells is ≥ [60]°F. 
 

 
92 days 

 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ 

[2.07] V. 
 

 
31 days 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 

 
SR 3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 

 
92 days 
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SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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Table 3.8.6-1 (page 1 of 1) 
Battery Cell Surveillance Requirements 

 
 
 
 
 

PARAMETER 

 
CATEGORY A: 

LIMITS FOR EACH 
DESIGNATED 
PILOT CELL 

 
 

CATEGORY B: 
LIMITS FOR EACH 
CONNECTED CELL 

 
CATEGORY C: 

ALLOWABLE LIMITS 
FOR EACH 

CONNECTED CELL 
 

 
Electrolyte Level 

 

 
> Minimum level 
indication mark, 

and ≤ ¼ inch 
above maximum 
level indication 

mark(a) 
 

 
> Minimum level 
indication mark, 

and # ¼ inch 
above maximum 
level indication 

mark(a) 
 

 
Above top of plates, 
and not overflowing 

 

 
Float Voltage 

 

 
≥ 2.13 V 

 

 
≥ 2.13 V 

 

 
> 2.07 V 

 
 

Specific Gravity(b)(c) 
 

 
≥  [1.200] 

 

 
≥  [1.195] 

 
AND 

 
Average of all 

connected cells 
> [1.205] 

 

 
Not more than 
0.020 below 

average of all 
connected cells 

 
AND 

 
Average of all 

connected cells 
≥ [1.1905 

 
 

(a) It is acceptable for the electrolyte level to temporarily increase above the specified 
maximum during equalizing charges provided it is not overflowing. 

 
(b) Corrected for electrolyte temperature and level.  Level correction is not required, 

however, when battery charging is < [2] amps when on float charge. 
 

(c) A battery charging current of < [2] amps when on float charge is acceptable for meeting 
specific gravity limits following a battery recharge, for a maximum of [7] days.  When charging 
current is used to satisfy specific gravity requirements, specific gravity of each connected cell 

shall be measured prior to expiration of the [7] day allowance. 
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5.5 Programs and Manuals 
 
5.5.17  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
 
 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
B 3.8.4 

 
 

 
BWOG STS B 3.8.4-1  Rev. 1.0, 04/07/95  

B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment and preferred AC vital 
bus power (via inverters).  As required by 10 CFR 50, Appendix A, 
GDC 17 (Ref. 1), the DC electrical power system is designed to have 
sufficient independence, redundancy, and testability to perform its safety 
functions, assuming a single failure.  The DC electrical power system also 
conforms to the recommendations of Regulatory Guide 1.6 (Ref. 2) and 
IEEE-308 (Ref. 3). 

 
The [125/250] VDC electrical power system consists of two independent 
and redundant safety related Class 1E DC electrical power subsystems 
([Train A and Train B]).  Each subsystem consists of [two] 125 VDC 
batteries [(each battery [50]% capacity)], the associated battery charger[s] 
for each battery, and all the associated control equipment and 
interconnecting cabling. 

 
[The 250 VDC source is obtained by use of the two 125 VDC batteries 
connected in series.  Additionally, there is [one] spare battery charger per 
subsystem, which provides backup service in the event that the preferred 
battery charger is out of service.  If the spare battery charger is 
substituted for one of the preferred battery chargers, then the 
requirements of independence and redundancy between subsystems are 
maintained.] 
 
During normal operation, the [125/250] VDC load is powered from the 
battery chargers with the batteries floating on the system.  In case of loss 
of normal power to the battery charger, the DC load is automatically 
powered from the station batteries. 

 
The [Train A and Train B] DC electrical power subsystems provide the 
control power for its associated Class 1E AC power load group, [4.16] kV 
switchgear, and [480] V load centers.  The DC electrical power 
subsystems also provide DC electrical power to the inverters, which in 
turn power the AC vital buses. 
 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distributions System - Operating," and for LCO 3.8.10, 
"Distribution Systems - Shutdown." 
 
Each battery has adequate storage capacity to carry the required load 
continuously for at least 2 hours and to perform three complete cycles of 
intermittent loads discussed in the FSAR, Chapter [8] (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
Each 125/250 VDC battery is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystem to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems, such as batteries, battery chargers, or 
distribution panels.] 

 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for Train A and Train B DC electrical power subsystems are 
sized to produce required capacity at 80% of nameplate rating, 
corresponding to warranted capacity at end of life cycles and the 100% 
design demand.  The minimum design voltage limit is [105/210] V.  
Battery size is based on 125% of required capacity and, after selection of 
an available commercial battery, results in a battery capacity in excess of 
150% of required capacity.  The voltage limit is 2.13 V per cell, which 
corresponds to a total minimum voltage output of 128 V per battery 
discussed in the FSAR, Chapter [8] (Ref. 4).  The criteria for sizing large 
lead storage batteries are defined in IEEE-485 (Ref. 5). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each Train A and Train B DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger also has 
sufficient excess capacity to restore the battery from the design minimum 
charge to its fully charged state within [24] hours while supplying normal 
steady state loads discussed in the FSAR, Chapter [8] (Ref. 4). 
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The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 
 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 56) and Chapter [15] (Ref. 67), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC sources is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining the DC sources 
OPERABLE during accident conditions in the event of: 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 

 
b. A worst-case single failure. 

 
The DC sources satisfy Criterion 3 of the NRC Policy Statement. 
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BASES 
 
LCO The DC electrical power subsystems, each subsystem consisting of [two] 

batteries, battery charger [for each battery] and the corresponding control 
equipment and interconnecting cabling supplying power to the associated 
bus within the train subsystem are required to be OPERABLE to ensure 
the availability of the required power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
(AOO) or a postulated DBA.  Loss of any train DC electrical power 
subsystem does not prevent the minimum safety function from being 
performed (Ref. 4). 

 
An OPERABLE DC electrical power subsystem requires all required 
batteries and respective chargers to be operating and connected to the 
associated DC bus(es). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, 3, and 4 to ensure safe unit operation and to ensure that: 
 
 a. Acceptable fuel design limits and reactor coolant pressure boundary 

limits are not exceeded as a result of AOOs or abnormal transients; 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 

The DC electrical power requirements for MODES 5 and 6 are addressed 
in the Bases for LCO 3.8.5, "DC Sources - Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
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current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it is now fully 
capable of supplying the maximum expected load requirement.  The [2] 
amp value is based on returning the battery to [95]% charge and 
assumes a [5]% design margin for the battery.  If at the expiration of the 
initial [12] hour period the battery float current is not less than or equal to 
[2] amps this indicates there may be additional battery problems and the 
battery must be declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications," and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, the 7 day Completion Time can be justified by an 
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acceptable method, such as a regulatory commitment that an alternate 
means to charge the batteries will be available that is capable of being 
supplied power from a power source that is independent of the offsite 
power supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and RG 1.174. 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one division] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one subsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that subsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific Completion Times. 
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CA.1 

 
Condition CA represents one train subsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected  trainsubsystem.  The 
2 hour limit is consistent with the allowed time for an inoperable DC 
distribution subsystem train. 
 
If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery, inoperable 
battery charger(s), or inoperable battery charger and associated 
inoperable battery), the remaining DC electrical power subsystem has the 
capacity to support a safe shutdown and to mitigate an accident 
condition.  Since a subsequent worst- case single failure cwould, 
however, result in the complete loss of the minimum necessary DC 
electrical subsystems to mitigate a worst case accidentthe remaining 
250/125 VDC electrical power subsystems with attendant loss of ESF 
functions, continued power operation should not exceed 2 hours.  The  
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BASES 
 
ACTIONS  (continued) 

 
2 hour Completion Time is based on Regulatory Guide 1.93 (Ref. 78) and 
reflects a reasonable time to assess unit status as a function of the 
inoperable DC electrical power subsystem and, if the DC electrical power 
subsystem is not restored to OPERABLE status, to prepare to effect an 
orderly and safe unit shutdown. 
 
 
DB.1 and DB.2 

 
If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the unit must be 
brought to a MODE in which the LCO does not apply.  To achieve this 
status, the unit must be brought to at least MODE 3 within 6 hours and to 
MODE 5 within 36 hours.  The allowed Completion Times are reasonable, 
based on operating experience, to reach the required unit conditions from 
full power conditions in an orderly manner and without challenging plant 
systems.  The Completion Time to bring the unit to MODE 5 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 78). 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended functioncharging 
system and the ability of the batteries to perform their intended function.  
Float charge is the condition in which the charger is supplying the 
continuous charge required to overcome the internal losses of a battery 
(or battery cell) and maintain the battery (or a battery cell) in a fully 
charged state while supplying the continuous steady state loads of the 
associated DC subsystem.  On float charge, battery cells will receive 
adequate current to optimally charge the battery.  The voltage 
requirements are based on the nominal design voltage of the battery and 
are consistent with the minimum float voltage established by the battery 
manufacturer ([2.20] Vpc times the number of connected cells or [127.6] 
V for a 58 cell battery at the battery terminals).  This voltage maintains the 
battery plates in a condition that supports maintaining the grid life..  The 
voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the initial voltages assumed in the battery 
sizing calculations.  The 7 day Frequency is consistent with manufacturer 
recommendations and IEEE-450 (Ref. 9). 
 
 
SR  3.8.4.2  
 
Visual inspection to detect corrosion of the battery cells and connections, 
or measurement of the resistance of each intercell, interrack, intertier, and 
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terminal connection, provides an indication of physical damage or 
abnormal deterioration that could potentially degrade battery 
performance. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The limits established for this SR must be no more than 20% above the 
resistance as measured during installation or not above the ceiling value 
established by the manufacturer. 

 
The Surveillance Frequency for these inspections, which can detect 
conditions that can cause power losses due to resistance heating, is 
92 days.  This Frequency is considered acceptable based on operating 
experience related to detecting corrosion trends. 
 
 
SR  3.8.4.3 
 
Visual inspection of the battery cells, cell plates, and battery racks 
provides an indication of physical damage or abnormal deterioration that 
could potentially degrade battery performance. 
 
[The 12 month Frequency for this SR is consistent with IEEE-450 (Ref. 9), 
which recommends detailed visual inspection of cell condition and rack 
integrity on a yearly basis. ] 
 
 
SR  3.8.4.4 and SR  3.8.4.5 
 
Visual inspection and resistance measurements of intercell, interrack, 
intertier, and terminal connections provide an indication of physical 
damage or abnormal deterioration that could indicate degraded battery 
condition.  The anticorrosion material is used to help ensure good 
electrical connections and to reduce terminal deterioration.  The visual 
inspection for corrosion is not intended to require removal of and 
inspection under each terminal connection.  The removal of visible 
corrosion is a preventive maintenance SR.  The presence of visible 
corrosion does not necessarily represent a failure of this SR provided 
visible corrosion is removed during performance of SR 3.8.4.4. 
 
[Reviewer's Note:  The requirement to verify that terminal connections are 
clean and tight applies only to nickel cadmium batteries as per IEEE 
Standard P1106, "IEEE Recommended Practice for Installation, 
Maintenance, Testing and Replacement of Vented Nickel - Cadmium 
Batteries for Stationary Applications."  This requirement may be removed 
for lead acid batteries.] 
 
The connection resistance limits for SR 3.8.4.5 shall be no more than 
20% above the resistance as measured during installation, or not above 
the ceiling value established by the manufacturer. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

[The Surveillance Frequencies of [12] months is consistent with IEEE-450 
(Ref. 9), which recommends cell to cell and terminal connection 
resistance measurement on a yearly basis.] 
 
 
SR  3.8.4.26 
 
This SR verifies requires that each battery charger be capable of 
supplying [400] amps and [250/125] V for ≥ [8] hours.  These 
requirements are based on the design capacity of the chargers (Ref. 4).  
According to Regulatory Guide 1.32  (Ref. 810), the battery charger 
supply is required recommended to be based on the largest combined 
demands of the various steady state loads and the charging capacity to 
restore the battery from the design minimum charge state to the fully 
charged state, irrespective of the status of the unit during these demand 
occurrences.  The minimum required amperes and duration ensure that 
these requirements can be satisfied. 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 
 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
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challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
 
 
SR  3.8.4.37  

 
A battery service test is a special test of the battery capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length should correspond to 
the design duty cycle requirements as specified in Reference 4. 

 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 810) and Regulatory 
Guide 1.129 (Ref. 911), which state that the battery service test should be 
performed during refueling operations, or at some other outage, with 
intervals between tests not to exceed [18 months].   

 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test once per 
60 months. 
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BASES 
 

SURVEILLANCE REQUIREMENTS  (continued) 
 

The modified performance discharge test is a simulated duty cycle 
consisting of just two rates; the one minute rate published for the battery 
or the largest current load of the duty cycle, followed by the test rate 
employed for the performance test, both of which envelope the duty cycle 
of the service test.  Since the ampere-hours removed by a rated one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test should 
remain above the minimum battery terminal voltage specified in the 
battery service test for the duration of time equal to that of the service 
test.  

 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test.  

 
The reason for Note 2 is that performing the Surveillance would perturb 
the electrical distribution system and challenge safety systems.  Credit 
may be taken for unplanned events that satisfy this SR. 
 
 
SR  3.8.4.8 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 

 
A battery modified performance discharge test is described in the Bases 
for SR 3.8.4.7.  Either the battery performance discharge test or the 
modified performance discharge test is acceptable for satisfying 
SR 3.8.4.8; however, only the modified performance discharge test may 
be used to satisfy SR 3.8.4.8 while satisfying the requirements of 
SR 3.8.4.7 at the same time.  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 9) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements. 

 
The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity $ 100% of the manufacturer's ratings.  Degradation is 
indicated, according to IEEE-450 (Ref. 9), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is ≥ [10%] below the manufacturer's rating.  
These Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 9). 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 

 
REFERENCES  1. 10 CFR.50, Appendix A, GDC 17. 
 
 2. Regulatory Guide 1.6, March 10, 1971. 
 
 3. IEEE-308-[1978]. 
 
 4. FSAR, Chapter [8]. 
 
 5. IEEE-485-[1983], June 1983. 
 
 56. FSAR, Chapter [6]. 
 
 67. FSAR, Chapter [15]. 
 
 78. Regulatory Guide 1.93, December 1974. 
 
 9. IEEE-450-[1987]. 
 
 810. Regulatory Guide 1.32, February 1977. 
 
 911. Regulatory Guide 1.129, December 1974. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 1) and Chapter [14] (Ref. 2), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 

 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 5 and 6 and during movement of irradiated fuel assemblies 
ensures that: 

 
a. The unit can be maintained in the shutdown or refueling condition 

for extended periods; 
 

b. Sufficient instrumentation and control capability is available for 
monitoring and maintaining the unit status; and 

 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as a fuel handling accident. 
 

The DC sources satisfy Criterion 3 of the NRC Policy Statement. 
 
LCO The DC electrical power subsystems, each subsystem consisting of two 

batteries, one battery charger per battery, and the corresponding control 
equipment and interconnecting cabling within the trainsubsystem, are 
required to be OPERABLE to support required subsystems trains of the 
distribution systems required OPERABLE by LCO 3.8.10, "Distribution 
Systems —Shutdown."  This ensures the availability of sufficient DC 
electrical power sources to operate the unit in a safe manner and to 
mitigate the consequences of postulated events during shutdown (e.g., 
fuel handling accidents). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 5 

and 6 and during movement of irradiated fuel assemblies, provide 
assurance that: 

 
a. Required features to provide adequate coolant inventory makeup 

are available for the irradiated fuel assemblies in the core; 
 

b. Required features needed to mitigate a fuel handling accident are 
available; 

 
c. Required features necessary to mitigate the effects of events that 

can lead to core damage during shutdown are available; and 
 

d. Instrumentation and control capability is available for monitoring 
and maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, 3, and 4 are 
covered in LCO 3.8.4. 

 
ACTIONS A.1, A.2, and A.3 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of 
LCO 3.8.5 includes the potential to require both subsystems of the DC 
System to be OPERABLE.  If plant-specific implementation results in 
LCO 3.8.5 requiring only one subsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
 
Condition A represents one subsystem with one [or two] battery 
charger[s] inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
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-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
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-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 

 
   BA.1, BA.2.1, BA.2.2, BA.2.3, and BA.2.4 
 

If two trains subsystems are required by LCO 3.8.10, the remaining train 
subsystem with DC power available may be capable of supporting 
sufficient systems to allow continuation of CORE ALTERATIONS and fuel 
movement.  By allowing the option to declare required features inoperable 
with the associated DC power source(s) inoperable, appropriate 
restrictions will be implemented in accordance with the affected required 
features LCO ACTIONS.  In many instances this option may involve 
undesired administrative efforts.  Therefore, the allowance for sufficiently 
conservative actions is made (i.e., to suspend CORE ALTERATIONS, 
movement of irradiated fuel assemblies, and operations involving positive 
reactivity additions).  The Required Action to suspend positive reactivity 
additions does not preclude actions to maintain or increase reactor vessel 
inventory, provided the required SDM is maintained. 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystems and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the unit safety 
systems. 
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BASES 
 
ACTIONS  (continued) 

 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the unit safety systems may be 
without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.38.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR. 

 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES  1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [14]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Cell Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage, and specific gravity for 
the DC power subsystem source batteries.  A discussion of these 
batteries and their OPERABILITY requirements is provided in the Bases 
for LCO 3.8.4, "DC Sources - Operating," and LCO 3.8.5, "DC Sources - 
Shutdown."  In addition to the limitations of this Specification, the 
[licensee controlled program] also implements a program specified in 
Specification 5.5.17 for monitoring various battery parameters. 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 31) and Chapter [15] (Ref. 42), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power system provides normal and emergency DC electrical 
power for the DGs, emergency auxiliaries, and control and switching 
during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one train 
subsystem of DC sources OPERABLE during accident conditions, in the 
event of: 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 

 
b. A worst-case single failure. 

 
Battery cell parameters satisfy Criterion 3 of the NRC Policy Statement. 

 

TSTF-500, Rev. 2 (ISTS Rev. 1)



Battery Cell Parameters 
B 3.8.6 

 
 

 
BWOG STS B 3.8.6-2  Rev. 1.0, 04/07/95  

LCO Battery cell parameters must remain within acceptable limits to ensure 
availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter Electrolyte limits are 
conservatively established, allowing continued DC electrical system 
function even with Category A and B limits not met.  Additional 
preventative maintenance, testing, and monitoring performed in 
accordance with the [licensee controlled program] is conducted as 
specified in Specification 5.5.17. 

 
APPLICABILITY The battery cell parameters are required solely for the support of the 

associated DC electrical power subsystems.  Therefore, battery 
electrolyte parameter limits are is only required when the DC power 
source is required to be OPERABLE.  Refer to the Applicability discussion 
in Bases for LCO 3.8.4 and LCO 3.8.5. 
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BASES 
 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries not within limits (i.e., 
Category A limits not met or Category B limits not met or Category A 
and B limits not met) but within the Category C limits specified in 
Table 3.8.6-1 in the accompanying LCO, the battery is degraded but there 
is still sufficient capacity to perform the intended function.  Therefore, the 
affected battery is not required to be considered inoperable solely as a 
result of Category A or B limits not met, and continued operation is 
permitted for a limited period. 

 
The pilot cell electrolyte level and float voltage are required to be verified 
to meet the Category C limits within 1 hour (Required Action A.1).  This 
check will provide a quick indication of the status of the remainder of the 
battery cells.  One hour provides time to inspect the electrolyte level and 
to confirm the float voltage of the pilot cells.  One hour is considered a 
reasonable amount of time to perform the required verification. 

 
Verification that the Category C limits are met (Required Action A.2) 
provides assurance that during the time needed to restore the parameters 
to the Category A and B limits, the battery will still be capable of 
performing its intended function.  A period of 24 hours is allowed to 
complete the initial verification because specific gravity measurements 
must be obtained for each connected cell.  Taking into consideration both 
the time required to perform the required verification and the assurance 
that the battery cell parameters are not severely degraded, this time is 
considered reasonable.  The verification is repeated at 7 day intervals 
until the parameters are restored to Category A and B limits.  This 
periodic verification is consistent with the normal Frequency of pilot cell 
Surveillances. 
 
Continued operation is only permitted for 31 days before battery cell 
parameters must be restored to within Category A and B limits.  With the 
consideration that, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and to allow time to fully restore 
the battery cell parameters to normal limits, this time is acceptable prior to 
declaring the battery inoperable. 

 
 
 A.1, A.2, and A.3 
 

 
With one or more cells in one or more batteries in one subsystem < [2.07] 
V, the battery cell is degraded.  Within 2 hours verification of the required 
battery charger OPERABILITY is made by monitoring the battery terminal 
voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
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Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
 
 
B.1 and B.2 
 
 
One or more batteries in one subsystem with float current > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
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2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
 
With one or more batteries in one subsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.17, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.17.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation.  They are performed following the restoration of the 
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electrolyte level to above the top of the plates.  Based on the results of 
the manufacturer's recommended testing the batter[y][ies] may have to be 
declared inoperable and the affected cell[s] replaced. 
 
 
D.1 
 
 
With one or more batteries in one subsystem with pilot cell temperature 
less than the minimum established design limits, 12 hours is allowed to 
restore the temperature to within limits.  A low electrolyte temperature 
limits the current and power available.  Since the battery is sized with 
margin, while battery capacity is degraded, sufficient capacity exists to 
perform the intended function and the affected battery is not required to 
be considered inoperable solely as a result of the pilot cell temperature 
not met. 
 
 
E.1 
 
 
With one or more batteries in redundant subsystem s with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one subsystem 
within 2 hours. 
 
 
FB.1  

 
With one or more batteries with any one or more battery cell parameters 
outside the allowances of the Required Actions for Condition A, B, C, D, 
or E, Category C limit for any connected cell, sufficient capacity to supply 
the maximum expected load requirement is not assured and the 
corresponding battery DC electrical power subsystem must be declared 
inoperable.  Additionally, , discovering one or more batteries in one 
subsystem with one or more battery cells float voltage less than [2.07] V 
and float current greater than [2] amps indicates that the battery capacity 
may not be sufficient to perform the intended functions.  The battery must 
therefore be declared inoperable immediately other potentially extreme 
conditions, such as not  
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BASES 
 
ACTIONS  (continued) 

 
completing the Required Actions of Condition A within the required 
Completion Time or average electrolyte temperature of representative 
cells falling below 60EF, are also cause for immediately declaring the 
associated DC electrical power subsystem inoperable. 

 
SURVEILLANCE SR  3.8.6.1 
REQUIREMENTS 

Verifying battery float current while on float charge is used to determine 
the state of charge of the battery.  Float charge is the condition in which 
the charger is supplying the continuous charge required to overcome the 
internal losses of a battery and maintain the battery in a charged state.  
The equipment used to monitor float current must have the necessary 
accuracy and capability to measure electrical currents in the expected 
range.  The float current requirements are based on the float current 
indicative of a charged battery.  The 7 day Frequency is consistent with 
IEEE-450 (Ref. 1). 
 
This SR is modified by a Note that states the float current requirement is 
not required to be met when battery terminal voltage is less than the 
minimum established float voltage of SR 3.8.4.1.  When this float voltage 
is not maintained the Required Actions of LCO 3.8.4 ACTION A are being 
taken, which provide the necessary and appropriate verifications of the 
battery condition.  Furthermore, the float current limit of [2] amps is 
established based on the nominal float voltage value and is not directly 
applicable when this voltage is not maintained. 
 
 
SR  3.8.6.2 and SR  3.8.6.5 
 
Optimal long term battery performance is obtained by maintaining a float 
voltage greater than or equal to the minimum established design limits 
provided by the battery manufacturer, which corresponds to [130.5] V at 
the battery terminals, or [2.25] Vpc.  This provides adequate over-
potential, which limits the formation of lead sulfate and self discharge, 
which could eventually render the battery inoperable.  Float voltages in 
this range or less, but greater than [2.07] Vpc, are addressed in 
Specification 5.5.17.  SRs 3.8.6.2 and 3.8.6.5 require verification that the 
cell float voltages are equal to or greater than the short term absolute 
minimum voltage of [2.07] V.  The Frequency for cell voltage verification 
every 31 days for pilot cell and 92 days for each connected cell is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.3 
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The limit specified for electrolyte level ensures that the plates suffer no 
physical damage and maintains adequate electron transfer capability.  
The minimum design electrolyte level is the minimum level indication 
mark on the battery cell jar.  The Frequency is consistent with IEEE-450 
(Ref. 1). 
 
 
SR  3.8.6.4 
 
This Surveillance verifies that the pilot cell temperature is greater than or 
equal to the minimum established design limit (i.e., [40]°F).  Pilot cell 
electrolyte temperature is maintained above this temperature to assure 
the battery can provide the required current and voltage to meet the 
design requirements.  Temperatures lower than assumed in battery sizing 
calculations act to inhibit or reduce battery capacity.  The Frequency is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.6 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
Either the battery performance discharge test or the modified 
performance discharge test is acceptable for satisfying SR 3.8.6.6; 
however, only the modified performance discharge test may be used to 
satisfy the battery service test requirements of SR 3.8.4.3. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 
 
It may consist of just two rates; for instance the one minute rate for the 
battery or the largest current load of the duty cycle, followed by the test 
rate employed for the performance test, both of which envelope the duty 
cycle of the service test.  Since the ampere-hours removed by a one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test must remain 
above the minimum battery terminal voltage specified in the battery 
service test for the duration of time equal to that of the service test.  
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The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 1) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements.  
Furthermore, the battery is sized to meet the assumed duty cycle loads 
when the battery design capacity reaches this [80]% limit. 
 
The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity ≥ 100% of the manufacturer's ratings.  Degradation is 
indicated, according to IEEE-450 (Ref. 1), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is ≥ [10%] below the manufacturer's rating.  
These Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 1). 
 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
 
This SR verifies that Category A battery cell parameters are consistent 
with IEEE-450 (Ref. 3), which recommends regular battery inspections (at 
least one per month) including voltage, specific gravity, and electrolyte 
temperature of pilot cells. 

 
 

SR  3.8.6.2  
 

The quarterly inspection of specific gravity and voltage is consistent with 
IEEE-450 (Ref. 3).  In addition, within 24 hours of a battery discharge 
< [110] V or a battery overcharge > [150] V, the battery must be 
demonstrated to meet Category B limits.  Transients, such as motor 
starting transients, which may momentarily cause battery voltage to drop 
to ≤ [110] V, do not constitute a battery discharge provided battery 
terminal voltage and float current return to pre-transient values.  This 
inspection is also consistent with IEEE-450 (Ref. 3), which recommends 
special inspections following a severe discharge or overcharge, to ensure 
that no significant degradation of the battery occurs as a consequence of 
such discharge or overcharge. 

 
 

SR  3.8.6.3 
 

This Surveillance verification that the average temperature of 
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representative cells is > [60]°F is consistent with a recommendation of 
IEEE-450 (Ref. 3), which states that the temperature of electrolytes in 
representative cells should be determined on a quarterly basis. 

 
Lower than normal temperatures act to inhibit or reduce battery capacity.  
This SR ensures that the operating temperatures remain within an 
acceptable operating range.  This limit is based on manufacturer 
recommendations. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Table 3.8.6-1  

 
This table delineates the limits on electrolyte level, float voltage, and 
specific gravity for three different categories.  The meaning of each 
category is discussed below. 

 
Category A defines the normal parameter limit for each designated pilot 
cell in each battery.  The cells selected as pilot cells are those whose 
temperature, voltage and electrolyte specific gravity approximate the state 
of charge of the entire battery. 

 
The Category A limits specified for electrolyte level are based on 
manufacturer recommendations and are consistent with the guidance in 
IEEE-450 (Ref. 3), with the extra ¼ inch allowance above the high water 
level indication for operating margin to account for temperatures and 
charge effects.  In addition to this allowance, footnote a to Table 3.8.6-1 
permits the electrolyte level to be above the specified maximum level 
during equalizing charge, provided it is not overflowing.  These limits 
ensure that the plates suffer no physical damage and that adequate 
electron transfer capability is maintained in the event of transient 
conditions.  IEEE-450 (Ref. 3) recommends that electrolyte level readings 
should be made only after the battery has been at float charge for at least 
72 hours. 

 
The Category A limit specified for float voltage is ≥ 2.13 V per cell.  This 
value is based on a recommendation of IEEE-450 (Ref. 3), which states 
that prolonged operation of cells < 2.13 V can reduce the life expectancy 
of cells. 

 
The Category A limit specified for specific gravity for each pilot cell is 
≥ [1.200] (0.015 below the manufacturer fully charged nominal specific 
gravity or a battery charging current that had stabilized at a low value).  
This value is characteristic of a charged cell with adequate capacity.  
According to IEEE-450 (Ref. 3), the specific gravity readings are based 
on a temperature of 77EF (25EC). 

 
The specific gravity readings are corrected for actual electrolyte 
temperature and level.  For each 3°F (1.67°C) above 77°F (25°C), 1 point 
(0.001) is added to the reading; 1 point is subtracted for each 3°F below 
77°F.  The specific gravity of the electrolyte in a cell increases with a loss 
of water due to electrolysis or evaporation.   

 
Category B defines the normal parameter limits for each connected cell.  
The term "connected cell" excludes any battery cell that may be jumpered 
out. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
The Category B limits specified for electrolyte level and float voltage are 
the same as those specified for Category A and have been discussed 
above.  The Category B limit specified for specific gravity for each 
connected cell is ≥ [1.195] (0.020 below the manufacturer fully charged, 
nominal specific gravity) with the average of all connected cells > [1.205] 
(0.010 below the manufacturer fully charged, nominal specific gravity).  
These values are based on manufacturer's recommendations.  The 
minimum specific gravity value required for each cell ensures that the 
effects of a highly charged or newly installed cell will not mask overall 
degradation of the battery. 
 
Category C defines the limits for each connected cell.  These values, 
although reduced, provide assurance that sufficient capacity exists to 
perform the intended function and maintain a margin of safety.  When any 
battery parameter is outside the Category C limits, the assurance of 
sufficient capacity described above no longer exists and the battery must 
be declared inoperable. 

 
The Category C limits specified for electrolyte level (above the top of the 
plates and not overflowing) ensure that the plates suffer no physical 
damage and maintain adequate electron transfer capability.  The 
Category C limits for float voltage is based on IEEE-450 (Ref. 3), which 
states that a cell voltage of 2.07 V or below, under float conditions and 
not caused by elevated temperature of the cell, indicates internal cell 
problems and may require cell replacement. 

 
The Category C limits of average specific gravity ≥ [1.195] is based on 
manufacturer recommendations (0.020 below the manufacturer 
recommended fully charged, nominal specific gravity).  In addition to that 
limit, it is required that the specific gravity for each connected cell must be 
no less than 0.020 below the average of all connected cells.  This limit 
ensures that the effect of a highly charged or new cell does not mask 
overall degradation of the battery.   

 
The footnotes to Table 3.8.6-1 are applicable to Category A, B, and C 
specific gravity.  Footnote (b) to Table 3.8.6-1 requires the above 
mentioned correction for electrolyte level and temperature, with the 
exception that level correction is not required when battery charging 
current is < [2] amps on float charge.  This current provides, in general, 
an indication of overall battery condition. 

 
Because of specific gravity gradients that are produced during the 
recharging process, delays of several days may occur while waiting for 
the specific gravity to stabilize.  A stabilized charger current is an 
acceptable alternative to specific gravity measurement for determining the  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
state of charge.  This phenomenon is discussed in IEEE-450 (Ref. 3).  
Footnote (c) to Table 3.8.6-1 allows the float charge current to be used as 
an alternate to specific gravity for up to [7] days following a battery 
recharge.  Within [7] days each connected cell's specific gravity must be 
measured to confirm the state of charge.  Following a minor battery 
recharge (such as equalizing charge that does not follow a deep 
discharge) specific gravity gradients are not significant, and confirming 
measurements may be made in less that [7] days. 
 
[Reviewer's Note:  The value of [2] amps used in footnote (b) and (c) is 
the nominal value for float current established by the battery vendor as 
representing a fully charged battery with an allowance for overall battery 
condition.] 

 
REFERENCES  1. IEEE-450. 
 
 2. FSAR, Chapter 8. 
 
 31. FSAR, Chapter [6]. 
 
 42. FSAR, Chapter [15]. 
 
 3. IEEE-450-[1980]. 
 
 5. IEEE-485-[1983], June 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The Train A and Train B DC electrical power subsystems shall be 

OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, 3, and 4. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystem inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 
 

 
[B. One [or two] batter[y][ies 

on one subsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
CA. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B].. 

 

 
CA.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 

 
[2] hours 
 

 
DB. Required Action and 

Associated Completion 
Time not met. 

 

 
DB.1 Be in MODE 3. 
 
AND 
 
DB.2 Be in MODE 5. 

 
6 hours 
 
 
 
36 hours 
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SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.4.1 Verify battery terminal voltage is ≥ [129] V on float 

charge greater than or equal to the minimum 
established float voltage. 

 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.2 Verify no visible corrosion at battery terminals and 

connectors. 
 
 OR 
 
 Verify battery connection resistance [is 

≤ [1E-5 ohm] for inter-cell connections, 
≤ [1E-5 ohm] for inter-rack connections, 
≤ [1E-5 ohm] for inter-tier connections, and 
≤ [1E-5 ohm] for terminal connections]. 

 

 
92 days 

 
SR  3.8.4.3 Verify battery cells, cell plates, and racks show no 

visual indication of physical damage or abnormal 
deterioration. 

 

 
[12] months 

 
SR  3.8.4.4 Remove visible terminal corrosion, verify battery cell 

to cell and terminal connections are clean and tight, 
and are coated with anti-corrosion material. 

 

 
[12] months 

 
SR  3.8.4.5 Verify battery connection resistance [is 

≤ [1E-5 ohm] for inter-cell connections, 
≤ [1E-5 ohm] for inter-rack connections, 
≤ [1E-5 ohm] for inter-tier connections, and 
≤ [1E-5 ohm] for terminal connections]. 

 

 
[12] months 

 
SR  3.8.4.26  ------------------------------NOTE------------------------------ 

This Surveillance shall not be performed in 
MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify each battery charger supplies ≥ [400] amps at 

greater than or equal to the minimum established 
float voltage ≥ [125] V for ≥ [8] hours. 

 
 OR 
 
 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 

 
 
 
 
 
 
 
[18 months] 
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battery discharge to the bounding design basis 
event discharge state. 

 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
3.8.4 

 
 

WOG STS 3.8.4-5 Rev. 1.0, 04/07/95   

SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.37  -----------------------------NOTES----------------------------- 
 1. The modified performance discharge test in 

SR 3.8.6.64.8 may be performed in lieu of the 
service test in SR 3.8.4.37 once per 60 months. 

 
 2. This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.   However, credit may be 
taken for unplanned events that satisfy this SR. 

--------------------------------------------------------------------- 
 
 Verify battery capacity is adequate to supply, and 

maintain in OPERABLE status, the required 
emergency loads for the design duty cycle when 
subjected to a battery service test. 

 

 
 
 
 
 
 
 
 
 
 
 
[18 months] 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.8  -----------------------------NOTE------------------------------- 

This Surveillance shall not be performed in 
MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 
--------------------------------------------------------------------- 

 
 Verify battery capacity is ≥ [80]% of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation or 
has reached 
[85]% of expected 
life with capacity 
< 100% of 
manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  DC electrical power subsystem shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems — Shutdown." 

 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of irradiated fuel assemblies. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
subsystem] inoperable. 

 
 AND 
 
 The redundant 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours ] 

 
BA. One or more required 

DC electrical power 
subsystems inoperable. 
[for reasons other than 
Condition A.] 

 
 OR 
 
 Required Actions and 

associated Completion 
Time of Condition A not 
met]. 

 

 
BA.1.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
BA.1.2 Suspend CORE 

ALTERATIONS. 
 
 AND 
 
BA.2.2 Suspend movement of 

irradiated fuel assemblies. 
 
 AND 
 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
Immediately 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
BA.2.3 Initiate action to suspend 

operations involving 
positive reactivity additions. 

 
 AND 
 
BA.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

Immediately 
 
 
 
 
 
Immediately 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.5.1 -------------------------------NOTE------------------------------ 
 The following SRs are not required to be performed:  

SR 3.8.4.26, and SR 3.8.4.37, and SR 3.8.4.8. 
 --------------------------------------------------------------------- 
 
 For DC sources required to be OPERABLE, the 

following SRs are applicable: 
 

SR 3.8.4.1 SR 3.8.4.4 SR 3.8.4.7 
SR 3.8.4.2 SR 3.8.4.5 SR 3.8.4.8. 
SR 3.8.4.3 SR 3.8.4.6 

 

 
 
 
 
 
 
In accordance 
with applicable 
SRs 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Cell Parameters 
 
 
LCO  3.8.6  Battery cell parameters for Train A and Train B electrical power 

subsystem batteries shall be within the limits of Table 3.8.6-1. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One or more batteries 

with one or more battery 
cell parameters not 
within Category A or B 
limits. 

 

 
A.1 Verify pilot cell[s] electrolyte 

level and float voltage meet 
Table 3.8.6-1 Category C 
limits. 

 
AND 
 
A.2 Verify battery cell 

parameters meet 
Table 3.8.6-1 Category C 
limits. 

 
 
 
AND 
 
A.3 Restore battery cell 

parameters to Category A 
and B limits of 
Table 3.8.6-1. 

 

 
1 hour 
 
 
 
 
 
 
24 hours 
 
AND 
 
Once per 7 days 
thereafter 
 
 
 
31 days 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
A. One [or two] batter[y][ies 

on one subsystem] with 
one or more battery cells 
float voltage < [2.07] V. 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one subsystem] with 
float current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem] with 
one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 
-------------------NOTE-------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 

 
D. One [or two] batter[y][ies 

on one subsystem] with 
pilot cell electrolyte 
temperature less than 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 
12 hours 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
minimum established 
design limits. 

 

 

 
E. One or more batteries in 

redundant subsystems 
with battery parameters 
not within limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem to within limits. 

 
2 hours 

 
FB. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystems] with 
one or more battery cells 
float voltage < [2.07] V 
and float current > [2] 
amps. 

 One or more batteries 
with average electrolyte 
temperature of the 
representative cells 
< [60]EF. 

 
 OR 
 
 One or more batteries 

with one or more battery 
cell parameters not 
within Category C 
values. 

 

 
FB.1 Declare associated battery 

inoperable. 
 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 Verify battery cell parameters meet Table 3.8.6-1 

Category A limits. 
 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.6.2 Verify battery cell parameters meet Table 3.8.6-1 

Category B limits. 
 

 
92 days 
 
AND 
 
Once within 
24 hours after a 
battery discharge 
< [110] V 
 
AND 
 
Once within 
24 hours after a 
battery 
overcharge 
> [150] V 
 

 
SR  3.8.6.3 Verify average electrolyte temperature of 

representative cells is ≥ [60]°F. 
 

 
92 days 

 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 

 
SR 3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 

 
92 days 
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SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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Table 3.8.6-1 (page 1 of 1) 
Battery Cell Parameter Requirements 

 
 
 
 
 
 
 

PARAMETER 

 
 
 

CATEGORY A: 
LIMITS FOR EACH 

DESIGNATED PILOT 
CELL 

 
 
 
 

CATEGORY B: 
LIMITS FOR EACH 
CONNECTED CELL 

 
CATEGORY C: 
ALLOWABLE 
LIMITS FOR 

EACH 
CONNECTED 

CELL 
 

 
Electrolyte Level 

 
> Minimum level 

indication mark, and 
≤ ¼ inch above 

maximum level indication 
mark(a) 

 
> Minimum level 

indication mark, and 
≤ ¼ inch above 
maximum level 

indication mark(a) 
 

 
Above top of 

plates, and not 
overflowing 

 
Float Voltage 

 

 
≥ 2.13 V 

 
≥ 2.13 V 

 
> 2.07 V 

 
Specific Gravity

(b)(c) 

 
≥ [1.200] 

 
≥ [1.195] 

 
AND 

 
Average of all 

connected cells 
> [1.205] 

 
Not more than 
0.020 below 

average of all 
connected cells 

 
AND 

 
Average of all 

connected cells 
≥ [1.195] 

 
 

(a) It is acceptable for the electrolyte level to temporarily increase above the specified 
maximum during equalizing charges provided it is not overflowing. 

 
(b) Corrected for electrolyte temperature and level.  Level correction is not required, 

however, when battery charging is < [2] amps when on float charge. 
 

(c) A battery charging current of < [2] amps when on float charge is acceptable for 
meeting specific gravity limits following a battery recharge, for a maximum of [7] days.  

When charging current is used to satisfy specific gravity requirements, specific gravity of 
each connected cell shall be measured prior to expiration of the [7] day allowance. 
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5.5 Programs and Manuals 
 
5.5.17  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment and preferred AC vital 
bus power (via inverters).  As required by 10 CFR 50, Appendix A, 
GDC 17 (Ref. 1), the DC electrical power system is designed to have 
sufficient independence, redundancy, and testability to perform its safety 
functions, assuming a single failure.  The DC electrical power system also 
conforms to the recommendations of Regulatory Guide 1.6 (Ref. 2) and 
IEEE-308 (Ref. 3). 

 
The [125/250] VDC electrical power system consists of two independent 
and redundant safety related Class 1E DC electrical power subsystems 
([Train A and Train B]).  Each subsystem consists of [two] 125 VDC 
batteries [(each battery [50]% capacity)], the associated battery 
charger(s) for each battery, and all the associated control equipment and 
interconnecting cabling. 
 
[ The 250 VDC source is obtained by use of the two 125 VDC batteries 
connected in series.  Additionally there is [one] spare battery charger per 
subsystem, which provides backup service in the event that the preferred 
battery charger is out of service.  If the spare battery charger is 
substituted for one of the preferred battery chargers, then the 
requirements of independence and redundancy between subsystems are 
maintained. ] 
During normal operation, the [125/250] VDC load is powered from the 
battery chargers with the batteries floating on the system.  In case of loss 
of normal power to the battery charger, the DC load is automatically 
powered from the station batteries. 

 
The [Train A and Train B] DC electrical power subsystems provide the 
control power for its associated Class 1E AC power load group, [4.16] kV 
switchgear, and [480] V load centers.  The DC electrical power 
subsystems also provide DC electrical power to the inverters, which in 
turn power the AC vital buses. 
 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distribution System — Operating," and LCO 3.8.10, 
"Distribution Systems — Shutdown." 
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BASES 
 
BACKGROUND  (continued) 

 
Each battery has adequate storage capacity to carry the required load 
continuously for at least 2 hours and to perform three complete cycles of 
intermittent loads discussed in the FSAR, Chapter [8] (Ref. 4). 

 
Each 125 VDC battery is separately housed in a ventilated room apart 
from its charger and distribution centers.  Each subsystem is located in an 
area separated physically and electrically from the other subsystem to 
ensure that a single failure in one subsystem does not cause a failure in a 
redundant subsystem.  [There is no sharing between redundant Class 1E 
subsystems, such as batteries, battery chargers, or distribution panels.] 

 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 

 
The batteries for Train A and Train B DC electrical power subsystems are 
sized to produce required capacity at 80% of nameplate rating, 
corresponding to warranted capacity at end of life cycles and the 100% 
design demand.  The minimum design voltage limit is [105/210] V.  
Battery size is based on 125% of required capacity and, after selection of 
an available commercial battery, results in a battery capacity in excess of 
150% of required capacity.  The voltage limit is 2.13 V per cell, which 
corresponds to a total minimum voltage output of 128 V per battery 
discussed in the FSAR, Chapter [8] (Ref. 4).  The criteria for sizing large 
lead storage batteries are defined in IEEE-485 (Ref. 5). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each Train A and Train B DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger also has 
sufficient excess capacity to restore the battery from the design minimum 
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charge to its fully charged state within [24] hours while supplying normal 
steady state loads discussed in the FSAR, Chapter [8] (Ref. 4). 
 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 56) , and in the FSAR,  
ANALYSES Chapter [15] (Ref. 67), assume that Engineered Safety Feature (ESF) 

systems are OPERABLE.  The DC electrical power system provides 
normal and emergency DC electrical power for the DGs, emergency 
auxiliaries, and control and switching during all MODES of operation. 

 
The OPERABILITY of the DC sources is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining the DC sources 
OPERABLE during accident conditions in the event of: 
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BASES 
 
APPLICABLE SAFETY ANALYSES  (continued) 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 
 
b. A worst-case single failure. 
 
The DC sources satisfy Criterion 3 of 10 CFR 50.36(c)(2)(ii). 

 
LCO The DC electrical power subsystems, each subsystem consisting of [two] 

batteries, battery charger [for each battery] and the corresponding control 
equipment and interconnecting cabling supplying power to the associated 
bus within the train subsystem are required to be OPERABLE to ensure 
the availability of the required power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
(AOO) or a postulated DBA.  Loss of any train DC electrical power 
subsystem does not prevent the minimum safety function from being 
performed (Ref. 4). 

 
An OPERABLE DC electrical power subsystem requires all required 
batteries and respective chargers to be operating and connected to the 
associated DC bus(es). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, 3, and 4 to ensure safe unit operation and to ensure that: 
 

a. Acceptable fuel design limits and reactor coolant pressure 
boundary limits are not exceeded as a result of AOOs or abnormal 
transients; and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated 
DBA. 

 
The DC electrical power requirements for MODES 5 and 6 are addressed 
in the Bases for LCO 3.8.5, "DC Sources —  Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
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the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it is now fully 
capable of supplying the maximum expected load requirement.  The [2] 
amp value is based on returning the battery to [95]% charge and 
assumes a [5]% design margin for the battery.  If at the expiration of the 
initial [12] hour period the battery float current is not less than or equal to 
[2] amps this indicates there may be additional battery problems and the 
battery must be declared inoperable. 
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-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications," and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, the 7 day Completion Time can be justified by an 
acceptable alternate method, such as a regulatory commitment that an 
means to charge the batteries will be available that is capable of being 
supplied power from a power source that is independent of the offsite 
power supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications." 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one division] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one subsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that subsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
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fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific Completion Times. 
 
 
CA.1 
 
Condition CA represents one train subsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is, therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected trainsubsystem.  The 2 hour 
limit is consistent with the allowed time for an inoperable DC distribution 
subsystem train. 
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BASES 
 
ACTIONS  (continued) 
 

If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery, inoperable 
battery charger(s), or inoperable battery charger and associated 
inoperable battery), the remaining DC electrical power subsystem has the 
capacity to support a safe shutdown and to mitigate an accident 
condition.  Since a subsequent worst case single failure wouldcould, 
however, result in the complete loss of the minimum necessary DC 
electrical subsystems to mitigate a worst case accident, the remaining 
125 VDC electrical power subsystems with attendant loss of ESF 
functions, continued power operation should not exceed 2 hours.  The 
2 hour Completion Time is based on Regulatory Guide 1.93 (Ref. 78) and 
reflects a reasonable time to assess unit status as a function of the 
inoperable DC electrical power subsystem and, if the DC electrical power 
subsystem is not restored to OPERABLE status, to prepare to effect an 
orderly and safe unit shutdown. 

 
 

DB.1 and DB.2 
 

If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the unit must be 
brought to a MODE in which the LCO does not apply.  To achieve this 
status, the unit must be brought to at least MODE 3 within 6 hours and to 
MODE 5 within 36 hours.  The allowed Completion Times are reasonable, 
based on operating experience, to reach the required unit conditions from 
full power conditions in an orderly manner and without challenging plant 
systems.  The Completion Time to bring the unit to MODE 5 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 78). 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended function charging 
system and the ability of the batteries to perform their intended function.  
Float charge is the condition in which the charger is supplying the 
continuous charge required to overcome the internal losses of a battery 
(or battery cell) and maintain the battery (or a battery cell) in a fully 
charged state while supplying the continuous steady state loads of the 
associated DC subsystem.  On float charge, battery cells will receive 
adequate current to optimally charge the battery.  The voltage 
requirements are based on the nominal design voltage of the battery and 
are consistent with the minimum float voltage established by the battery 
manufacturer ([2.20] Vpc times the number of connected cells or [127.6] 
V for a 58 cell battery at the battery terminals).  This voltage maintains the 
battery plates in a condition that supports maintaining the grid life..  The 
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voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the initial voltages assumed in the battery 
sizing calculations.  The 7 day Frequency is consistent with manufacturer 
recommendations and IEEE-450 (Ref. 9). 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

SR  3.8.4.2 
 

Visual inspection to detect corrosion of the battery cells and connections, 
or measurement of the resistance of each intercell, interrack, intertier, and 
terminal connection, provides an indication of physical damage or 
abnormal deterioration that could potentially degrade battery 
performance. 

 
The limits established for this SR must be no more than 20% above the 
resistance as measured during installation or not above the ceiling value 
established by the manufacturer. 

 
The Surveillance Frequency for these inspections, which can detect 
conditions that can cause power losses due to resistance heating, is 
92 days.  This Frequency is considered acceptable based on operating 
experience related to detecting corrosion trends. 
 
 
SR  3.8.4.3 
 
Visual inspection of the battery cells, cell plates, and battery racks 
provides an indication of physical damage or abnormal deterioration that 
could potentially degrade battery performance. 
 
[ The 12 month Frequency for this SR is consistent with IEEE-450 
(Ref. 9), which recommends detailed visual inspection of cell condition 
and rack integrity on a yearly basis. ] 

 
 

SR  3.8.4.4 and SR  3.8.4.5  
 

Visual inspection and resistance measurements of intercell, interrack, 
intertier, and terminal connections provide an indication of physical 
damage or abnormal deterioration that could indicate degraded battery 
condition.  The anticorrosion material is used to help ensure good 
electrical connections and to reduce terminal deterioration.  The visual 
inspection for corrosion is not intended to require removal of and 
inspection under each terminal connection.  The removal of visible 
corrosion is a preventive maintenance SR.  The presence of visible 
corrosion does not necessarily represent a failure of this SR provided 
visible corrosion is removed during performance of SR 3.8.4.4. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

Reviewer's Note:  The requirement to verify that terminal connections are 
clean and tight applies only to nickel cadmium batteries as per IEEE 
Standard P1106, "IEEE Recommended Practice for Installation, 
Maintenance, Testing and Replacement of Vented Nickel - Cadmium 
Batteries for Stationary Applications."  This requirement may be removed 
for lead acid batteries.  

 
The connection resistance limits for SR 3.8.4.5 shall be no more than 
20% above the resistance as measured during installation, or not above 
the ceiling value established by the manufacturer. 
 
[ The Surveillance Frequencies of 12 months is consistent with IEEE-450 
(Ref. 9), which recommends cell to cell and terminal connection 
resistance measurement on a yearly basis. ] 

 
 

SR  3.8.4.26 
 
This SR verifiesrequires that each battery charger be capable of 
supplying [400] amps and [125] V for � [8] hours.  These requirements 
are based on the design capacity of the battery chargers (Ref. 4).  
According to Regulatory Guide 1.32 (Ref. 810), the battery charger supply 
is recommended required to be based on the largest combined demands 
of the various steady state loads and the charging capacity to restore the 
battery from the design minimum charge state to the fully charged state, 
irrespective of the status of the unit during these demand occurrences.  
The minimum required amperes and duration ensures that these 
requirements can be satisfied. 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
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temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 

 
This Surveillance is required to be performed during MODES 5 and 6 
since it would require the DC electrical power subsystem to be inoperable 
during performance of the test. 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

SR  3.8.4.37 
 

A battery service test is a special test of battery capability, as found, to 
satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length should correspond to 
the design duty cycle requirements as specified in Reference 4. 

 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 810) and Regulatory 
Guide 1.129 (Ref. 911), which state that the battery service test should be 
performed during refueling operations or at some other outage, with 
intervals between tests, not to exceed [18 months]. 
 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test once per 60 
months. 

 
The modified performance discharge test is a simulated duty cycle 
consisting of just two rates; the one minute rate published for the battery 
or the largest current load of the duty cycle, followed by the test rate 
employed for the performance test, both of which envelope the duty cycle 
of the service test.  Since the ampere-hours removed by a rated one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test should 
remain above the minimum battery terminal voltage specified in the 
battery service test for the duration of time equal to that of the service 
test. 

 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 

 
The reason for Note 2 is that performing the Surveillance would perturb 
the electrical distribution system and challenge safety systems.  Credit 
may be taken for unplanned events that satisfy this SR. 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
B 3.8.4 

 
 

 
WOG STS B 3.8.4-14  Rev. 1.0, 04/07/95  

BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

SR  3.8.4.8 
 

A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
A battery modified performance discharge test is described in the Bases 
for SR 3.8.4.7.  Either the battery performance discharge test or the 
modified performance discharge test is acceptable for satisfying SR 
3.8.4.8; however, only the modified performance discharge test may be 
used to satisfy SR 3.8.4.8 while satisfying the requirements of SR 3.8.4.7 
at the same time. 

 
The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 9) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements. 

 
The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity ≥ 100% of the manufacturer's rating.  Degradation is 
indicated, according to IEEE-450 (Ref. 9), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is ≥ [10%] below the manufacturer's rating.  
These Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 9). 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
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BASES 
 
REFERENCES  1. 10 CFR 50, Appendix A, GDC 17. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident and transient analyses 
SAFETY  in the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), assume that 
ANALYSES Engineered Safety Feature systems are OPERABLE.  The DC electrical 

power system provides normal and emergency DC electrical power for 
the diesel generators, emergency auxiliaries, and control and switching 
during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 

 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 5 and 6 and during movement of irradiated fuel assemblies 
ensures that: 

 
a. The unit can be maintained in the shutdown or refueling condition 

for extended periods; 
 

b. Sufficient instrumentation and control capability is available for 
monitoring and maintaining the unit status; and  

 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as a fuel handling accident. 
 

The DC sources satisfy Criterion 3 of the NRC Policy Statement. 
 
LCO The DC electrical power subsystems, each subsystem consisting of two 

batteries, one battery charger per battery, and the corresponding control 
equipment and interconnecting cabling within the trainsubsystem, are 
required to be OPERABLE to support required subsystemstrains of the 
distribution systems required OPERABLE by LCO 3.8.10, "Distribution 
Systems —Shutdown."  This ensures the availability of sufficient DC 
electrical power sources to operate the unit in a safe manner and to 
mitigate the consequences of postulated events during shutdown (e.g., 
fuel handling accidents). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 5 

and 6, and during movement of irradiated fuel assemblies, provide 
assurance that: 

 
a. Required features to provide adequate coolant inventory makeup 

are available for the irradiated fuel assemblies in the core; 
 

b. Required features needed to mitigate a fuel handling accident are 
available;  

 
c. Required features necessary to mitigate the effects of events that 

can lead to core damage during shutdown are available; and 
 

d. Instrumentation and control capability is available for monitoring 
and maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, 3, and 4 are 
covered in LCO 3.8.4. 

 
ACTIONS A.1, A.2, and A.3 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of 
LCO 3.8.5 includes the potential to require both subsystems of the DC 
System to be OPERABLE.  If plant-specific implementation results in 
LCO 3.8.5 requiring only one subsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
 
Condition A represents one subsystem with one [or two] battery 
charger[s] inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
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-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
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-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 

 
   BA.1, BA.2.1, BA.2.2, BA.2.3, and BA.2.4 
 

If two subsystemtrains are required by LCO 3.8.10, the remaining 
subsystemtrain with DC power available may be capable of supporting 
sufficient systems to allow continuation of CORE ALTERATIONS and fuel 
movement.  By allowing the option to declare required features inoperable 
with the associated DC power source(s) inoperable, appropriate 
restrictions will be 
implemented in accordance with the affected required 
features LCO ACTIONS.  In many instances, this option may involve 
undesired administrative efforts.  Therefore, the allowance for sufficiently 
conservative actions is made (i.e., to suspend CORE ALTERATIONS, 
movement of irradiated fuel assemblies, and operations involving positive 
reactivity additions).  The Required Action to suspend positive reactivity 
additions does not preclude actions to maintain or increase reactor vessel 
inventory, provided the required SDM is maintained. 
 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystems and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the unit safety 
systems. 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Shutdown 
B 3.8.5 

 
 

 
WOG STS B 3.8.5-5  Rev. 1.0, 04/07/95  

BASES 
 
ACTIONS  (continued) 
 

The Completion Time of immediately is consistent with the required times 
or actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the unit safety systems may be 
without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.38.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR.   

 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES  1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Cell Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage, and specific gravity for 
the DC power subsystem source batteries.  A discussion of these 
batteries and their OPERABILITY requirements is provided in the Bases 
for LCO 3.8.4, "DC Sources — Operating," and LCO 3.8.5, "DC Sources
— Shutdown."  In addition to the limitations of this Specification, the 
[licensee controlled program] also implements a program specified in 
Specification 5.5.17 for monitoring various battery parameters. 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 31) and Chapter [15] (Ref. 42), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power system provides normal and emergency DC electrical 
power for the diesel generators, emergency auxiliaries, and control and 
switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one train 
subsystem of DC sources OPERABLE during accident conditions, in the 
event of: 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 

 
b. A worst case single failure. 

 
Battery cell parameters satisfy the Criterion 3 of the NRC Policy 
Statement. 
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LCO Battery cell parameters must remain within acceptable limits to ensure 
availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Electrolyte Battery parameter limits are 
conservatively established, allowing continued DC electrical system 
function even with Category A and B limits not met.  Additional 
preventative maintenance, testing, and monitoring performed in 
accordance with the [licensee controlled program] is conducted as 
specified in Specification 5.5.17. 

 
APPLICABILITY The battery cell parameters are required solely for the support of the 

associated DC electrical power subsystems.  Therefore, battery 
parameter limits are electrolyte is only required when the DC power 
source is required to be OPERABLE.  Refer to the Applicability discussion 
in Bases for LCO 3.8.4 and LCO 3.8.5. 
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BASES 
 
ACTIONS  A.1, A.2, and A.3 
 

With one or more cells in one or more batteries not within limits (i.e., 
Category A limits not met, Category B limits not met, or Category A and B 
limits not met) but within the Category C limits specified in Table 3.8.6-1 
in the accompanying LCO, the battery is degraded but there is still 
sufficient capacity to perform the intended function.  Therefore, the 
affected battery is not required to be considered inoperable solely as a 
result of Category A or B limits not met and operation is permitted for a 
limited period. 

 
The pilot cell electrolyte level and float voltage are required to be verified 
to meet the Category C limits within 1 hour (Required Action A.1).  This 
check will provide a quick indication of the status of the remainder of the 
battery cells.  One hour provides time to inspect the electrolyte level and 
to confirm the float voltage of the pilot cells.  One hour is considered a 
reasonable amount of time to perform the required verification. 

 
Verification that the Category C limits are met (Required Action A.2) 
provides assurance that during the time needed to restore the parameters 
to the Category A and B limits, the battery is still capable of performing its 
intended function.  A period of 24 hours is allowed to complete the initial 
verification because specific gravity measurements must be obtained for 
each connected cell.  Taking into consideration both the time required to 
perform the required verification and the assurance that the battery cell 
parameters are not severely degraded, this time is considered 
reasonable.  The verification is repeated at 7 day intervals until the 
parameters are restored to Category A or B limits.  This periodic 
verification is consistent with the normal Frequency of pilot cell 
Surveillances. 
 
Continued operation is only permitted for 31 days before battery cell 
parameters must be restored to within Category A and B limits.  With the 
consideration that, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and to allow time to fully restore 
the battery cell parameters to normal limits, this time is acceptable prior to 
declaring the battery inoperable. 
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BASES 
 
ACTIONS  (continued) 
 
 A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one subsystem < [2.07] 
V, the battery cell is degraded.  Within 2 hours verification of the required 
battery charger OPERABILITY is made by monitoring the battery terminal 
voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
 
 
B.1 and B.2 
 
One or more batteries in one subsystem with float current > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
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inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one subsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.17, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
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plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.17.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation.  They are performed following the restoration of the 
electrolyte level to above the top of the plates.  Based on the results of 
the manufacturer's recommended testing the batter[y][ies] may have to be 
declared inoperable and the affected cell[s] replaced. 
 
 
D.1 
 
With one or more batteries in one subsystem with pilot cell temperature 
less than the minimum established design limits, 12 hours is allowed to 
restore the temperature to within limits.  A low electrolyte temperature 
limits the current and power available.  Since the battery is sized with 
margin, while battery capacity is degraded, sufficient capacity exists to 
perform the intended function and the affected battery is not required to 
be considered inoperable solely as a result of the pilot cell temperature 
not met. 
 
 
E.1 
 
With one or more batteries in redundant subsystem s with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one subsystem 
within 2 hours. 
 
 
FB.1 

 
With one or more batteries with any one or more battery cell parameters 
outside the allowances of the Required Actions for Condition A, B, C, D, 
or E, Category C limit for any connected cell, sufficient capacity to supply 
the maximum expected load requirement is not assured and the 
corresponding battery DC electrical power subsystem must be declared 
inoperable.  Additionally, discovering one or more batteries in one 
subsystem with one or more battery cells float voltage less than [2.07] V 
and float current greater than [2] amps indicates that the battery capacity 
may not be sufficient to perform the intended functions.  The battery must 
therefore be declared inoperable immediately other potentially extreme 
conditions, such as not completing the Required Actions of Condition A 
within the required Completion Time or average electrolyte temperature of 
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representative cells falling below 60˚F, are also cause for immediately 
declaring the associated DC electrical power subsystem inoperable. 

 
SURVEILLANCE SR  3.8.6.1 
REQUIREMENTS 

Verifying battery float current while on float charge is used to determine 
the state of charge of the battery.  Float charge is the condition in which 
the charger is supplying the continuous charge required to overcome the 
internal losses of a battery and maintain the battery in a charged state.  
The equipment used to monitor float current must have the necessary 
accuracy and capability to measure electrical currents in the expected 
range.  The float current requirements are based on the float current 
indicative of a charged battery.  The 7 day Frequency is consistent with 
IEEE-450 (Ref. 1). 
 
This SR is modified by a Note that states the float current requirement is 
not required to be met when battery terminal voltage is less than the 
minimum established float voltage of SR 3.8.4.1.  When this float voltage 
is not maintained the Required Actions of LCO 3.8.4 ACTION A are being 
taken, which provide the necessary and appropriate verifications of the 
battery condition.  Furthermore, the float current limit of [2] amps is 
established based on the nominal float voltage value and is not directly 
applicable when this voltage is not maintained. 
 
 
SR  3.8.6.2 and SR  3.8.6.5 
 
Optimal long term battery performance is obtained by maintaining a float 
voltage greater than or equal to the minimum established design limits 
provided by the battery manufacturer, which corresponds to [130.5] V at 
the battery terminals, or [2.25] Vpc.  This provides adequate over-
potential, which limits the formation of lead sulfate and self discharge, 
which could eventually render the battery inoperable.  Float voltages in 
this range or less, but greater than [2.07] Vpc, are addressed in 
Specification 5.5.17.  SRs 3.8.6.2 and 3.8.6.5 require verification that the 
cell float voltages are equal to or greater than the short term absolute 
minimum voltage of [2.07] V.  The Frequency for cell voltage verification 
every 31 days for pilot cell and 92 days for each connected cell is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.3 
 
The limit specified for electrolyte level ensures that the plates suffer no 
physical damage and maintains adequate electron transfer capability.  
The minimum design electrolyte level is the minimum level indication 
mark on the battery cell jar.  The Frequency is consistent with IEEE-450 
(Ref. 1). 
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SR  3.8.6.4 
 
This Surveillance verifies that the pilot cell temperature is greater than or 
equal to the minimum established design limit (i.e., [40]°F).  Pilot cell 
electrolyte temperature is maintained above this temperature to assure 
the battery can provide the required current and voltage to meet the 
design requirements.  Temperatures lower than assumed in battery sizing 
calculations act to inhibit or reduce battery capacity.  The Frequency is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.6 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
Either the battery performance discharge test or the modified 
performance discharge test is acceptable for satisfying SR 3.8.6.6; 
however, only the modified performance discharge test may be used to 
satisfy the battery service test requirements of SR 3.8.4.3. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 
 
It may consist of just two rates; for instance the one minute rate for the 
battery or the largest current load of the duty cycle, followed by the test 
rate employed for the performance test, both of which envelope the duty 
cycle of the service test.  Since the ampere-hours removed by a one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test must remain 
above the minimum battery terminal voltage specified in the battery 
service test for the duration of time equal to that of the service test.  
 
The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 1) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements.  
Furthermore, the battery is sized to meet the assumed duty cycle loads 
when the battery design capacity reaches this [80]% limit. 
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The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity ≥ 100% of the manufacturer's ratings.  Degradation is 
indicated, according to IEEE-450 (Ref. 1), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is ≥ [10%] below the manufacturer's rating.  
These Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 1). 
 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
 
 
SR  3.8.6.1 
 
This SR verifies that Category A battery cell parameters are consistent 
with IEEE-450 (Ref. 3), which recommends regular battery inspections (at 
least one per month) including voltage, specific gravity, and electrolyte 
temperature of pilot cells. 

 
 

SR  3.8.6.2 
 

The quarterly inspection of specific gravity and voltage is consistent with 
IEEE-450 (Ref. 3).  In addition, within 24 hours of a battery discharge 
< [110] V or a battery overcharge > [150] V, the battery must be 
demonstrated to meet Category B limits.  Transients, such as motor 
starting transients, which may momentarily cause battery voltage to drop 
to ≤ [110] V, do not constitute a battery discharge provided the battery 
terminal voltage and float current return to pre-transient values.  This 
inspection is also consistent with IEEE-450 (Ref. 3), which recommends 
special inspections following a severe discharge or overcharge, to ensure 
that no significant degradation of the battery occurs as a consequence of 
such discharge or overcharge. 

 
 

SR  3.8.6.3 
 

This Surveillance verification that the average temperature of 
representative cells is > 60°F, is consistent with a recommendation of 
IEEE-450 (Ref. 3), that states that the temperature of electrolytes in 
representative cells should be determined on a quarterly basis. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Lower than normal temperatures act to inhibit or reduce battery capacity.  
This SR ensures that the operating temperatures remain within an 
acceptable operating range.  This limit is based on manufacturer 
recommendations. 

 
 

Table 3.8.6-1 
 

This table delineates the limits on electrolyte level, float voltage, and 
specific gravity for three different categories.  The meaning of each 
category is discussed below. 

 
Category A defines the normal parameter limit for each designated pilot 
cell in each battery.  The cells selected as pilot cells are those whose 
temperature, voltage, and electrolyte specific gravity approximate the 
state of charge of the entire battery. 

 
The Category A limits specified for electrolyte level are based on 
manufacturer recommendations and are consistent with the guidance in 
IEEE-450 (Ref. 3), with the extra ¼ inch allowance above the high water 
level indication for operating margin to account for temperatures and 
charge effects.  In addition to this allowance, footnote a to Table 3.8.6-1 
permits the electrolyte level to be above the specified maximum level 
during equalizing charge, provided it is not overflowing.  These limits 
ensure that the plates suffer no physical damage, and that adequate 
electron transfer capability is maintained in the event of transient 
conditions.  IEEE-450 (Ref. 3) recommends that electrolyte level readings 
should be made only after the battery has been at float charge for at least 
72 hours. 

 
The Category A limit specified for float voltage is ≥� 2.13 V per cell.  This 
value is based on the recommendations of IEEE-450 (Ref. 3), which 
states that prolonged operation of cells < 2.13 V can reduce the life 
expectancy of cells. 

 
The Category A limit specified for specific gravity for each pilot cell is 
≥ [1.200] (0.015 below the manufacturer fully charged nominal specific 
gravity or a battery charging current that had stabilized at a low value).  
This value is characteristic of a charged cell with adequate capacity.  
According to IEEE-450 (Ref. 3), the specific gravity readings are based 
on a temperature of 77°F (25°C). 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The specific gravity readings are corrected for actual electrolyte 
temperature and level.  For each 3°F (1.67°C) above 77°F (25°C), 1 point 
(0.001) is added to the reading; 1 point is subtracted for each 3°F below 
77°F.  The specific gravity of the electrolyte in a cell increases with a loss 
of water due to electrolysis or evaporation.   

 
Category B defines the normal parameter limits for each connected cell.  
The term "connected cell" excludes any battery cell that may be jumpered 
out. 

 
The Category B limits specified for electrolyte level and float voltage are 
the same as those specified for Category A and have been discussed 
above.  The Category B limit specified for specific gravity for each 
connected cell is ≥ [1.195] (0.020 below the manufacturer fully charged, 
nominal specific gravity) with the average of all connected cells > [1.205] 
(0.010 below the manufacturer fully charged, nominal specific gravity).  
These values are based on manufacturer's recommendations.  The 
minimum specific gravity value required for each cell ensures that the 
effects of a highly charged or newly installed cell will not mask overall 
degradation of the battery. 
 
Category C defines the limits for each connected cell.  These values, 
although reduced, provide assurance that sufficient capacity exists to 
perform the intended function and maintain a margin of safety.  When any 
battery parameter is outside the Category C limits, the assurance of 
sufficient capacity described above no longer exists, and the battery must 
be declared inoperable. 

 
The Category C limits specified for electrolyte level (above the top of the 
plates and not overflowing) ensure that the plates suffer no physical 
damage and maintain adequate electron transfer capability.  The 
Category C limits for float voltage is based on IEEE-450 (Ref. 3), which 
states that a cell voltage of 2.07 V or below, under float conditions and 
not caused by elevated temperature of the cell, indicates internal cell 
problems and may require cell replacement. 

 
The Category C limit of average specific gravity ≥ 1.195 is based on 
manufacturer recommendations (0.020 below the manufacturer 
recommended fully charged, nominal specific gravity).  In addition to that 
limit, it is required that the specific gravity for each connected cell must be 
no less than 0.020 below the average of all connected cells.  This limit 
ensures that the effect of a highly charged or new cell does not mask 
overall degradation of the battery.   
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The footnotes to Table 3.8.6-1 are applicable to Category A, B, and C 
specific gravity.  Footnote (b) to Table 3.8.6-1 requires the above 
mentioned correction for electrolyte level and temperature, with the 
exception that level correction is not required when battery charging 
current is < [2] amps on float charge.  This current provides, in general, 
an indication of overall battery condition. 

 
Because of specific gravity gradients that are produced during the 
recharging process, delays of several days may occur while waiting for 
the specific gravity to stabilize.  A stabilized charger current is an 
acceptable alternative to specific gravity measurement for determining the 
state of charge.  This phenomenon is discussed in IEEE-450 (Ref. 3).  
Footnote (c) to Table 3.8.6-1 allows the float charge current to be used as 
an alternate to specific gravity for up to [7] days following a battery 
recharge.  Within [7] days, each connected cell's specific gravity must be 
measured to confirm the state of charge.  Following a minor battery 
recharge (such as equalizing charge that does not follow a deep 
discharge) specific gravity gradients are not significant, and confirming 
measurements may be made in less than [7] days. 

 
[ Reviewer's Note:  The value of [2] amps used in footnote (b) and (c) is 
the nominal value for float current established by the battery vendor as 
representing a fully charged battery with an allowance for overall battery 
condition. ] 

 
REFERENCES  1. IEEE-450. 
 
 2. FSAR, Chapter 8. 
 
 13. FSAR, Chapter [6]. 
 
 24. FSAR, Chapter [15]. 
 
 3. IEEE-450-[1980].  
 
 5. IEEE-485-[1983], June 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The Train A and Train B DC electrical power subsystems shall be 

OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, 3, and 4. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystem inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 
 

 
[B. One [or two] batter[y][ies 

on one subsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
CA. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
CA.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 

 
[2] hours 
 

 
DB. Required Action and 

associated Completion 
Time not met. 

 

 
DB.1 Be in MODE 3. 
 
AND 
 
DB.2 Be in MODE 5. 
 

 
6 hours 
 
 
 
36 hours  

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
3.8.4 

 
 

CEOG STS 3.8.4-2 Rev. 1.0, 04/07/95 

 
 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.4.1 Verify battery terminal voltage is greater than or 

equal to the minimum established float 
voltage$ [129/258] V on float charge. 

 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.2 Verify no visible corrosion at battery terminals and 

connectors. 
 
 OR 
 
 Verify battery connection resistance [is ≤ [1E-5 ohm] 

for inter-cell connections, ≤ [1E-5 ohm] for inter-rack 
connections, ≤ [1E-5 ohm] for inter-tier connections, 
and ≤ [1E-5 ohm] for terminal connections]. 

 

 
92 days 

 
SR  3.8.4.3 Verify battery cells, cell plates, and racks show no 

visual indication of physical damage or abnormal 
deterioration. 

 

 
[12] months 

 
SR  3.8.4.4 Remove visible terminal corrosion and verify battery 

cell to cell and terminal connections are [clean and 
tight, and are] coated with anti-corrosion material. 

 

 
[12] months 

 
SR  3.8.4.5 Verify battery connection resistance [is ≤ [1E-5 ohm] 

for inter-cell connections ≤ [1E-5 ohm] for inter-rack 
connections, ≤ [1E-5 ohm] for inter-tier connections, 
and ≤ [1E-5 ohm] for terminal connections]. 

 

 
[12] months 

 
SR  3.8.4.26 ------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, credit may betaken 
for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify each battery charger supplies ≥ [400] amps at 

greater than or equal to the minimum established 
float voltage ≥ [125/250] V for ≥ [8] hours. 

 
 OR 
 
 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. 

 
 
 
 
 
 
 
[18 months] 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.37  ------------------------------NOTE------------------------------ 

1.  The modified performance discharge test in 
SR 3.8.6.64.8 may be performed in lieu of the 
service test in SR 3.8.4.37 once per 
60 months. 

 
2.  This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, credit may be 
taken for unplanned events that satisfy this 
SR. 

--------------------------------------------------------------------- 
 
 Verify battery capacity is adequate to supply, and 

maintain in OPERABLE status, the required 
emergency loads for the design duty cycle when 
subjected to a battery service test. 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.8  ------------------------------NOTE------------------------------ 

This Surveillance shall not be performed in 
MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 
-------------------------------------------------------------------- 

 
 Verify battery capacity is ≥ [80]% of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity  
≥ 100% of 
manufacturer's 
rating 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  DC electrical power subsystem shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown." 

 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of irradiated fuel assemblies. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
subsystem] inoperable. 

 
 AND 
 
 The redundant 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours ] 

 
BA. One or more required 

DC electrical power 
subsystems inoperable. 
[for reasons other than 
Condition A.] 

 
 OR 
 
 Required Actions and 

associated Completion 
Time of Condition A not 
met]. 

 
 

 
BA.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
BA.2.1 Suspend CORE 

ALTERATIONS. 
 
 AND 
 
BA.2.2 Suspend movement of 

irradiated fuel assemblies.  
 
 AND 
 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
BA.2.3 Initiate action to suspend 

operations involving 
positive reactivity additions. 

 
 AND 
 
BA.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

Immediately 
 
 
 
 
 
Immediately 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.5.1 -------------------------------NOTE------------------------------ 
 The following SRs are not required to be performed:  

SR 3.8.4.26, and SR 3.8.4.37, and SR 3.8.4.8. 
 --------------------------------------------------------------------- 
 
 For DC sources required to be OPERABLE, the 

following SRs are applicable: 
 
SR 3.8.4.1 SR 3.8.4.4 SR 3.8.4.7 
SR 3.8.4.2 SR 3.8.4.5 SR 3.8.4.8. 
SR 3.8.4.3 SR 3.8.4.6 

 

 
 
 
 
 
 
In accordance 
with applicable 
SRs 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Cell Parameters 
 
 
 
LCO  3.8.6  Battery cell parameters for the Train A and Train B electrical power 

subsystem batteries shall be within the limits of Table 3.8.6-1. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One or more batteries 

with one or more battery 
cell parameters not 
within Category A or B 
limits. 

 

 
A.1 Verify pilot cell[s] electrolyte 

level and float voltage meet 
Table 3.8.6-1 Category C 
limits. 

 
AND 
 
A.2 Verify battery cell 

parameters meet 
Table 3.8.6-1 Category C 
limits. 

 
 
 
AND 
 
A.3 Restore battery cell 

parameters to Category A 
and B limits of 
Table 3.8.6-1. 

 

 
1 hour 
 
 
 
 
 
 
24 hours 
 
AND 
 
Once per 7 days 
thereafter 
 
 
 
31 days 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
A. One [or two] batter[y][ies 

on one subsystem] with 
one or more battery cells 
float voltage < [2.07] V. 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 

 
B. One [or two] batter[y][ies 

on one subsystem] with 
float current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem] with 
one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 
-------------------NOTE-------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 

 
D. One [or two] batter[y][ies 

on one subsystem] with 
pilot cell electrolyte 
temperature less than 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 
12 hours 
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minimum established 
design limits. 

 

 

 
E. One or more batteries in 

redundant subsystems 
with battery parameters 
not within limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem to within limits. 

 
2 hours 

 
FB. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystems] with 
one or more battery cells 
float voltage < [2.07] V 
and float current > [2] 
amps. 

One or more batteries with 
average electrolyte 
temperature of the 
representative cells 
< [60]°F. 

 
 OR 
 
 One or more batteries 

with one or more battery 
cell parameters not 
within Category C 
values. 

 

 
FB.1 Declare associated battery 

inoperable. 
 

 
Immediately 
 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 Verify battery cell parameters meet Table 3.8.6-1 

Category A limits. 
 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.6.2 Verify battery cell parameters meet Table 3.8.6-1 

Category B limits. 
 

 
92 days 
 
AND 
 
Once within 
24 hours after 
battery discharge 
< [110] V 
 
AND 
 
Once within 
24 hours after 
battery 
overcharge 
> [150] V 
 

 
SR  3.8.6.3 Verify average electrolyte temperature of 

representative cells is ≥ [60]°F. 
 

 
92 days 

 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ 

[2.07] V. 
 

 
31 days 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 

 
SR 3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 

 
92 days 

TSTF-500, Rev. 2 (ISTS Rev. 1)



Battery Cell Parameters 
3.8.6 

 
 

CEOG STS 3.8.6-5 Rev. 1.0, 04/07/95 

 
 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not be performed in 

MODE 1, 2, 3, or 4.  However, credit may be taken 
for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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Table 3.8.6-1 (page 1 of 1) 
Battery Surveillance Requirements 

 
 
 
 
 

PARAMETER 

 
CATEGORY A: 

LIMITS FOR EACH 
DESIGNATED 
PILOT CELL 

 
 

CATEGORY B: 
LIMITS FOR EACH 
CONNECTED CELL 

 
CATEGORY C: 

ALLOWABLE LIMITS 
FOR EACH 

CONNECTED CELL 
 

 
Electrolyte Level 

 

 
> Minimum level 
indication mark, 
and � ¼ inch 

above maximum 
level indication 

mark(a) 
 

 
> Minimum level 
indication mark, 
and � ¼ inch 

above maximum 
level indication 

mark(a) 
 

 
Above top of plates, 

and not 
overflowingng 

 

 
Float Voltage 

 

 
≥ 2.13 V 

 

 
≥ 2.13 V 

 

 
> 2.07 V 

 
 

Specific Gravity(b)(c) 
 

 
≥  [1.200] 

 

 
≥  [1.195] 

 

 
Not more than 
0.020 below 

average of all 
connected cells 

 
AND 

 
Average of all 

connected cells 
≥ [1.195] 

 
 

(a) It is acceptable for the electrolyte level to temporarily increase above the specified 
maximum during equalizing charges provided it is not overflowing. 

 
(b) Corrected for electrolyte temperature and level.  Level correction is not required, 

however, when battery charging is < [2] amps when on float charge. 
 

(c) A battery charging current of < [2] amps when on float charge is acceptable for meeting 
specific gravity limits following a battery recharge, for a maximum of [7] days.  When charging 
current is used to satisfy specific gravity requirements, specific gravity of each connected cell 

shall be measured prior to expiration of the [7] day allowance. 
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5.5 Programs and Manuals 
 
5.5.17  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment and preferred AC vital 
bus power (via inverters).  As required by 10 CFR 50, Appendix A, 
GDC 17 (Ref. 1), the DC electrical power system is designed to have 
sufficient independence, redundancy, and testability to perform its safety 
functions, assuming a single failure.  The DC electrical power system also 
conforms to the recommendations of Regulatory Guide 1.6 (Ref. 2) and 
IEEE-308 (Ref. 3). 

 
The [125/250] VDC electrical power system consists of two independent 
and redundant safety related Class 1E DC electrical power subsystems 
([Train A and Train B]).  Each subsystem consists of [two] 125 VDC 
batteries [(each battery [50]% capacity)], the associated battery 
charger(s) for each battery, and all the associated control equipment and 
interconnecting cabling. 
 
[The 250 VDC source is obtained by use of the two 125 VDC batteries 
connected in series.  Additionally there is [one] spare battery charger per 
subsystem, which provides backup service in the event that the preferred 
battery charger is out of service.  If the spare battery charger is 
substituted for one of the preferred battery chargers, then the 
requirements of independence and redundancy between subsystems are 
maintained.] 
 
During normal operation, the [125/250] VDC load is powered from the 
battery chargers with the batteries floating on the system.  In case of loss 
of normal power to the battery charger, the DC load is automatically 
powered from the station batteries. 

 
The [Train A and Train B] DC electrical power subsystems provide the 
control power for its associated Class 1E AC power load group, [4.16] kV 
switchgear, and [480] V load centers.  The DC electrical power 
subsystems also provide DC electrical power to the inverters, which in 
turn power the AC vital buses. 
 

 The DC power distribution system is described in more detail in the Bases 
for LCO 3.8.9, "Distributions System Operating," and for LCO 3.8.10, 
"Distribution Systems - Shutdown." 
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BASES 
 
BACKGROUND  (continued) 

 
Each battery has adequate storage capacity to carry the required load 
continuously for at least 2 hours and to perform three complete cycles of 
intermittent loads discussed in the FSAR, Chapter [8] (Ref. 4). 

 
Each 125/250 VDC battery is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystem to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem. [ There is no sharing between 
redundant Class 1E subsystems, such as batteries, battery chargers, or 
distribution panels.] 

 
Each battery has adequate storage capacity to meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 

 
The batteries for Train A and Train B DC electrical power subsystems are 
sized to produce required capacity at 80% of nameplate rating, 
corresponding to warranted capacity at end of life cycles and the 100% 
design demand.  The minimum design voltage limit is [105/210] V.  
Battery size is based on 125% of required capacity and, after selection of 
an available commercial battery, results in a battery capacity in excess of 
150% of required capacity.  The voltage limit is 2.13 V per cell, which 
corresponds to a total minimum voltage output of 128 V per battery 
discussed in the FSAR, Chapter [8] (Ref. 4).  The criteria for sizing large 
lead storage batteries are defined in IEEE-485 (Ref. 5). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each Train A and Train B DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each battery charger also has 
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sufficient excess capacity to restore the battery from the design minimum 
charge to its fully charged state within [24] hours while supplying normal 
steady state loads discussed in the FSAR, Chapter [8] (Ref. 4). 
 
The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 56) and Chapter [15] (Ref. 67), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 
 
The OPERABILITY of the DC sources is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining the DC sources 
OPERABLE during accident conditions in the event of: 
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BASES 
 
APPLICABLE SAFETY ANALYSIS  (continued) 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 
 
b. A worst-case single failure. 
 
The DC sources satisfy Criterion 3 of the NRC Policy Statement. 

 
LCO The DC electrical power subsystems, each subsystem consisting of [two] 

batteries, battery charger [for each battery] and the corresponding control 
equipment and interconnecting cabling supplying power to the associated 
bus within the subsystem train are required to be OPERABLE to ensure 
the availability of the required power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
(AOO) or a postulated DBA.  Loss of any train DC electrical power 
subsystem does not prevent the minimum safety function from being 
performed (Ref. 4). 

 
An OPERABLE DC electrical power subsystem requires all required 
batteries and respective chargers to be operating and connected to the 
associated DC bus(es). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, 3, and 4 to ensure safe unit operation and to ensure that: 
 

a. Acceptable fuel design limits and reactor coolant pressure boundary 
limits are not exceeded as a result of AOOs or abnormal transients; 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 

The DC electrical power requirements for MODES 5 and 6 are addressed 
in the Bases for LCO 3.8.5, "DC Sources - Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
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established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it is now fully 
capable of supplying the maximum expected load requirement.  The [2] 
amp value is based on returning the battery to [95]% charge and 
assumes a [5]% design margin for the battery.  If at the expiration of the 
initial [12] hour period the battery float current is not less than or equal to 
[2] amps this indicates there may be additional battery problems and the 
battery must be declared inoperable. 
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-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications," and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, the 7 day Completion Time can be justified by an 
acceptable method, such as a regulatory commitment that an alternate 
means to charge the batteries will be available that is capable of being 
supplied power from a power source that is independent of the offsite 
power supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and RG 1.174. 

 
 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one division] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
 
Condition B represents one subsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
results in a loss of the AC bus supporting the battery charger[s] will also 
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result in loss of DC to that subsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific Completion Times. 
 
 

   CA.1 
 

Condition CA represents one subsystem train with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected train subsystem.  The 
2 hour limit is consistent with the allowed time for an inoperable DC 
distribution subsystem train. 

 
If one of the required DC electrical power subsystems is inoperable 
inoperable for reasons other than Condition A or B (e.g., inoperable 
battery, inoperable battery charger(s), or inoperable battery charger and 
associated inoperable battery), the remaining DC electrical  
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BASES 
 
ACTIONS  (continued) 

 
power subsystem has the capacity to support a safe shutdown and to 
mitigate an accident condition.  Since a subsequent worst case single 
failure wcould, however, result in the complete loss of the minimum 
necessary DC electrical subsystems to mitigate a worst case accident the 
remaining 250/125 VDC electrical power subsystems with attendant loss 
of ESF functions, continued power operation should not exceed 2 hours.  
The 2 hour Completion Time is based on Regulatory Guide 1.93 (Ref. 78) 
and reflects a reasonable time to assess unit status as a function of the 
inoperable DC electrical power subsystem and, if the DC electrical power 
subsystem is not restored to OPERABLE status, to prepare to effect an 
orderly and safe unit shutdown. 

 
DB.1 and DB.2 

 
If the inoperable DC electrical power subsystem cannot be restored to 
OPERABLE status within the required Completion Time, the unit must be 
brought to a MODE in which the LCO does not apply.  To achieve this 
status, the unit must be brought to at least MODE 3 within 6 hours and to 
MODE 5 within 36 hours.  The allowed Completion Times are reasonable, 
based on operating experience, to reach the required unit conditions from 
full power conditions in an orderly manner and without challenging unit 
systems.  The Completion Time to bring the unit to MODE 5 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 78). 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the battery chargers, which support 
the ability of the batteries to perform their intended functioncharging 
system and the ability of the batteries to perform their intended function.  
Float charge is the condition in which the charger is supplying the 
continuous charge required to overcome the internal losses of a battery 
(or battery cell) and maintain the battery (or a battery cell) in a fully 
charged state while supplying the continuous steady state loads of the 
associated DC subsystem.  On float charge, battery cells will receive 
adequate current to optimally charge the battery.  The voltage 
requirements are based on the nominal design voltage of the battery and 
are consistent with the minimum float voltage established by the battery 
manufacturer ([2.20] Vpc times the number of connected cells or [127.6] 
V for a 58 cell battery at the battery terminals).  This voltage maintains the 
battery plates in a condition that supports maintaining the grid life..  The 
voltage requirements are based on the nominal design voltage of the 
battery and are consistent with the initial voltages assumed in the battery 
sizing calculations.  The 7 day Frequency is consistent with manufacturer 
recommendations and IEEE-450 (Ref. 9). 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
SR  3.8.4.2 

 
Visual inspection to detect corrosion of the battery cells and connections, 
or measurement of the resistance of each intercell, interrack, intertier, and 
terminal connection, provides an indication of physical damage or 
abnormal deterioration that could potentially degrade battery 
performance. 

 
The limits established for this SR must be no more than 20% above the 
resistance as measured during installation or not above the ceiling value 
established by the manufacturer. 

 
The Surveillance Frequency for these inspections, which can detect 
conditions that can cause power losses due to resistance heating, is 
92 days.  This Frequency is considered acceptable based on operating 
experience related to detecting corrosion trends. 
 
 
SR  3.8.4.3 
 
Visual inspection of the battery cells, cell plates, and battery racks 
provides an indication of physical damage or abnormal deterioration that 
could potentially degrade battery performance. 
 
[The 12 month Frequency for this SR is consistent with IEEE-450 (Ref. 9), 
which recommends detailed visual inspection of cell condition and rack 
integrity on a yearly basis.] 

 
SR  3.8.4.4 and SR  3.8.4.5  

 
Visual inspection and resistance measurements of intercell, interrack, 
intertier, and terminal connections provide an indication of physical 
damage or abnormal deterioration that could indicate degraded battery 
condition.  The anticorrosion material is used to help ensure good 
electrical connections and to reduce terminal deterioration.  The visual 
inspection for corrosion is not intended to require removal of and 
inspection under each terminal connection.  The removal of visible 
corrosion is a preventive maintenance SR.  The presence of visible 
corrosion does not necessarily represent a failure of this SR provided 
visible corrosion is removed during performance of SR 3.8.4.4. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

Reviewer's Note:  The requirement to verify that terminal connections are 
clean and tight applies only to nickel cadmium batteries as per IEEE 
Standard P1106, "IEEE Recommended Practice for Installation, 
Maintenance, Testing and Replacement of Vented Nickel - Cadmium 
Batteries for Stationary Applications."  This requirement may be removed 
for lead acid batteries. 

 
The connection resistance limits for SR 3.8.4.5 shall be no more than 
20% above the resistance as measured during installation, or not above 
the ceiling value established by the manufacturer. 
 
[The Surveillance Frequencies of 12 months is consistent with IEEE-450 
(Ref. 9), which recommends cell to cell and terminal connection 
resistance measurement on a yearly basis.] 
 
 
SR  3.8.4.26 
 
This SR verifies requires that each battery charger be capable of 
supplying [400] amps and [250/125] V for ≥ [8] hours.  These 
requirements are based on the design capacity of the battery chargers 
(Ref. 4).  According to Regulatory Guide 1.32 (Ref. 810), the battery 
charger supply is required recommended to be based on the largest 
combined demands of the various steady state loads and the charging 
capacity to restore the battery from the design minimum charge state to 
the fully charged state, irrespective of the status of the unit during these 
demand occurrences.  The minimum required amperes and duration 
ensures that these requirements can be satisfied. 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
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temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these [18 month] 
intervals.  In addition, this Frequency is intended to be consistent with 
expected fuel cycle lengths. 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

SR  3.8.4.37 
 

A battery service test is a special test of battery capability, as found, to 
satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length should correspond to 
the design duty cycle requirements as specified in Reference 4. 

 
The Surveillance Frequency of [18 months] is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 810) and Regulatory 
Guide 1.129 (Ref. 911), which state that the battery service test should be 
performed during refueling operations, or at some other outage, with 
intervals between tests not to exceed [18 months]. 

 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test once per 
60 months. 
 
The modified performance discharge test is a simulated duty cycle 
consisting of just two rates; the one minute rate published for the battery 
or the largest current load of the duty cycle, followed by the test rate 
employed for the performance test, both of which envelope the duty cycle 
of the service test.  Since the ampere-hours removed by a rated one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test should 
remain above the minimum battery terminal voltage specified in the 
battery service test for the duration of time equal to that of the service 
test.  

 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test.  

 
The reason for Note 2 is that performing the Surveillance would perturb 
the electrical distribution system and challenge safety systems.  Credit 
may be taken for unplanned events that satisfy this SR. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 
 

SR  3.8.4.8 
 

A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the "as found" condition, after having been 
in service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 

 
A battery modified performance discharge test is described in the Bases 
for SR 3.8.4.7.  Either the battery performance discharge test or the 
modified performance discharge test is acceptable for satisfying SR 
3.8.4.8; however, only the modified performance discharge test may be 
used to satisfy SR 3.8.4.8 while satisfying the requirements of SR 3.8.4.7 
at the same time.  

 
The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 9) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer 
rating.  A capacity of 80% shows that the battery rate of deterioration 
is increasing, even if there is ample capacity to meet the load 
requirements. 

 
The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity ≥ 100% of the manufacturer's rating.  Degradation is 
indicated, according to IEEE-450 (Ref. 9), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is ≥ [10%] below the manufacturer's rating.  
These Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 9). 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR.
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BASES 

REFERENCES 1. 10 CFR.50, Appendix A, GDC 17.. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 

 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 5 and 6 and during movement of irradiated fuel assemblies 
ensures that: 

 
a. The unit can be maintained in the shutdown or refueling condition 

for extended periods; 
 

b. Sufficient instrumentation and control capability is available for 
monitoring and maintaining the unit status; and  

 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as a fuel handling accident. 
 

The DC sources satisfy Criterion 3 of the NRC Policy Statement. 
 
LCO The DC electrical power subsystems, each subsystem consisting of two 

batteries, one battery charger per battery, and the corresponding control 
equipment and interconnecting cabling within the trainsubsystem, are 
required to be OPERABLE to support required trains subsystems of 
distribution systems required OPERABLE by LCO 3.8.10, "Distribution 
Systems - Shutdown."  This ensures the availability of sufficient DC 
electrical power sources to operate the unit in a safe manner and to 
mitigate the consequences of postulated events during shutdown (e.g., 
fuel handling accidents). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 5 

and 6, and during movement of irradiated fuel assemblies provide 
assurance that: 

 
a. Required features needed to mitigate a fuel handling accident are 

available;  
 

b. Required features necessary to mitigate the effects of events that 
can lead to core damage during shutdown are available; and 

 
c. Instrumentation and control capability is available for monitoring 

and maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, 3, and 4 are 
covered in LCO 3.8.4. 

 
ACTIONS A.1, A.2, and A.3 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of 
LCO 3.8.5 includes the potential to require both subsystems of the DC 
System to be OPERABLE.  If plant-specific implementation results in 
LCO 3.8.5 requiring only one subsystem of the DC System to be 
OPERABLE, then ACTION A is omitted and ACTION B is renumbered as 
ACTION A. 
-------------------------------------------------------------------------------------------------- 
 
Condition A represents one subsystem with one [or two] battery 
charger[s] inoperable (e.g., the voltage limit of SR 3.8.4.1 is not 
maintained).  The ACTIONS provide a tiered response that focuses on 
returning the battery to the fully charged state and restoring a fully 
qualified charger to OPERABLE status in a reasonable time period.  
Required Action A.1 requires that the battery terminal voltage be restored 
to greater than or equal to the minimum established float voltage within 
2 hours.  This time provides for returning the inoperable charger to 
OPERABLE status or providing an alternate means of restoring battery 
terminal voltage to greater than or equal to the minimum established float 
voltage.  Restoring the battery terminal voltage to greater than or equal to 
the minimum established float voltage provides good assurance that, 
within [12] hours, the battery will be restored to its fully charged condition 
(Required Action A.2) from any discharge that might have occurred due to 
the charger inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
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current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  This action is applicable if an alternate means of 
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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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 

 
   BA.1, BA.2.1, BA.2.2, BA.2.3, and BA.2.4 
 

If two trains subsystems are required per LCO 3.8.10, the remaining 
subsystem train with DC power available may be capable of supporting 
sufficient systems to allow continuation of CORE ALTERATIONS and fuel 
movement.  By allowing the option to declare required features inoperable 
with the associated DC power source(s) inoperable, appropriate 
restrictions will be implemented in accordance with the affected required 
features LCO ACTIONS.  In many instances, this option may involve 
undesired administrative efforts.  Therefore, the allowance for sufficiently 
conservative actions is made (i.e., to suspend CORE ALTERATIONS, 
movement of irradiated fuel assemblies, and operations involving positive 
reactivity additions).  The Required Action to suspend positive reactivity 
additions does not preclude actions to maintain or increase reactor vessel 
inventory, provided the required SDM is maintained. 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystems and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the unit safety 
systems. 
 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the unit safety systems may be 
without sufficient power. 
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BASES 
 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 states that Surveillances required by SR 3.8.4.1 through 
SR 3.8.4.38 are applicable in these MODES.  See the corresponding 
Bases for LCO 3.8.4 for a discussion of each SR. 

 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required.   

 
REFERENCES 1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Cell Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage, and specific gravity for 
the DC power subsystem source batteries.  A discussion of these 
batteries and their OPERABILITY requirements is provided in the Bases 
for LCO 3.8.4, "DC Sources - Operating," and LCO 3.8.5, "DC Sources - 
Shutdown."  In addition to the limitations of this Specification, the 
[licensee controlled program] also implements a program specified in 
Specification 5.5.17 for monitoring various battery parameters. 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 31) and Chapter [15] (Ref. 42), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power system provides normal and emergency DC electrical 
power for the DGs, emergency auxiliaries, and control and switching 
during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one train 
subsystem of DC sources OPERABLE during accident conditions, in the 
event of: 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 

 
b. A worst case single failure. 

 
Battery cell parameters satisfy Criterion 3 of the NRC Policy Statement. 
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LCO Battery cell parameters must remain within acceptable limits to ensure 
availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter Electrolyte limits are 
conservatively established, allowing continued DC electrical system 
function even with Category A and B limits not met.  Additional 
preventative maintenance, testing, and monitoring performed in 
accordance with the [licensee controlled program] is conducted as 
specified in Specification 5.5.17. 

 
APPLICABILITY The battery cell parameters are required solely for the support of the 

associated DC electrical power subsystems.  Therefore, battery 
electrolyte parameter limits are is only required when the DC power 
source is required to be OPERABLE.  Refer to the Applicability discussion 
in the Bases for LCO 3.8.4 and LCO 3.8.5. 
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BASES 
 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries not within limits (i.e., 
Category A limits not met or Category B limits not met or Category A 
and B limits not met) but within the Category C limits specified in 
Table 3.8.6-1, the battery is degraded but there is still sufficient capacity 
to perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of Category A or B 
limits not met, and continued operation is permitted for a limited period.  

 
The pilot cell electrolyte level and float voltage are required to be verified 
to meet the Category C limits within 1 hour (Required Action A.1).  This 
check will provide a quick indication of the status of the remainder of the 
battery cells.  One hour provides time to inspect the electrolyte level and 
to confirm the float voltage of the pilot cells.  One hour is considered a 
reasonable amount of time to perform the required verification. 

 
Verification that the Category C limits are met (Required Action A.2) 
provides assurance that during the time needed to restore the parameters 
to the Category A and B limits, the battery will still be capable of 
performing its intended function.  A period of 24 hours is allowed to 
complete the initial verification because specific gravity measurements 
must be obtained for each connected cell.  Taking into consideration both 
the time required to perform the required verification and the assurance 
that the battery cell parameters are not severely degraded, this time is 
considered reasonable.  The verification is repeated at 7 day intervals 
until the parameters are restored to Category A and B limits.  This 
periodic verification is consistent with the normal Frequency of pilot cell 
Surveillances. 
 
Continued operation is only permitted for 31 days before battery cell 
parameters must be restored to within Category A and B limits.  With the 
consideration that, while battery capacity is degraded, sufficient capacity 
exists to perform the intended function and to allow time to fully restore 
the battery cell parameters to normal limits, this time is acceptable prior to 
declaring the battery inoperable.  

 
 
 A.1, A.2, and A.3 
 

 
With one or more cells in one or more batteries in one subsystem < [2.07] 
V, the battery cell is degraded.  Within 2 hours verification of the required 
battery charger OPERABILITY is made by monitoring the battery terminal 
voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
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solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 
 
 
B.1 and B.2 
 
 
One or more batteries in one subsystem with float current > [2] amps 
indicates that a partial discharge of the battery capacity has occurred.  
This may be due to a temporary loss of a battery charger or possibly due 
to one or more battery cells in a low voltage condition reflecting some loss 
of capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
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current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
 
With one or more batteries in one subsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.17, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.17.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation.  They are performed following the restoration of the 
electrolyte level to above the top of the plates.  Based on the results of 

TSTF-500, Rev. 2 (ISTS Rev. 1)



Battery Cell Parameters 
B 3.8.6 

 
 

 
CEOG STS B 3.8.6-6  Rev. 1.0, 04/07/95 

the manufacturer's recommended testing the batter[y][ies] may have to be 
declared inoperable and the affected cell[s] replaced. 
 
 
D.1 
 
 
With one or more batteries in one subsystem with pilot cell temperature 
less than the minimum established design limits, 12 hours is allowed to 
restore the temperature to within limits.  A low electrolyte temperature 
limits the current and power available.  Since the battery is sized with 
margin, while battery capacity is degraded, sufficient capacity exists to 
perform the intended function and the affected battery is not required to 
be considered inoperable solely as a result of the pilot cell temperature 
not met. 
 
 
E.1 
 
 
With one or more batteries in redundant subsystem s with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one subsystem 
within 2 hours. 
 
 
FB.1 

 
With one or more batteries with any one or more battery cell parameters 
outside the allowances of the Required Actions for Condition A, B, C, D, 
or E, Category C limit for any connected cell, sufficient capacity to supply 
the maximum expected load requirement is not assured and the 
corresponding battery DC electrical power subsystem must be declared  
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BASES 
 
ACTIONS  (continued) 

 
inoperable.  Additionally, discovering one or more batteries in one 
subsystem with one or more battery cells float voltage less than [2.07] V 
and float current greater than [2] amps indicates that the battery capacity 
may not be sufficient to perform the intended functions.  The battery must 
therefore be declared inoperable immediately other potentially extreme 
conditions, such as not completing the Required Actions of Condition A 
within the required Completion Time or average electrolyte temperature of 
representative cells falling below 60EF, are also cause for immediately 
declaring the associated DC electrical power subsystem inoperable.  

 
SURVEILLANCE SR  3.8.6.1 
REQUIREMENTS 

Verifying battery float current while on float charge is used to determine 
the state of charge of the battery.  Float charge is the condition in which 
the charger is supplying the continuous charge required to overcome the 
internal losses of a battery and maintain the battery in a charged state.  
The equipment used to monitor float current must have the necessary 
accuracy and capability to measure electrical currents in the expected 
range.  The float current requirements are based on the float current 
indicative of a charged battery.  The 7 day Frequency is consistent with 
IEEE-450 (Ref. 1). 
 
This SR is modified by a Note that states the float current requirement is 
not required to be met when battery terminal voltage is less than the 
minimum established float voltage of SR 3.8.4.1.  When this float voltage 
is not maintained the Required Actions of LCO 3.8.4 ACTION A are being 
taken, which provide the necessary and appropriate verifications of the 
battery condition.  Furthermore, the float current limit of [2] amps is 
established based on the nominal float voltage value and is not directly 
applicable when this voltage is not maintained. 
 
 
SR  3.8.6.2 and SR  3.8.6.5 
 
Optimal long term battery performance is obtained by maintaining a float 
voltage greater than or equal to the minimum established design limits 
provided by the battery manufacturer, which corresponds to [130.5] V at 
the battery terminals, or [2.25] Vpc.  This provides adequate over-
potential, which limits the formation of lead sulfate and self discharge, 
which could eventually render the battery inoperable.  Float voltages in 
this range or less, but greater than [2.07] Vpc, are addressed in 
Specification 5.5.17.  SRs 3.8.6.2 and 3.8.6.5 require verification that the 
cell float voltages are equal to or greater than the short term absolute 
minimum voltage of [2.07] V.  The Frequency for cell voltage verification 
every 31 days for pilot cell and 92 days for each connected cell is 
consistent with IEEE-450 (Ref. 1). 
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SR  3.8.6.3 
 
The limit specified for electrolyte level ensures that the plates suffer no 
physical damage and maintains adequate electron transfer capability.  
The minimum design electrolyte level is the minimum level indication 
mark on the battery cell jar.  The Frequency is consistent with IEEE-450 
(Ref. 1). 
 
 
SR  3.8.6.4 
 
This Surveillance verifies that the pilot cell temperature is greater than or 
equal to the minimum established design limit (i.e., [40]°F).  Pilot cell 
electrolyte temperature is maintained above this temperature to assure 
the battery can provide the required current and voltage to meet the 
design requirements.  Temperatures lower than assumed in battery sizing 
calculations act to inhibit or reduce battery capacity.  The Frequency is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.6 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
Either the battery performance discharge test or the modified 
performance discharge test is acceptable for satisfying SR 3.8.6.6; 
however, only the modified performance discharge test may be used to 
satisfy the battery service test requirements of SR 3.8.4.3. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 
 
It may consist of just two rates; for instance the one minute rate for the 
battery or the largest current load of the duty cycle, followed by the test 
rate employed for the performance test, both of which envelope the duty 
cycle of the service test.  Since the ampere-hours removed by a one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test must remain 
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above the minimum battery terminal voltage specified in the battery 
service test for the duration of time equal to that of the service test.  
 
The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 1) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements.  
Furthermore, the battery is sized to meet the assumed duty cycle loads 
when the battery design capacity reaches this [80]% limit. 
 
The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity ≥ 100% of the manufacturer's ratings.  Degradation is 
indicated, according to IEEE-450 (Ref. 1), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is ≥ [10%] below the manufacturer's rating.  
These Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 1). 
 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would perturb the electrical distribution system and 
challenge safety systems.  Credit may be taken for unplanned events that 
satisfy this SR. 
 
This SR verifies that Category A battery cell parameters are consistent 
with IEEE-450 (Ref. 3), which recommends regular battery inspections (at 
least one per month) including voltage, specific gravity, and electrolyte 
temperature of pilot cells. 

 
 
 

SR  3.8.6.2 
 

The quarterly inspection of specific gravity and voltage is consistent with 
IEEE-450 (Ref. 3).  In addition, within 24 hours of a battery discharge 
< [110] V or a battery overcharge > [150] V, the battery must be 
demonstrated to meet Category B limits.  Transients, such as motor 
starting transients, which may momentarily cause battery voltage to drop 
to ≤ [110] V, do not constitute a battery discharge provided the battery 
terminal voltage and float current return to pre-transient values.  This 
inspection is also consistent with IEEE-450 (Ref. 3), which recommends 
special inspections following a severe discharge or overcharge, to ensure 
that no significant degradation of the battery occurs as a consequence of 
such discharge or overcharge. 
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SR  3.8.6.3  

 
This Surveillance verification that the average temperature of 
representative cells is > [60]°F is consistent with a recommendation of 
IEEE-450 (Ref. 3), which states that the temperature of electrolytes in 
representative cells should be determined on a quarterly basis. 

 
Lower than normal temperatures act to inhibit or reduce battery capacity.  
This SR ensures that the operating temperatures remain within an 
acceptable operating range.  This limit is based on manufacturer 
recommendations. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

Table 3.8.6-1  
 

This table delineates the limits on electrolyte level, float voltage, and 
specific gravity for three different categories.  The meaning of each 
category is discussed below. 

 
Category A defines the normal parameter limit for each designated pilot 
cell in each battery.  The cells selected as pilot cells are those whose 
temperature, voltage and electrolyte specific gravity approximate the state 
of charge of the entire battery. 

 
The Category A limits specified for electrolyte level are based on 
manufacturer recommendations and are consistent with the guidance in 
IEEE-450 (Ref. 3), with the extra ¼ inch allowance above the high water 
level indication for operating margin to account for temperatures and 
charge effects.  In addition to this allowance, footnote a to Table 3.8.6-1 
permits the electrolyte level to be above the specified maximum level 
during equalizing charge, provided it is not overflowing.  These limits 
ensure that the plates suffer no physical damage, and that adequate 
electron transfer capability is maintained in the event of transient 
conditions.  IEEE-450 (Ref. 3) recommends that electrolyte level readings 
should be made only after the battery has been at float charge for at least 
72 hours. 

 
The Category A limit specified for float voltage is ≥ 2.13 V per cell.  This 
value is based on a recommendation of IEEE-450 (Ref. 3), which states 
that prolonged operation of cells < 2.13 V can reduce the life expectancy 
of cells. 

 
The Category A limit specified for specific gravity for each pilot cell is 
≥ [1.200] (0.015 below the manufacturer fully charged nominal specific 
gravity or a battery charging current that had stabilized at a low value).  
This value is characteristic of a charged cell with adequate capacity.  
According to IEEE-450 (Ref. 3), the specific gravity readings are based 
on a temperature of 77°F (25°C). 
 
The specific gravity readings are corrected for actual electrolyte 
temperature and level.  For each 3°F (1.67°C) above 77°F (25°C), 1 point 
(0.001) is added to the reading; 1 point is subtracted for each 3°F below 
77°F.  The specific gravity of the electrolyte in a cell increases with a loss 
of water due to electrolysis or evaporation. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Category B defines the normal parameter limits for each connected cell.  
The term "connected cell" excludes any battery cell that may be jumpered 
out. 

 
The Category B limits specified for electrolyte level and float voltage are 
the same as those specified for Category A and have been discussed 
above.  The Category B limit specified for specific gravity for each 
connected cell is ≥ [1.195] (0.020 below the manufacturer fully charged, 
nominal specific gravity) with the average of all connected cells > [1.205] 
(0.010 below the manufacturer fully charged, nominal specific gravity).  
These values are based on manufacturer's recommendations.  The 
minimum specific gravity value required for each cell ensures that the 
effects of a highly charged or newly installed cell will not mask overall 
degradation of the battery. 
 
Category C defines the limit for each connected cell.  These values, 
although reduced, provide assurance that sufficient capacity exists to 
perform the intended function and maintain a margin of safety.  When any 
battery parameter is outside the Category C limit, the assurance of 
sufficient capacity described above no longer exists and the battery must 
be declared inoperable. 

 
The Category C limit specified for electrolyte level (above the top of the 
plates and not overflowing) ensures that the plates suffer no physical 
damage and maintain adequate electron transfer capability.  The 
Category C Allowable Value for float voltage is based on IEEE-450 
(Ref. 3), which states that a cell voltage of 2.07 V or below, under float 
conditions and not caused by elevated temperature of the cell, indicates 
internal cell problems and may require cell replacement. 

 
The Category C limit of average specific gravity ≥ [1.195] is based on 
manufacturer recommendations (0.020 below the manufacturer 
recommended fully charged, nominal specific gravity).  In addition to that 
limit, it is required that the specific gravity for each connected cell must be 
no less than 0.020 below the average of all connected cells.  This limit 
ensures that the effect of a highly charged or new cell does not mask 
overall degradation of the battery. 
 
The footnotes to Table 3.8.6-1 are applicable to Category A, B, and C 
specific gravity.  Footnote (b) to Table 3.8.6-1 requires the above 
mentioned correction for electrolyte level and temperature, with the 
exception that level correction is not required when battery charging 
current is < [2] amps on float charge.  This current provides, in general, 
an indication of overall battery condition. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Because of specific gravity gradients that are produced during the 
recharging process, delays of several days may occur while waiting for 
the specific gravity to stabilize.  A stabilized charger current is an 
acceptable alternative to specific gravity measurement for determining the 
state of charge.  This phenomenon is discussed in IEEE-450 (Ref. 3).  
Footnote (c) to Table 3.8.6-1 allows the float charge current to be used as 
an alternate to specific gravity for up to [7] days following a battery 
equalizing recharge.  Within [7] days, each connected cell's specific 
gravity must be measured to confirm the state of charge.  Following a 
minor battery recharge (such as equalizing charge that does not follow a 
deep discharge) specific gravity gradients are not significant, and 
confirming measurements may be made in less than [7] days. 
 
[Reviewer's Note:  The value of [2] amps used in footnote (b) and (c) is 
the nominal value for float current established by the battery vendor as 
representing a fully charged battery with an allowance for overall battery 
condition.] 

 
REFERENCES  1. IEEE-450. 
 
 2. FSAR, Chapter 8. 
 
 31. FSAR, Chapter [6]. 
 
 42. FSAR, Chapter [15]. 
 
 3. IEEE-450-[1980]. 
 
 5. IEEE-485-[1983], June 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The [Division 1 and Division 2 station service, and DG 1B, 2A, and 2C] 

DC electrical power subsystems shall be OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, and 3. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystem inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 
 

 
[B. One [or two] batter[y][ies 

on one subsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
CA. One DC electrical power 

subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
CA.1 Restore DC electrical 

power subsystem to 
OPERABLE status. 

 

 
[2] hours 
 

 
DB. Required Action and 

Associated Completion 
Time of Condition A not 
met for station service 
DC subsystem. 

 

 
DB.1 Be in MODE 3. 
 
AND 
 
DB.2 Be in MODE 4. 

 
12 hours 
 
 
 
36 hours 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[ EC. Required Action and 

associated Completion 
Time of Condition A not 
met for DG DC 
subsystem. 

 

 
EC.1 Declare associated DG 

inoperable. 

 
Immediately ] 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.4.1 Verify battery terminal voltage is ≥ [120] V on float 

charge greater than or equal to the minimum 
established float voltage. 

 

 
7 days 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
3.8.4 

 
 

BWR/4 STS 3.8.4-3 Rev. 1.0, 04/07/95   

SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.2 Verify no visible corrosion at battery terminals and 

connectors. 
 
 OR 
 
 Verify battery connection resistance [is 

≤ [1.5E-4 ohm] for inter-cell connections, 
≤ [1.5E-4 ohm] for inter-rack connections, 
≤ [1.5E-4 ohm] for inter-tier connections, and 
≤ [1.5E-4 ohm] for terminal connections]. 

 

 
92 days 

 
SR  3.8.4.3 Verify battery cells, cell plates, and racks show no 

visual indication of physical damage or abnormal 
deterioration. 

 

 
[12] months 

 
SR  3.8.4.4 Remove visible corrosion and verify battery cell to 

cell and terminal connections are [clean and tight, 
and] coated with anti-corrosion material. 

 

 
[12] months 

 
SR  3.8.4.5 Verify battery connection resistance [is 

≤ [1.5E-4 ohm] for inter-cell connections, 
≤ [1.5E-4 ohm] for inter-rack connections, 
≤ [1.5E-4 ohm] for inter-tier connections, and 
≤ [1.5E-4 ohm] for terminal connections]. 

 

 
[12] months 

 
SR  3.8.4.26 -----------------------------NOTES------------------------------ 
 This Surveillance shall not be performed in 

MODE 1, 2, or 3.  However, credit may be taken for 
unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify each required battery charger supplies 

≥ [400 amps for station service subsystems, and 
≥ 100 amps for DG subsystems] at ≥ [129] V greater 
than or equal to the minimum established float 
voltage for ≥ [4] hours. 

 
 OR 
 
 Verify each battery charger can recharge the battery 

to the fully charged state within [24] hours while 

 
 
 
 
 
 
 
[18 months] 
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supplying the largest combined demands of the 
various continuous steady state loads, after a 
battery discharge to the bounding design basis 
event discharge state. 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.37 ------------------------------NOTE------------------------------- 
 1. The modified performance discharge test in 

 SR 3.8.6.64.8 may be performed in lieu of the 
 service test in SR 3.8.4.37 once per 60 months. 

 
 2. This Surveillance shall not be performed in 

 MODE 1, 2, or 3.  However, credit may be taken 
 for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is adequate to supply, and 

maintain in OPERABLE status, the required 
emergency loads for the design duty cycle when 
subjected to a battery service test. 

 

 
 
 
 
 
 
 
 
 
 
 
[18 months] 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.8 ------------------------------NOTE------------------------------- 
 This Surveillance shall not be performed in 

MODE 1, 2, or 3.  However, credit may be taken for 
unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80]% of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation or 
has reached 
[85]% of expected 
life with capacity  
< 100% of 
manufacturer's 
rating  
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity  
≥ 100% of 
manufacturer's 
rating 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  DC electrical power subsystems shall be OPERABLE to support the DC 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems - Shutdown." 

 
 
 
APPLICABILITY: MODES 5 and 6, 
 During movement of irradiated fuel assemblies in the [secondary] 

containment. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
subsystem] inoperable. 

 
 AND 
 
 The redundant 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 

 
BA. One or more required 

DC electrical power 
subsystems inoperable. 
[for reasons other than 
Condition A. 

 
 OR 
 
 Required Actions and 

associated Completion 
Time of Condition A not 
met] 

 

 
BA.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
BA.2.1 Suspend CORE 

ALTERATIONS. 
 
 AND 
 
BA.2.2 Suspend movement of 

irradiated fuel assemblies in 
the [secondary] 
containment. 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
 AND 
 
BA.2.3 Initiate action to suspend 

operations with a potential 
for draining the reactor 
vessel. 

 
 AND 
 
 

 
 
 
Immediately 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

  
BA.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.5.1 -------------------------------NOTE------------------------------ 
 The following SRs are not required to be performed:  

SR 3.8.4.2 6, and SR 3.8.4.37, and SR 3.8.4.8. 
 --------------------------------------------------------------------- 
 
 For DC sources required to be OPERABLE the 

following SRs are applicable: 
 
 SR 3.8.4.1 SR 3.8.4.4 SR 3.8.4.7 
 SR 3.8.4.2 SR 3.8.4.5 SR 3.8.4.8. 
 SR 3.8.4.3 SR 3.8.4.6 
 

 
 
 
 
 
 
In accordance 
with applicable 
SRs 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Cell Parameters 
 
 
LCO  3.8.6  Battery cell parameters for the [station service and DG] electrical power 

subsystem batteries shall be within the limits of Table 3.8.6-1. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One or more batteries 

with one or more 
battery cell 
parameters not within 
Category A or B limits. 

 

 
A.1 Verify pilot cell[s] electrolyte 

level and float voltage meet 
Table 3.8.6-1 Category C 
limits. 

 
AND 
 
A.2 Verify battery cell 

parameters meet 
Table 3.8.6-1 Category C 
limits. 

 
 
 
AND 
 
A.3 Restore battery cell 

parameters to Category A 
and B limits of 
Table 3.8.6-1. 

 

 
1 hour 
 
 
 
 
 
 
24 hours 
 
AND 
 
Once per 7 days 
thereafter 
 
 
 
31 days 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
A. One [or two] batter[y][ies 

on one subsystem] with 
one or more battery cells 
float voltage < [2.07] V. 

 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 
 

 
B. One [or two] batter[y][ies 

on one subsystem] with 
float current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem] with 
one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 

 
--------------------NOTE------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 
 

 
D. One [or two] batter[y][ies 

on one subsystem] with 
pilot cell electrolyte 
temperature less than 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 
12 hours 
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minimum established 
design limits. 

 

 

 
E. One or more batteries in 

redundant subsystems 
with battery parameters 
not within limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem to within limits. 

 

 
2 hours 

 
FB. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
OR 

 
 One [or two] 

batter[y][ies on one 
subsystem] with one or 
more battery cells float 
voltage < [2.07] V and 
float current > [2] amps. 

One or more batteries 
with average 
electrolyte 
temperature of the 
representative cells 
not within limits. 

 
OR 

 
One or more batteries 
with one or more 
battery cell 
parameters not within 
Category C values. 
 

 
FB.1 Declare associated battery 

inoperable. 
 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 Verify battery cell parameters meet Table 3.8.6-1 

Category A limits. 
 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.6.2 Verify battery cell parameters meet Table 3.8.6-1 

Category B limits. 
 

 
92 days 
 
AND 
 
Once within 
24 hours after 
battery discharge 
< [110] V 
 
AND 
 
Once within 
24 hours after 
battery 
overcharge 
> [150] V 
 

 
SR  3.8.6.3 Verify average electrolyte temperature of 

representative cells is ≥ [65°F for each station 
service battery, and ≥ 55°F for each DG battery]. 

 

 
92 days 

 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 
 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 
 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 
 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
 

 
SR  3.8.6.5 Verify each battery connected cell float voltage is 

 
92 days 
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≥ [2.07] V. 
 

 

 
SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not normally be performed in 

MODE 1, 2, or 3.  However, credit may be taken for 
unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 

 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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Table 3.8.6-1 (page 1 of 1) 
Battery Cell Parameter Requirements 

 
 
 
 
 
 
 

PARAMETER 

 
 
 

CATEGORY A: 
LIMITS FOR EACH 

DESIGNATED PILOT 
CELL 

 
 
 
 

CATEGORY B: 
LIMITS FOR EACH 
CONNECTED CELL 

 
CATEGORY C: 
ALLOWABLE 
LIMITS FOR 

EACH 
CONNECTED 

CELL 
 

 
Electrolyte Level 

 
> Minimum level 

indication mark, and 
≤ ¼ inch above 

maximum level indication 
mark(a) 

 
> Minimum level 

indication mark, and 
≤ ¼ inch above 
maximum level 

indication mark(a) 
 

 
Above top of 

plates, and not 
overflowing 

 
Float Voltage 

 

 
≥ 2.13 V 

 
≥ 2.13 V 

 
> 2.07 V 

 
Specific Gravity

(b)(c) 

 
≥ [1.195] 

 
≥ [1.195] 

 
AND 

 
Average of all 

connected cells 
> [1.205] 

 
Not more than 
0.020 below 

average of all 
connected cells 

 
AND 

 
Average of all 

connected cells 
≥ [1.195] 

 
 

(a) It is acceptable for the electrolyte level to temporarily increase above the specified 
maximum level during equalizing charges provided it is not overflowing. 
 
(b) Corrected for electrolyte temperature and level.  Level correction is not required, 
however, when on float charge battery charging current is < [1 amp for station service batteries 
and < 0.5 amp for DG batteries]. 
 
(c) A battery charging current of < [1 amp for station service batteries and < 0.5 amp for DG 
batteries] when on float charge is acceptable for meeting specific gravity limits following a 
battery recharge, for a maximum of [7] days.  When charging current is used to satisfy specific 
gravity requirements, specific gravity of each connected cell shall be measured prior to 
expiration of the [7] day allowance. 
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5.5 Programs and Manuals 
 
5.5.14  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The DC electrical power system provides the AC emergency power 

system with control power.  It also provides both motive and control 
power to selected safety related equipment.  Also, these DC subsystems 
provide DC electrical power to inverters, which in turn power the AC vital 
buses.  As required by 10 CFR 50, Appendix A, GDC 17 (Ref. 1), the DC 
electrical power system is designed to have sufficient independence, 
redundancy, and testability to perform its safety functions, assuming a 
single failure.  The DC electrical power system also conforms to the 
recommendations of Regulatory Guide 1.6 (Ref. 2) and IEEE-308 
(Ref. 3). 

 
The station service DC power sources provide both motive and control 
power to selected safety related equipment, as well as circuit breaker 
control power for the nonsafety related 4160 V, and all 600 V and lower, 
AC distribution systems.  Each DC subsystem is energized by one 
125/250 V station service battery and three 125 V battery chargers (two 
normally inservice chargers and one spare charger).  Each battery is 
exclusively associated with a single 125/250 VDC bus.  Each set of 
battery chargers exclusively associated with a 125/250 VDC subsystem 
cannot be interconnected with any other 125/250 VDC subsystem.  The 
normal and backup chargers are supplied from the same AC load groups 
for which the associated DC subsystem supplies the control power.  The 
loads between the redundant 125/250 VDC subsystem are not 
transferable except for the Automatic Depressurization System, the logic 
circuits and valves of which are normally fed from the Division 1 DC 
system. 

 
The diesel generator (DG) DC power sources provide control and 
instrumentation power for their respective DG.  In addition, DG 2A and 2C 
DC power sources provide circuit breaker control power for the loads on 
the 4160 V 2E, 2F, and 2G emergency buses.  Each DG DC subsystem 
is energized by one 125 V battery and one 125 V battery charger.  
Provisions exist for connecting a portable alternate battery charger. 
 
During normal operation, the DC loads are powered from the battery 
chargers with the batteries floating on the system. In case of loss of 
normal power to the battery charger, the DC loads are automatically 
powered from the station batteries. 
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BASES 
 
BACKGROUND  (continued) 

 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distribution System — Operating," and LCO 3.8.10, 
"Distribution System — Shutdown." 

 
Each battery has adequate storage capacity to carry the required load 
continuously for approximately 2 hours (Ref. 3). 

 
Each DC battery subsystem is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystems to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems such as batteries, battery chargers, or 
distribution panels.] 

 
Each battery has adequate storage capacity to  meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for DC electrical power subsystems are sized to produce 
required capacity at 80% of nameplate rating, corresponding to warranted 
capacity at end of life cycles and the 100% design demand.  The 
minimum design voltage limit is [105/210] V. 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 

 Each battery charger of DC electrical power subsystem battery charger 
has ample power output capacity for the steady state operation of 
connected loads required during normal operation, while at the same time 
maintaining its battery bank fully charged.  Each station service battery 
charger has sufficient excess capacity to restore the battery from the 
design minimum charge to its fully charged state within [24] hours while 
supplying normal steady state loads (Ref. 43). 
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The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 
 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient  
SAFETY  analyses  in the FSAR, Chapter [6] (Ref. 54) and Chapter [15] (Ref. 65), 
ANALYSES assume that Engineered Safety Feature (ESF) systems are OPERABLE.  

The DC electrical power system provides normal and emergency DC 
electrical power for the DGs, emergency auxiliaries, and control and 
switching during all MODES of operation.  The OPERABILITY of the DC 
subsystems is consistent with the initial assumptions of the accident 
analyses and is based upon meeting the design basis of the unit.  This 
includes maintaining DC sources OPERABLE during accident conditions 
in the event of: 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 

 
b. A worst case single failure. 

 
The DC sources satisfy Criterion 3 of the NRC Policy Statement. 
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BASES 
 
LCO The DC electrical power subsystems — with:  1) each station service DC 

subsystem consisting of two 125 V batteries in series two battery 
chargers and the corresponding control equipment and interconnecting 
cabling supplying power to the associated bus, and 2) each DG DC 
subsystem consisting of one battery bank, one battery charger, and the 
corresponding control equipment and interconnecting cabling are required 
to be OPERABLE to ensure the availability of the required power to shut 
down the reactor and maintain it in a safe condition after an anticipated 
operational occurrence (AOO) or a postulated DBA.  Loss of any DC 
electrical power subsystem does not prevent the minimum safety function 
from being performed (Ref. 43). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, and 3 to ensure safe unit operation and to ensure that: 
 

a. Acceptable fuel design limits and reactor coolant pressure boundary 
limits are not exceeded as a result of AOOs or abnormal transients; 
and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated DBA. 
 
 The DC electrical power requirements for MODES 4 and 5 are addressed 

in the Bases for LCO 3.8.5, "DC Sources —  Shutdown." 
 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability.   

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
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current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it is now fully 
capable of supplying the maximum expected load requirement.  The [2] 
amp value is based on returning the battery to [95]% charge and 
assumes a [5]% design margin for the battery.  If at the expiration of the 
initial [12] hour period the battery float current is not less than or equal to 
[2] amps this indicates there may be additional battery problems and the 
battery must be declared inoperable. 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications," and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, the 7 day Completion Time can be justified by an 
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acceptable method, such as a regulatory commitment that an alternate 
means to charge the batteries will be available that is capable of being 
supplied power from a power source that is independent of the offsite 
power supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 
 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and RG 1.174. 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one subsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that subsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific completion times. 
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   CA.1 
 

Condition CA represents one division subsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is therefore imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected divisionsubsystem.  The 
2 hour limit is consistent with the allowed time for an inoperable DC 
Distribution System divisionsubsystem. 

 
If one of the required DC electrical power subsystems is inoperable for 
reasons other than Condition A or B (e.g., inoperable battery, inoperable 
battery charger(s), or inoperable battery charger and associated 
inoperable battery), the remaining DC electrical power subsystems have 
the capacity to support a safe shutdown and to mitigate an accident 
condition.  Since a subsequent worst case single failure could, however, 
result in the loss of minimum necessary DC electrical subsystems to 
mitigate a worst case accident, continued power operation should not 
exceed 2 hours.  The 2 hour Completion Time is based on Regulatory 
Guide 1.93 (Ref. 76) and reflects a reasonable time to assess unit status 
as a function of the inoperable DC electrical power subsystem and, if the 
DC electrical power subsystem is not restored to OPERABLE status, to 
prepare to effect an orderly and safe unit shutdown. 

BASES 
 
ACTIONS  (continued) 
 

DB.1 and DB.2 
 

If the inoperable station service DC electrical power subsystem cannot be 
restored to OPERABLE status within the required Completion Time, the 
unit must be brought to a MODE in which the LCO does not apply.  To 
achieve this status, the unit must be brought to at least MODE 3 within 
12 hours and to MODE 4 within 36 hours.  The allowed Completion Times 
are reasonable, based on operating experience, to reach the required 
plant conditions from full power conditions in an orderly manner and 
without challenging plant systems.  The Completion Time to bring the unit 
to MODE 4 is consistent with the time required in Regulatory Guide 1.93 
(Ref. 76). 
 
 
EC.1 
 
If the DG DC electrical power subsystem cannot be restored to 
OPERABLE status in the associated Completion Time, the associated 
DG may be incapable of performing its intended function and must be 
immediately declared inoperable.  This declaration also requires entry into 
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applicable Conditions and Required Actions for an inoperable DG, 
LCO 3.8.1, "AC Sources — Operating." 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge for the batteries 
helps to ensure the effectiveness of the charging system and the ability of 
the batteries to perform their intended function battery chargers, which 
support he ability of the batteries to perform their intended function.  Float 
charge is the condition in which the charger is supplying the continuous 
charge required to overcome the internal losses of a battery (or battery 
cell) and maintain the battery (or a battery cell) in a fully charged state 
while supplying the continuous steady state loads of the associated DC 
subsystem.  On float charge, battery cells will receive adequate current to 
optimally charge the battery.  The voltage requirements are based on the 
nominal design voltage of the battery and are consistent with the 
minimum float voltage established by the battery manufacturer ([2.20] Vpc 
times the number of connected cells or [127.6] V for a 58 cell battery at 
the battery terminals).  This voltage maintains the battery plates in a 
condition that supports maintaining the grid life..  The voltage 
requirements are based on the nominal design voltage of the battery and 
are consistent with the initial voltages assumed in the battery sizing 
calculations.  The 7 day Frequency is consistent with manufacturer 
recommendations and IEEE-450 (Ref. 7). 
 

 
SR  3.8.4.2 

 
Visual inspection to detect corrosion of the battery cells and connections, 
or measurement of the resistance of each inter-cell, inter-rack, inter-tier, 
and terminal connection, provides an indication of physical damage or 
abnormal deterioration that could potentially degrade battery 
performance. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The connection resistance limits established for this SR must be no more 
than 20% above the resistance as measured during installation or not 
above the ceiling value established by the manufacturer.  
 
The Frequency for these inspections, which can detect conditions that 
can cause power losses due to resistance heating, is 92 days.  This 
Frequency is considered acceptable based on operating experience 
related to detecting corrosion trends. 
 
 
SR  3.8.4.3 

 
Visual inspection of the battery cells, cell plates, and battery racks 
provides an indication of physical damage or abnormal deterioration that 
could potentially degrade battery performance. 
 
[ The 12 month Frequency for this SR is consistent with IEEE-450 
(Ref. 7), which recommends detailed visual inspection of cell condition 
and rack integrity on a yearly basis. ] 
 

 
SR  3.8.4.4 and SR  3.8.4.5 

 
Visual inspection and resistance measurements of inter-cell, inter-rack, 
inter-tier, and terminal connections provides an indication of physical 
damage or abnormal deterioration that could indicate degraded battery 
condition.  The anti-corrosion material is used to help ensure good 
electrical connections and to reduce terminal deterioration.  The visual 
inspection for corrosion is not intended to require removal of and 
inspection under each terminal connection. 

 
The removal of visible corrosion is a preventive maintenance SR.  The 
presence of visible corrosion does not necessarily represent a failure of 
this SR, provided visible corrosion is removed during performance of this 
Surveillance. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Reviewer's Note:  The requirement to verify that terminal connections are 
clean and tight applies only to nickel cadmium batteries as per IEEE 
Standard P1106, "IEEE Recommended Practice for Installation, 
Maintenance, Testing and Replacement of Vented Nickel - Cadmium 
Batteries for Stationary Applications."  This requirement may be removed 
for lead acid batteries. 
 
The connection resistance limits for this SR must be no more than 20% 
above the resistance as measured during installation, or not above the 
ceiling value established by the manufacturer. 
 
[ The 12 month Frequency of these SRs is consistent with IEEE-450 
(Ref. 7), which recommends detailed visual inspection of cell condition 
and inspection of cell to cell and terminal connection resistance on a 
yearly basis. ] 

 
SR  3.8.4.26 

 
This SR verifies Battery charger capability requirements are based on the 
design capacity of the battery chargers (Ref. 3).  According to Regulatory 
Guide 1.32 (Ref. 8), the battery charger supply is required recommended 
to be based on the largest combined demands of the various steady state 
loads and the charging capacity to restore the battery from the design 
minimum charge state to the fully charged state, irrespective of the status 
of the unit during these demand occurrences.  The minimum required 
amperes and duration ensures that these requirements can be satisfied. 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
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The Frequency is acceptable, given the unit conditions required to 
perform the test and the other administrative controls existing to ensure 
adequate charger performance during these [18 month] intervals.  In 
addition, this Frequency is intended to be consistent with expected fuel 
cycle lengths. 

 
This SR is modified by two Notes.  The reason for Note 1 is that 
performing the Surveillance would remove a required DC electrical power 
subsystem from service, perturb the electrical distribution system, and 
challenge safety systems.  Note 2 is added to this SR to acknowledge 
that credit may be taken for unplanned events that satisfy the 
Surveillance. 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
B 3.8.4 

 
 

 
BWR/4 STS B 3.8.4-12  Rev. 1.0, 04/07/95  

BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

SR  3.8.4.37 
 

A battery service test is a special test of the battery's capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length corresponds to the 
design duty cycle requirements as specified in Reference 4. 

 
The Frequency of [18 months] is consistent with the recommendations of 
Regulatory Guide 1.32 (Ref. 8) and Regulatory Guide 1.129 (Ref. 9), 
which state that the battery service test should be performed during 
refueling operations or at some other outage, with intervals between tests 
not to exceed [18 months]. 

 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test once per 60 
months. 

 
 
The modified performance discharge test is a simulated duty cycle 
consisting of just two rates; the one minute rate published for the battery 
or the largest current load of the duty cycle, followed by the test rate 
employed for the performance test, both of which envelope the duty cycle 
of the service test.  Since the ampere-hours removed by a rated one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test should 
remain above the minimum battery terminal voltage specified in the 
battery service test for the duration of time equal to that of the service 
test. 

 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 

 
The reason for Note 2 is that performing the Surveillance would remove a 
required DC electrical power subsystem from service, perturb the 
electrical distribution system, and challenge safety systems.  Credit may 
be taken for unplanned events that satisfy the Surveillance. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
SR  3.8.4.8 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 

 
A battery modified performance discharge test is described in the Bases 
for SR 3.8.4.7.  Either the battery performance discharge test or the 
modified performance discharge test is acceptable for satisfying SR 
3.8.4.8; however, only the modified performance discharge test may be 
used to satisfy SR 3.8.4.8 while satisfying the requirements of SR 3.8.4.7 
at the same time. 

 
The acceptance criteria for this Surveillance is consistent with IEEE-450 
(Ref. 7) and IEEE-485 (Ref. 10).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements. 

 
The Frequency for this test is normally 60 months.  If the battery shows 
degradation, or if the battery has reached 85% of its expected life and 
capacity is < 100% of the manufacturer's rating, the Surveillance 
Frequency is reduced to 12 months.  However, if the battery shows no 
degradation but has reached 85% of its expected life, the Surveillance 
Frequency is only reduced to 24 months for batteries that retain capacity 
� 100% of the manufacturer's rating.  Degradation is indicated, according 
to IEEE-450 (Ref. 7), when the battery capacity drops by more than 10% 
relative to its capacity on the previous performance test or when it is 10% 
below the manufacturer's rating.  All these Frequencies are consistent 
with the recommendations in IEEE-450 (Ref. 7). 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would remove a required DC electrical power subsystem 
from service, perturb the electrical distribution system, and challenge 
safety systems.  Credit may be taken for unplanned events that satisfy 
the Surveillance.
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BASES 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), 
ANALYSES assume that Engineered Safety Feature systems are OPERABLE.  The 

DC electrical power system provides normal and emergency DC electrical 
power for the diesel generators (DGs), emergency auxiliaries, and control 
and switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 

 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 4 and 5 and during movement of irradiated fuel assemblies 
ensures that: 

 
a. The facility can be maintained in the shutdown or refueling 

condition for extended periods; 
 

b. Sufficient instrumentation and control capability is available for 
monitoring and maintaining the unit status; and 

 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as an inadvertent draindown of 
the vessel or a fuel handling accident. 

 
The DC sources satisfy Criterion 3 of the NRC Policy Statement.  

 
LCO The DC electrical power subsystems — with:  1) each station service DC 

subsystem consisting of two 125 V batteries in series, two battery 
chargers, and the corresponding control equipment and interconnecting 
cabling; and 2) each DG DC subsystem consisting of one battery bank, 
one battery charger, and the corresponding control equipment and 
interconnecting cabling — are required to be OPERABLE to support 
required DC distribution subsystems required OPERABLE by LCO 3.8.10, 
"Distribution Systems — Shutdown."  This requirement ensures the 
availability of sufficient DC electrical power sources to operate the unit in 
a safe manner and to mitigate the consequences of postulated events 
during shutdown (e.g., fuel handling accidents and inadvertent reactor 
vessel draindown). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 4 

and 5 and during movement of irradiated fuel assemblies in the 
secondary containment provide assurance that: 

 
a. Required features to provide adequate coolant inventory makeup 

are available for the irradiated fuel assemblies in the core in case of 
an inadvertent draindown of the reactor vessel; 

 
b. Required features needed to mitigate a fuel handling accident are 

available; 
 

c. Required features necessary to mitigate the effects of events that 
can lead to core damage during shutdown are available; and 

 
d. Instrumentation and control capability is available for monitoring 

and maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
The DC electrical power requirements for MODES 1, 2, and 3 are 
covered in LCO 3.8.4. 

 
ACTIONS A.1, A.2, and A.3 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of LCO 
3.8.5 includes the potential to require both subsystems of the DC System 
to be OPERABLE.  If plant-specific implementation results in LCO 3.8.5 
requiring only one subsystem of the DC System to be OPERABLE, then 
ACTION A is omitted and ACTION B is renumbered as ACTION A. 
-------------------------------------------------------------------------------------------------- 

 
Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability. 
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-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 

 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
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Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 

 
 
   BA.1, BA.2.1, BA.2.2, BA.2.3, and BA.2.4 
 

If more than one DC distribution subsystem is required according to 
LCO 3.8.10, the DC subsystems remaining OPERABLE with one or more 
DC power sources inoperable may be capable of supporting sufficient 
required features to allow continuation of CORE ALTERATIONS, fuel 
movement, and operations with a potential for draining the reactor vessel.  
By allowance of the option to declare required features inoperable with 
associated DC power sources inoperable, appropriate restrictions are 
implemented in accordance with the affected system LCOs' ACTIONS.  In 
many instances, this option may involve undesired administrative efforts.  
Therefore, the allowance for sufficiently conservative actions is made 
(i.e., to suspend CORE ALTERATIONS, movement of irradiated fuel 
assemblies, and any activities that could result in inadvertent draining of 
the reactor vessel). 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize the 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystems and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the plant safety 
systems. 
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BASES 
 
ACTIONS  (continued) 
 

The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the plant safety systems may 
be without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.38.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR.   

 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES  1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Cell Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage, and specific gravity for 
the DC electrical power subsystems batteries.  A discussion of these 
batteries and their OPERABILITY requirements is provided in the Bases 
for LCO 3.8.4, "DC Sources —  Operating," and LCO 3.8.5, "DC Sources
— Shutdown."  In addition to the limitations of this Specification, the 
[licensee controlled program] also implements a program specified in 
Specification 5.5.14 for monitoring various battery parameters. 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in FSAR, Chapter [6] (Ref. 13) and Chapter [15] (Ref. 42), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE.  The DC 

electrical power subsystems provide normal and emergency DC electrical 
power for the diesel generators (DGs), emergency auxiliaries, and control 
and switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one division 
subsystem of DC sources OPERABLE during accident conditions, in the 
event of: 

 
a. An assumed loss of all offsite AC or all onsite AC power; and 

 
b. A worst case single failure. 

 
Since battery cell parameters support the operation of the DC electrical 
power subsystems, they satisfy Criterion 3 of the NRC Policy Statement. 
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LCO Battery cell parameters must remain within acceptable limits to ensure 
availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Electrolyte Battery parameter limits are 
conservatively established, allowing continued DC electrical system 
function even with Category A and B limits not met.  Additional 
preventative maintenance, testing, and monitoring performed in 
accordance with the [licensee controlled program] is conducted as 
specified in Specification 5.5.14. 

 
APPLICABILITY The battery cell parameters are required solely for the support of the 

associated DC electrical power subsystem.  Therefore, battery electrolyte 
parameter limits are is only required when the DC power source is 
required to be OPERABLE.  Refer to the Applicability discussions in 
Bases for LCO 3.8.4 and LCO 3.8.5. 
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BASES 
 
ACTIONS A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one subsystem < [2.07] 
V, the battery cell is degraded.  Within 2 hours verification of the required 
battery charger OPERABILITY is made by monitoring the battery terminal 
voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 

 
 

B.1 and B.2 
 
One or more batteries in one subsystem with float > [2] amps indicates 
that a partial discharge of the battery capacity has occurred.  This may be 
due to a temporary loss of a battery charger or possibly due to one or 
more battery cells in a low voltage condition reflecting some loss of 
capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
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battery will be restored to its fully charged condition (Required Action B.2) 
from any discharge that might have occurred due to a temporary loss of 
the battery charger.   

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 

 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
 
C.1, C.2, and C.3 
 
With one or more batteries in one subsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.14, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.14.b item to initiate 
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action to equalize and test in accordance with manufacturer's 
recommendation.  They are performed following the restoration of the 
electrolyte level to above the top of the plates.  Based on the results of 
the manufacturer's recommended testing the batter[y][ies] may have to be 
declared inoperable and the affected cell[s] replaced. 
 

 
D.1 
 
With one or more batteries in one subsystem with pilot cell temperature 
less than the minimum established design limits, 12 hours is allowed to 
restore the temperature to within limits.  A low electrolyte temperature 
limits the current and power available.  Since the battery is sized with 
margin, while battery capacity is degraded, sufficient capacity exists to 
perform the intended function and the affected battery is not required to 
be considered inoperable solely as a result of the pilot cell temperature 
not met. 
 
 
E.1 
 
With one or more batteries in redundant subsystem s with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one subsystem 
within 2 hours. 
 
 

 A.1, A.2, and A.3 
 
 With parameters of one or more cells in one or more batteries not within 

limits (i.e., Category A limits not met or Category B limits not met, or 
Category A and B limits not met) but within the Category C limits specified 
in Table 3.8.6-1, the battery is degraded but there is still sufficient 
capacity to perform the intended function.  Therefore, the affected battery 
is not required to be considered inoperable solely as a result of Category 
A or B limits not met, and continued operation is permitted for a limited 
period.  

 
The pilot cell electrolyte level and float voltage are required to be verified 
to meet the Category C limits within 1 hour (Required Action A.1).  This 
check provides a quick indication of the status of the remainder of the 
battery cells.  One hour provides time to inspect the electrolyte level and 
to confirm the float voltage of the pilot cells.  One hour is considered a 
reasonable amount of time to perform the required verification. 
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Verification that the Category C limits are met (Required Action A.2) 
provides assurance that during the time needed to restore the parameters 
to the Category A and B limits, the battery is still capable of performing its 
intended function.  A period of 24 hours is allowed to complete the initial 
verification because specific gravity measurements must be obtained for 
each connected cell.  Taking into consideration both the time required to 
perform the required verification and the assurance that the battery cell 
parameters are not severely degraded, this time is considered 
reasonable.  The verification is repeated at 7 day intervals until the 
parameters are restored to Category A and B limits.  This periodic 
verification is consistent with the normal Frequency of pilot cell 
Surveillances. 
 
Continued operation is only permitted for 31 days before battery cell 
parameters must be restored to within Category A and B limits.  Taking 
into consideration that, while battery capacity is degraded, sufficient 
capacity exists to perform the intended function and to allow time to fully 
restore the battery cell parameters to normal limits, this time is acceptable 
for operation prior to declaring the DC batteries inoperable. 
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BASES 
 
ACTIONS  (continued) 
 

FB.1 
 

When any battery parameter is outside the allowances of the Required 
Actions for Condition A, B, C, D, or ECategory C limit for any connected 
cell, sufficient capacity to supply the maximum expected load requirement 
is not ensured and the corresponding battery DC electrical power 
subsystem must be declared inoperable.  Additionally, discovering one or 
more batteries in one subsystem with one or more battery cells float 
voltage less than [2.07] V and float current greater than [2] amps 
indicates that the battery capacity may not be sufficient to perform the 
intended functions.  The battery must therefore be declared inoperable 
immediately. other potentially extreme conditions, such as not completing 
the Required Actions of Condition A within the required Completion Time 
or average electrolyte temperature of representative cells falling below 
60°F, also are cause for immediately declaring the associated DC 
electrical power subsystem inoperable. 

 
SURVEILLANCE SR  3.8.6.1 
REQUIREMENTS 

Verifying battery float current while on float charge is used to determine 
the state of charge of the battery.  Float charge is the condition in which 
the charger is supplying the continuous charge required to overcome the 
internal losses of a battery and maintain the battery in a charged state.  
The equipment used to monitor float current must have the necessary 
accuracy and capability to measure electrical currents in the expected 
range.  The float current requirements are based on the float current 
indicative of a charged battery.  The 7 day Frequency is consistent with 
IEEE-450 (Ref. 1). 
 
This SR is modified by a Note that states the float current requirement is 
not required to be met when battery terminal voltage is less than the 
minimum established float voltage of SR 3.8.4.1.  When this float voltage 
is not maintained the Required Actions of LCO 3.8.4 ACTION A are being 
taken, which provide the necessary and appropriate verifications of the 
battery condition.  Furthermore, the float current limit of [2] amps is 
established based on the nominal float voltage value and is not directly 
applicable when this voltage is not maintained. 
 
 
SR  3.8.6.2 and SR  3.8.6.5 
 
Optimal long term battery performance is obtained by maintaining a float 
voltage greater than or equal to the minimum established design limits 
provided by the battery manufacturer, which corresponds to [130.5] V at 
the battery terminals, or [2.25] Vpc.  This provides adequate over-
potential, which limits the formation of lead sulfate and self discharge, 
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which could eventually render the battery inoperable.  Float voltages in 
this range or less, but greater than [2.07] Vpc, are addressed in 
Specification 5.5.14.  SRs 3.8.6.2 and 3.8.6.5 require verification that the 
cell float voltages are equal to or greater than the short term absolute 
minimum voltage of [2.07] V.  The Frequency for cell voltage verification 
every 31 days for pilot cell and 92 days for each connected cell is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.3 
 
The limit specified for electrolyte level ensures that the plates suffer no 
physical damage and maintains adequate electron transfer capability.  
The minimum design electrolyte level is the minimum level indication 
mark on the battery cell jar.  The Frequency is consistent with IEEE-450 
(Ref. 1). 
 
 
SR  3.8.6.4 
 
This Surveillance verifies that the pilot cell temperature is greater than or 
equal to the minimum established design limit (i.e., [40]°F).  Pilot cell 
electrolyte temperature is maintained above this temperature to assure 
the battery can provided the required current and voltage to meet the 
design requirements.  Temperatures lower than assumed in battery sizing 
calculations act to inhibit or reduce battery capacity.  The Frequency is 
consistent with IEEE-450 (Ref. 1). 
 
 
SR  3.8.6.6 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
Either the battery performance discharge test or the modified 
performance discharge test is acceptable for satisfying SR 3.8.6.6; 
however, only the modified performance discharge test may be used to 
satisfy the battery service test requirements of SR 3.8.4.3. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 
 

TSTF-500, Rev. 2 (ISTS Rev. 1)



Battery Cell Parameters 
B 3.8.6 

 
 

 
BWR/4 STS B 3.8.6-9  Rev. 1.0, 04/07/95  

It may consist of just two rates; for instance, the one minute rate for the 
battery or the largest current load of the duty cycle, followed by the test 
rate employed for the performance test, both of which envelope the duty 
cycle of the service test.  Since the ampere-hours removed by a one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test must remain 
above the minimum battery terminal voltage specified in the battery 
service test for the duration of time equal to that of the service test. 
 
 
The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 1) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements.  
Furthermore, the battery is sized to meet the assumed duty cycle loads 
when the battery design capacity reaches this [80]% limit. 
 
 
The Frequency for this test is normally 60 months.  If the battery shows 
degradation, or if the battery has reached 85% of its expected life and 
capacity is < 100% of the manufacturer's rating, the Surveillance 
Frequency is reduced to 12 months.  However, if the battery shows no 
degradation but has reached 85% of its expected life, the Surveillance 
Frequency is only reduced to 24 months for batteries that retain capacity 
≥ 100% of the manufacturer's rating.  Degradation is indicated, according 
to IEEE-450 (Ref. 1), when the battery capacity drops by more than 10% 
relative to its capacity on the previous performance test or when it is 10% 
below the manufacturer's rating.  All these Frequencies are consistent 
with the recommendations in IEEE-450 (Ref. 1). 
 
 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would remove a required DC electrical power subsystem 
from service, perturb the electrical distribution system, and challenge 
safety systems. 
 
SR  3.8.6.1 
 
This SR verifies that Category A battery cell parameters are consistent 
with IEEE-450 (Ref. 3), which recommends regular battery inspections (at 
least one per month) including voltage, specific gravity, and electrolyte 
temperature of pilot cells. 

 
 

SR  3.8.6.2 
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The quarterly inspection of specific gravity and voltage is consistent with 
IEEE-450 (Ref. 3).  In addition, within 24 hours of a battery discharge 
< [110] V or a battery overcharge > [150] V, the battery must be 
demonstrated to meet Category B limits.  Transients, such as motor 
starting transients, which may momentarily cause battery voltage to drop 
to ≤ [110] V, do not constitute a battery discharge provided the battery 
terminal voltage and float current return to pre-transient values.  This 
inspection is also consistent with IEEE-450 (Ref. 3), which recommends 
special inspections following a severe discharge or overcharge, to ensure 
that no significant degradation of the battery occurs as a consequence of 
such discharge or overcharge. 
 
 
SR  3.8.6.3 

 
This Surveillance verification that the average temperature of 
representative cells is within limits is consistent with a recommendation of 
IEEE-450 (Ref. 3) that states that the temperature of electrolytes in 
representative cells should be determined on a quarterly basis. 

 
Lower than normal temperatures act to inhibit or reduce battery capacity.  
This SR ensures that the operating temperatures remain within an 
acceptable operating range.  This limit is based on manufacturer's 
recommendations. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Table 3.8.6-1 

 
This table delineates the limits on electrolyte level, float voltage, and 
specific gravity for three different categories.  The meaning of each 
category is discussed below. 

 
Category A defines the normal parameter limit for each designed pilot cell 
in each battery.  The cells selected as pilot cells are those whose 
temperature, voltage, and electrolyte specific gravity approximate the 
state of charge of the entire battery. 

 
The Category A limits specified for electrolyte level are based on 
manufacturer's recommendations and are consistent with the guidance in 
IEEE-450 (Ref. 3), with the extra ¼ inch allowance above the high water 
level indication for operating margin to account for temperature and 
charge effects.  In addition to this allowance, footnote a to Table 3.8.6-1 
permits the electrolyte level to be above the specified maximum level 
during equalizing charge, provided it is not overflowing.  These limits 
ensure that the plates suffer no physical damage, and that adequate 
electron transfer capability is maintained in the event of transient 
conditions.  IEEE-450 (Ref. 3) recommends that electrolyte level readings 
should be made only after the battery has been at float charge for at least 
72 hours. 

 
The Category A limit specified for float voltage is ≥ 2.13 V per cell.  This 
value is based on the recommendation of IEEE-450 (Ref. 3), which states 
that prolonged operation of cells below 2.13 V can reduce the life 
expectancy of cells. 
 
The Category A limit specified for specific gravity for each pilot cell is 
≥ [1.200] (0.015 below the manufacturer's fully charged nominal specific 
gravity or a battery charging current that had stabilized at a low value).  
This value is characteristic of a charged cell with adequate capacity.  
According to IEEE-450 (Ref. 3), the specific gravity readings are based 
on a temperature of 77°F (25°C). 

 
The specific gravity readings are corrected for actual electrolyte 
temperature and level.  For each 3°F (1.67°C) above 77°F (25°C), 1 point 
(0.001) is added to the reading; 1 point is subtracted for each 3°F below 
77°F.  The specific gravity of the electrolyte in a cell increases with a loss 
of water due to electrolysis or evaporation.  Level correction will be in 
accordance with manufacturer's recommendations. 

 
Category B defines the normal parameter limits for each connected cell.  
The term "connected cell" excludes any battery cell that may be jumpered 
out. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
The Category B limits specified for electrolyte level and float voltage are 
the same as those specified for Category A and have been discussed 
above.  The Category B limit specified for specific gravity for each 
connected cell is ≥ 1.195 (0.020 below the manufacturer's fully charged, 
nominal specific gravity) with the average of all connected cells [1.205] 
(0.010 below the manufacturer's fully charged, nominal specific gravity).  
These values are based on manufacturer's recommendations.  The 
minimum specific gravity value required for each cell ensures that the 
effects of a highly charged or newly installed cell do not mask overall 
degradation of the battery.   

 
Category C defines the limits for each connected cell.  These values, 
although reduced, provide assurance that sufficient capacity exists to 
perform the intended function and maintain a margin of safety.  When any 
battery parameter is outside the Category C limits, the assurance of 
sufficient capacity described above no longer exists, and the battery must 
be declared inoperable. 

 
The Category C limit specified for electrolyte level (above the top of the 
plates and not overflowing) ensures that the plates suffer no physical 
damage and maintain adequate electron transfer capability.  The 
Category C Allowable Value for voltage is based on IEEE-450 (Ref. 3), 
which states that a cell voltage of 2.07 V or below, under float conditions 
and not caused by elevated temperature of the cell, indicates internal cell 
problems and may require cell replacement. 

 
The Category C limit on average specific gravity [≥ 1.195], is based on 
manufacturer's recommendations (0.020 below the manufacturer's 
recommended fully charged, nominal specific gravity).  In addition to that 
limit, it is required that the specific gravity for each connected cell must be 
no less than 0.020 below the average of all connected cells.  This limit 
ensures that the effect of a highly charged or new cell does not mask 
overall degradation of the battery.   

 
The footnotes to Table 3.8.6-1 that apply to specific gravity are applicable 
to Category A, B, and C specific gravity.  Footnote (b) of Table 3.8.6-1 
requires the above mentioned correction for electrolyte level and 
temperature, with the exception that level correction is not required when 
battery charging current, while on float charge, is < 1 amp for station 
service batteries and < 0.5 amp for DG batteries.  This current provides, 
in general, an indication of overall battery condition. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

Because of specific gravity gradients that are produced during the 
recharging process, delays of several days may occur while waiting for 
the specific gravity to stabilize.  A stabilized charger current is an 
acceptable alternative to specific gravity measurement for determining the 
state of charge of the designated pilot cell.  This phenomenon is 
discussed in IEEE-450 (Ref. 3).  Footnote (c) to Table 3.8.6-1 allows the 
float charge current to be used as an alternate to specific gravity for up to 
7 days following a battery recharge.  Within [7] days, each connected 
cell's specific gravity must be measured to confirm the state of charge.  
Following a minor battery recharge (such as equalizing charge that does 
not follow a deep discharge) specific gravity gradients are not significant, 
and confirming measurements may be made in less than [7] days. 

 
[ Reviewer's Note:  The value of [2] amps used in footnote (b) and (c) is 
the nominal value for float current established by the battery vendor as 
representing a fully charged battery with an allowance for overall battery 
condition. ] 

 
REFERENCES  1. IEEE-450. 
 
 2. FSAR, Chapter [8]. 
 
 31. FSAR, Chapter [6]. 
 
 42. FSAR, Chapter [15]. 
 
 3. IEEE Standard 450, 1987. 
 
 5. IEEE Standard 485, 1983. 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.4 DC Sources - Operating 
 
 
LCO  3.8.4  The [Division 1], [Division 2], and [Division 3] DC electrical power 

subsystems shall be OPERABLE. 
 
 
 
APPLICABILITY: MODES 1, 2, and 3. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One [or two] battery 

charger[s] on one 
subsystem inoperable. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 
 

 
[B. One [or two] batter[y][ies 

on one subsystem] 
inoperable. 

 

 
B.1 Restore batter[y][ies] to 

OPERABLE status. 
 

 
[2] hours ] 
 

 
CA. [Division 1 or 2] DC 

electrical power 
subsystem inoperable 
for reasons other than 
Condition A [or B]. 

 

 
CA.1 Restore [Division 1 and 2] 

DC electrical power 
subsystems to OPERABLE 
status. 

 

 
[2] hours 
 

 
DB. [Division 3] DC electrical 

power subsystem 
inoperable. 

 

 
DB.1 Declare High Pressure 

Core Spray System 
[and 2C Standby Service 
Water System] inoperable. 

 

 
Immediately 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
EC. Required Action and 

associated Completion 
Time not met. 

 

 
EC.1 Be in MODE 3. 
 
AND 
 
EC.2 Be in MODE 4. 
 

 
12 hours 
 
 
 
36 hours 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.1 Verify battery terminal voltage is greater than or 

equal to the minimum established float 
voltage≥ [129] V on float charge. 

 

 
7 days 
 

 
SR  3.8.4.2 Verify no visible corrosion at battery terminals and 

connectors. 
 
 OR 
 
 Verify battery connection resistance [is 

≤ [1.5 E-4 ohm] for inter-cell connections, 
≤ [1.5 E-4 ohm] for inter-rack connections, 
≤ [1.5 E-4 ohm] for inter-tier connections, and 
≤ [1.5 E-4 ohm] for terminal connections]. 

 

 
92 days 
 

 
SR  3.8.4.3 Verify battery cells, cell plates, and racks show no 

visual indication of physical damage or abnormal 
deterioration. 

 

 
[12] months 

 
SR  3.8.4.4 Remove visible corrosion and verify battery cell to 

cell and terminal connections are [clean and tight, 
and] coated with anti-corrosion material. 

 

 
[12] months 

 
SR  3.8.4.5 Verify battery connection resistance [is 

≤ [1.5 E-4 ohm] for inter-cell connections, 
≤ [1.5 E-4 ohm] for inter-rack connections, 
≤ [1.5 E-4 ohm] for inter-tier connections, and 
≤ [1.5 E-4 ohm] for terminal connections]. 

 

 
[12] months 

 
SR  3.8.4.26 ------------------------------NOTE------------------------------- 
 This Surveillance shall not be performed in 

MODE 1, 2, or 3.  However, credit may be taken for 
unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify each [required] battery charger supplies 

≥ [400] amps at greater than or equal to the 
minimum established float voltage ≥  [250/125] V for 
≥ [8] hours. 

 

 
 
 
 
 
 
 
[18 months] 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
3.8.4 

 
 

BWR/6 STS 3.8.4-4 Rev. 1.0, 04/07/95 

 
SURVEILLANCE  

 
FREQUENCY 

 
 OR 
 
 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. 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.37 -----------------------------NOTES------------------------------ 
 1. The modified performance discharge test in 

 SR 3.8.6.64.8 may be performed in lieu of the 
 service test in SR 3.8.4.37 once per 60 months. 

 
 2. This Surveillance shall not be performed in 

 MODE 1, 2, or 3.  However, credit may be taken 
 for unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is adequate to supply, and 

maintain in OPERABLE status, the required 
emergency loads for the design duty cycle when 
subjected to a battery service test. 

 

 
 
 
 
 
 
 
 
 
 
 
[18 months] 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.4.8 -----------------------------NOTE------------------------------- 
 This Surveillance shall not be performed in 

MODE 1, 2, or 3.  However, credit may be taken for 
unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity ≥ [80]% of the manufacturer's 

rating when subjected to a performance discharge 
test or a modified performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation or 
has reached 
[85]% of expected 
life with capacity 
< 100% of 
manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.5 DC Sources - Shutdown 
 
 
LCO  3.8.5  DC electrical power subsystem(s) shall be OPERABLE to support the 

electrical power distribution subsystem(s) required by LCO 3.8.10, 
"Distribution Systems — Shutdown." 

 
 
 
APPLICABILITY: MODES 4 and 5, 
 During movement of irradiated fuel assemblies in the [primary or 

secondary] containment. 
 
 
ACTIONS 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
[A. One [or two] battery 

charger[s on one 
subsystem] inoperable. 

 
 AND 
 
 The redundant 

subsystem battery and 
charger[s] OPERABLE. 

 

 
A.1 Restore battery terminal 

voltage to greater than or 
equal to the minimum 
established float voltage. 

 
AND 
 
A.2 Verify battery float current 

≤ [2] amps. 
 
AND 
 
A.3 Restore battery charger[s] 

to OPERABLE status. 
 

 
2 hours 
 
 
 
 
 
 
Once per [12] hours 
 
 
 
 
[72] hours 

 
BA. One or more required 

DC electrical power 
subsystems inoperable. 

 

 
BA.1 Declare affected required 

feature(s) inoperable. 
 
OR 
 
BA.2.1 Suspend CORE 

ALTERATIONS. 
 
      AND 
 
BA.2.2 Suspend movement of 

irradiated fuel assemblies in 
the [primary or secondary] 
containment. 

 
Immediately 
 
 
 
 
Immediately 
 
 
 
 
Immediately 
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CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
      AND 
 
BA.2.3 Initiate action to suspend 

operations with a potential 
for draining the reactor 
vessel. 

 
      AND 
 
BA.2.4 Initiate action to restore 

required DC electrical 
power subsystems to 
OPERABLE status. 

 

 
 
 
Immediately 
 
 
 
 
 
 
Immediately 
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SURVEILLANCE REQUIREMENTS 
 

SURVEILLANCE  
 

FREQUENCY 
 

 
SR  3.8.5.1 -------------------------------NOTE------------------------------ 
 The following SRs are not required to be performed:  

SR 3.8.4.26, and SR 3.8.4.37, and SR 3.8.4.8. 
 --------------------------------------------------------------------- 
 
 For DC sources required to be OPERABLE, the 

following SRs are applicable: 
 
 SR 3.8.4.1 SR 3.8.4.4 SR 3.8.4.7 
 SR 3.8.4.2 SR 3.8.4.5 SR 3.8.4.8. 
 SR 3.8.4.3 SR 3.8.4.6  
 

 
 
 
 
 
 
In accordance 
with applicable 
SRs 
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3.8   ELECTRICAL POWER SYSTEMS 
 
3.8.6 Battery Cell Parameters 
 
 
LCO  3.8.6 Battery cell parameters for the [Division 1, 2, and 3] electrical power 

subsystem batteries shall be within the limits of Table 3.8.6-1. 
 
 
 
APPLICABILITY: When associated DC electrical power subsystems are required to be 

OPERABLE. 
 
 
ACTIONS 
------------------------------------------------------------NOTE----------------------------------------------------------- 
Separate Condition entry is allowed for each battery. 
------------------------------------------------------------------------------------------------------------------------------- 
 

 
CONDITION 

 
REQUIRED ACTION 

 
COMPLETION TIME 

 
 
A. One or more batteries 

with one or more battery 
cell parameters not 
within Category A or B 
limits. 

 

 
A.1 Verify pilot cell[s] electrolyte 

level and float voltage meet 
Table 3.8.6-1 Category C 
limits. 

 
AND 
 
A.2 Verify battery cell 

parameters meet 
Table 3.8.6-1 Category C 
limits. 

 
 
 
AND 
 
A.3 Restore battery cell 

parameters to Category A 
and B limits of 
Table 3.8.6-1. 

 

 
1 hour 
 
 
 
 
 
 
24 hours 
 
AND 
 
Once per 7 days 
thereafter 
 
 
 
31 days 
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ACTIONS  (continued) 
 

CONDITION 
 

REQUIRED ACTION 
 

COMPLETION TIME 
 

 
A. One [or two] batter[y][ies 

on one subsystem] with 
one or more battery cells 
float voltage < [2.07] V. 

 

 
A.1 Perform SR 3.8.4.1. 
 
AND 
 
A.2 Perform SR 3.8.6.1. 
 
AND 
 
A.3 Restore affected cell 

voltage ≥ [2.07] V. 
 

 
2 hours 
 
 
 
2 hours 
 
 
 
24 hours 
 

 
B. One [or two] batter[y][ies 

on one subsystem] with 
float current > [2] amps. 

 

 
B.1 Perform SR 3.8.4.1. 
 
AND 
 
B.2 Restore battery float current 

to ≤ [2] amps. 
 

 
2 hours 
 
 
 
[12] hours 

 
---------------NOTE-------------- 
Required Action C.2 shall be 
completed if electrolyte level 
was below the top of plates. 
-------------------------------------- 
 
C. One [or two] batter[y][ies 

on one subsystem] with 
one or more cells 
electrolyte level less 
than minimum 
established design 
limits. 

 

 
--------------------NOTE------------------- 
Required Actions C.1 and C.2 are 
only applicable if electrolyte level 
was below the top of plates. 
------------------------------------------------ 
 
C.1 Restore electrolyte level to 

above top of plates. 
 
AND 
 
C.2 Verify no evidence of 

leakage. 
 
AND 
 
C.3 Restore electrolyte level to 

greater than or equal to 
minimum established 
design limits. 

 

 
 
 
 
 
 
 
8 hours 
 
 
 
 
12 hours 
 
 
 
 
31 days 
 

 
D. One [or two] batter[y][ies 

on one subsystem] with 
pilot cell electrolyte 
temperature less than 

 
D.1 Restore battery pilot cell 

temperature to greater than 
or equal to minimum 
established design limits. 

 
12 hours 
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minimum established 
design limits. 

 

 

 
E. One or more batteries in 

redundant subsystems 
with battery parameters 
not within limits. 

 

 
E.1 Restore battery parameters 

for batteries in one 
subsystem to within limits. 

 

 
2 hours 

 
FB. Required Action and 

associated Completion 
Time of Condition A, B, 
C, D, or E not met. 

 
 OR 
 
 One [or two] batter[y][ies 

on one subsystem] with 
one or more battery cells 
float voltage < [2.07] V 
and float current > [2] 
amps. 

One or more batteries with 
average electrolyte 
temperature of the 
representative cells 
< [60]°F. 

 
 OR 
 
 One or more batteries 

with one or more battery 
cell parameters not 
within Category C 
values. 

 

 
FB.1 Declare associated battery 

inoperable. 
 

 
Immediately 

 
 
 
SURVEILLANCE REQUIREMENTS 

 
SURVEILLANCE  

 
FREQUENCY 

 
 
SR  3.8.6.1 Verify battery cell parameters meet Table 3.8.6-1 

Category A limits. 
 

 
7 days 
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SURVEILLANCE REQUIREMENTS  (continued) 
 

SURVEILLANCE 
 

FREQUENCY 
 

 
SR  3.8.6.2 Verify battery cell parameters meet Table 3.8.6-1 

Category B limits. 
 
 

 
92 days 
 
AND 
 
Once within 
24 hours after 
battery discharge 
< [110] V 
 
AND 
 
Once within 
24 hours after 
battery 
overcharge 
> [150] V 
 

 
SR  3.8.6.3 Verify average electrolyte temperature of 

representative cells is ≥ [60]°F. 
 

 
92 days 
 

 
SR  3.8.6.1 -------------------------------NOTE------------------------------ 
 Not required to be met when battery terminal 

voltage is less than the minimum established float 
voltage of SR 3.8.4.1. 

 --------------------------------------------------------------------- 
 
 Verify each battery float current is ≤ [2] amps. 
 

 
 
 
 
 
 
 
7 days 
 

 
SR  3.8.6.2 Verify each battery pilot cell float voltage is ≥ [2.07] 

V. 
 

 
31 days 
 

 
SR  3.8.6.3 Verify each battery connected cell electrolyte level is 

greater than or equal to minimum established 
design limits. 

 

 
31 days 
 

 
SR  3.8.6.4 Verify each battery pilot cell temperature is greater 

than or equal to minimum established design limits. 
 

 
31 days 
 

 
SR  3.8.6.5 Verify each battery connected cell float voltage is 

≥ [2.07] V. 

 
92 days 
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SR  3.8.6.6 -------------------------------NOTE------------------------------ 
 This Surveillance shall not normally be performed in 

MODE 1, 2, or 3.  However, credit may be taken for 
unplanned events that satisfy this SR. 

 --------------------------------------------------------------------- 
 
 Verify battery capacity is ≥ [80%] of the 

manufacturer's rating when subjected to a 
performance discharge test or a modified 
performance discharge test. 

 

 
 
 
 
 
 
 
60 months 
 
AND 
 
12 months when 
battery shows 
degradation, or 
has reached 
[85]% of the 
expected life with 
capacity < 100% 
of manufacturer's 
rating 
 
AND 
 
24 months when 
battery has 
reached [85]% of 
the expected life 
with capacity 
≥ 100% of 
manufacturer's 
rating 
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Table 3.8.6-1 (page 1 of 1) 
Battery Cell Parameter Requirements 

 
 
 
 
 

PARAMETER 

 
CATEGORY A: 

LIMITS FOR EACH 
DESIGNATED 
PILOT CELL 

 
 

CATEGORY B: 
LIMITS FOR EACH 
CONNECTED CELL 

 
CATEGORY C: 

ALLOWABLE LIMITS 
FOR EACH 

CONNECTED CELL 
 

 
Electrolyte Level 

 

 
> Minimum level 
indication mark, 
and � ¼ inch 

above maximum 
level indication 

mark(a) 
 

 
> Minimum level 
indication mark, 
and � ¼ inch 

above maximum 
level indication 

mark(a) 
 

 
Above top of plates, 
and not overflowing 

 

 
Float Voltage 

 

 
≥ 2.13 V 

 

 
≥ 2.13 V 

 

 
> 2.07 V 

 
 

Specific Gravity(b)(c) 
 

 
≥  [1.195] 

 

 
≥  [1.190] 

 
AND 

 
Average of all 

connected cells 
> [1.200] 

 

 
Not more than 
0.020 below 

average of all 
connected cells 

 
AND 

 
Average of all 

connected cells 
≥ [1.190] 

 
 

(a) It is acceptable for the electrolyte level to temporarily increase above the specified 
maximum level during equalizing charges provided it is not overflowing. 

 
(b) Corrected for electrolyte temperature and level.  Level correction is not required, 

however, when battery charging is < [2] amps when on float charge. 
 

(c) A battery charging current of < [2] amps when on float charge is acceptable for meeting 
specific gravity limits following a battery recharge, for a maximum of [7] days.  When charging 
current is used to satisfy specific gravity requirements, specific gravity of each connected cell 

shall be measured prior to expiration of the [7] day allowance. 
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5.5 Programs and Manuals 
 
5.5.14  Battery Monitoring and Maintenance Program 
 

This Program provides controls for battery restoration and maintenance.  The 
program shall be in accordance with IEEE Standard (Std) 450-2002, "IEEE 
Recommended Practice for Maintenance, Testing, and Replacement of Vented 
Lead-Acid Batteries for Stationary Applications," as endorsed by Regulatory 
Guide 1.129, Revision 2 (RG), with RG exceptions and program provisions as 
identified below: 

 
   a. The program allows the following RG 1.129, Revision 2 exceptions: 
 
    1. Battery temperature correction may be performed before or after 

conducting discharge tests. 
 
    2. RG 1.129, Regulatory Position 1, Subsection 2, "References," is not 

applicable to this program. 
 
    3. In lieu of RG 1.129, Regulatory Position 2, Subsection 5.2, 

"Inspections," the following shall be used: "Where reference is made 
to the pilot cell, pilot cell selection shall be based on the lowest 
voltage cell in the battery.” 

 
    4 In Regulatory Guide 1.129, Regulatory Position 3, Subsection 5.4.1, 

"State of Charge Indicator," the following statements in paragraph (d) 
may be omitted: "When it has been recorded that the charging current 
has stabilized at the charging voltage for three consecutive hourly 
measurements, the battery is near full charge.  These measurements 
shall be made after the initially high charging current decreases 
sharply and the battery voltage rises to approach the charger output 
voltage." 

 
    5. In lieu of RG 1.129, Regulatory Position 7, Subsection 7.6, 

"Restoration", the following may be used:  "Following the test, record 
the float voltage of each cell of the string." 

 
   b. The program shall include the following provisions: 
 
    1. Actions to restore battery cells with float voltage < [2.13] V;  
 
    2. Actions to determine whether the float voltage of the remaining 

battery cells is ≥ [2.13] V when the float voltage of a battery cell has 
been found to be < [2.13] V; 

 
    3. Actions to equalize and test battery cells that had been discovered 

with electrolyte level below the top of the plates;  
 
    4. Limits on average electrolyte temperature, battery connection 

resistance, and battery terminal voltage; and 
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    5. A requirement to obtain specific gravity readings of all cells at each 

discharge test, consistent with manufacturer recommendations. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.4  DC Sources - Operating 
 
 
BASES 
 
BACKGROUND The station DC electrical power system provides the AC emergency 

power system with control power.  It also provides both motive and 
control power to selected safety related equipment.  As required by 
10 CFR 50, Appendix A, GDC 17 (Ref. 1), the DC electrical power system 
is designed to have sufficient independence, redundancy, and testability 
to perform its safety functions, assuming a single failure.  The DC 
electrical power system also conforms to the requirements of Regulatory 
Guide 1.6 (Ref. 2) and IEEE-308 (Ref. 3). 

 
The 125 VDC electrical power system consists of three independent 
Class 1E DC electrical power subsystems, Divisions 1, 2, and 3.  Each 
subsystem consists of a battery, associated battery charger(s), and all the 
associated control equipment and interconnecting cabling. 

 
During normal operation, the DC loads are powered from the battery 
chargers with the batteries floating on the system.  In case of loss of 
normal power to the battery charger, the DC loads are automatically 
powered from the Engineered Safety Feature (ESF) batteries. 

 
Each of the Division 1 and 2 electrical power subsystems provides the 
control power for its associated Class 1E AC power load group, 4.16 kV 
switchgear, and 480 V load centers.  Also, these DC subsystems provide 
DC electrical power to the inverters, which in turn power the AC vital 
buses.  The Division 3 DC electrical power subsystem provides DC 
motive and control power as required for the High Pressure Core Spray 
(HPCS) System diesel generator (DG) set control and protection. 

 
The DC power distribution system is described in more detail in Bases for 
LCO 3.8.9, "Distribution Systems - Operating," and LCO 3.8.10, 
"Distribution Systems - Shutdown." 

 
Each Division 1 and 2 battery has adequate storage capacity to carry the 
required load continuously for at least 4 hours and to perform three 
complete cycles of intermittent loads as discussed in the FSAR, 
Section [8.3.2] (Ref. 4). 
 
The Division 3 battery has adequate storage to carry the required load 
continuously for at least 2 hours (Ref. 4). 
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BASES 
 
BACKGROUND  (continued) 

 
Each DC battery subsystem is separately housed in a ventilated room 
apart from its charger and distribution centers.  Each subsystem is 
located in an area separated physically and electrically from the other 
subsystems to ensure that a single failure in one subsystem does not 
cause a failure in a redundant subsystem.  [There is no sharing between 
redundant Class 1E subsystems such as batteries, battery chargers, or 
distribution panels.] 

 
Each battery has adequate storage capacity to  meet the duty cycle(s) 
discussed in the FSAR, Chapter [8] (Ref 4).  The battery is designed with 
additional capacity above that required by the design duty cycle to allow 
for temperature variations and other factors. 
 
The batteries for a DC electrical power subsystem are sized to produce 
required capacity at 80% of nameplate rating, corresponding to warranted 
capacity at end of life cycles and the 100% design demand.  The 
minimum voltage design limit is 1.75 V per cell (Ref. 4). 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for a [58] cell battery (i.e., 
cell voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential, which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 4). 
 
Each battery charger of Division 1 and 2 DC electrical power subsystem 
battery charger has ample power output capacity for the steady state 
operation of connected loads required during normal operation, while at 
the same time maintaining its battery bank fully charged.  Each battery 
charger has sufficient excess capacity to restore the battery bank from 
the design minimum charge to its fully charged state within [12] hours 
while supplying normal steady state loads (Ref. 4). 

 
The battery charger of Division 3 DC electrical power subsystem battery charger has sufficient 

excess capacity to restore the battery bank from the design minimum 
charge to its fully charged state in [8] hours while supplying normal steady 
state loads (Ref. 4).  
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The battery charger is normally in the float-charge mode.  Float-charge is 
the condition in which the charger is supplying the connected loads and 
the battery cells are receiving adequate current to optimally charge the 
battery.  This assures the internal losses of a battery are overcome and 
the battery is maintained in a fully charged state. 
 
When desired, the charger can be placed in the equalize mode.  The 
equalize mode is at a higher voltage than the float mode and charging 
current is correspondingly higher.  The battery charger is operated in the 
equalize mode after a battery discharge or for routine maintenance.  
Following a battery discharge, the battery recharge characteristic accepts 
current at the current limit of the battery charger (if the discharge was 
significant, e.g., following a battery service test) until the battery terminal 
voltage approaches the charger voltage setpoint.  Charging current then 
reduces exponentially during the remainder of the recharge cycle.  Lead-
calcium batteries have recharge efficiencies of greater than 95%, so once 
at least 105% of the ampere-hours discharged have been returned, the 
battery capacity would be restored to the same condition as it was prior to 
the discharge.  This can be monitored by direct observation of the 
exponentially decaying charging current or by evaluating the amp-hours 
discharged from the battery and amp-hours returned to the battery. 
 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in the FSAR, Chapter [6] (Ref. 45) and Chapter [15] (Ref. 56), 
ANALYSES assume that ESF systems are OPERABLE.  The DC electrical power 

system provides normal and emergency DC electrical power for the DGs, 
emergency auxiliaries, and control and switching during all MODES of 
operation. 

 
 The OPERABILITY of the DC subsystems is consistent with the initial 

assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining DC sources 
OPERABLE during accident conditions in the event of: 

 
   a. An assumed loss of all offsite AC power or of all onsite AC power; 

and 
 

b. A worst case single failure. 
 
 The DC sources satisfy Criterion 3 of the NRC Policy Statement. 
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BASES 
 
LCO The DC electrical power subsystems, each subsystem consisting of one 

battery, one battery charger, and the corresponding control equipment 
and interconnecting cabling supplying power to the associated bus within 
the divisions, are required to be OPERABLE to ensure the availability of 
the required power to shut down the reactor and maintain it in a safe 
condition after an anticipated operational occurrence (AOO) or a 
postulated DBA.  Loss of any DC electrical power subsystem does not 
prevent the minimum safety function from being performed (Ref. 4). 

 
APPLICABILITY The DC electrical power sources are required to be OPERABLE in 

MODES 1, 2, and 3 to ensure safe unit operation and to ensure that: 
 

a. Acceptable fuel design limits and reactor coolant pressure 
boundary limits are not exceeded as a result of AOOs or abnormal 
transients; and 

 
b. Adequate core cooling is provided, and containment integrity and 

other vital functions are maintained in the event of a postulated 
DBA. 

 
The DC electrical power requirements for MODES 4 and 5 are addressed 
in the Bases for LCO 3.8.5, "DC Sources - Shutdown." 

 
ACTIONS A.1, A.2, and A.3 
 

Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability.   

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 

TSTF-500, Rev. 2 (ISTS Rev. 1)



DC Sources - Operating 
B 3.8.4 

 
 

 
BWR/6 STS B 3.8.4-5  Rev. 1.0, 04/07/95 

 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 
 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it is now fully 
capable of supplying the maximum expected load requirement.  The [2] 
amp value is based on returning the battery to [95]% charge and 
assumes a [5]% design margin for the battery.  If at the expiration of the 
initial [12] hour period the battery float current is not less than or equal to 
[2] amps this indicates there may be additional battery problems and the 
battery must be declared inoperable. 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications," and RG 1.174, "An 
Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."  
Alternatively, the 7 day Completion Time can be justified by an 
acceptable method, such as a regulatory commitment that an alternate 
means to charge the batteries will be available that is capable of being 
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supplied power from a power source that is independent of the offsite 
power supply.  Otherwise, the 72 hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
 
Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 
 
B.1 
 
-----------------------------------REVIEWER’S NOTES--------------------------------- 
1. The 2 hour Completion Times of Required Actions B.1 and C.1 are in 

brackets.  Any licensee wishing to request a longer Completion Time 
will need to demonstrate that the longer Completion Time is 
appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177 and RG 1.174. 

 
2. Condition B is included if Required Action B.1 (One [or two] 

batter[y][ies on one subsystem] inoperable) and Required Action C.1 
(One DC electrical power subsystem inoperable for reasons other 
than Condition A [or B]) would have different Completion Times.  If 
the plant design supports different Completion Times when a battery 
is inoperable but the charger is OPERABLE, then Condition B is 
used.  If not, Condition B is deleted and only Condition C is used. 

-------------------------------------------------------------------------------------------------- 
 
Condition B represents one subsystem with one [or two] batter[y][ies] 
inoperable.  With one [or two] batter[y][ies] inoperable, the DC bus is 
being supplied by the OPERABLE battery charger[s].  Any event that 
results in a loss of the AC bus supporting the battery charger[s] will also 
result in loss of DC to that subsystem.  Recovery of the AC bus, 
especially if it is due to a loss of offsite power, will be hampered by the 
fact that many of the components necessary for the recovery (e.g., diesel 
generator control and field flash, AC load shed and diesel generator 
output circuit breakers, etc.) likely rely upon the batter[y][ies].  In addition 
the energization transients of any DC loads that are beyond the capability 
of the battery charger[s] and normally require the assistance of the 
batter[y][ies] will not be able to be brought online.  The [2] hour limit 
allows sufficient time to effect restoration of an inoperable battery given 
that the majority of the conditions that lead to battery inoperability (e.g., 
loss of battery charger, battery cell voltage less than [2.07] V, etc.) are 
identified in Specifications 3.8.4, 3.8.5, and 3.8.6 together with additional 
specific completion times. 

 
   CA.1 
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Condition CA represents one division subsystem with a loss of ability to 
completely respond to an event, and a potential loss of ability to remain 
energized during normal operation.  It is, therefore, imperative that the 
operator's attention focus on stabilizing the unit, minimizing the potential 
for complete loss of DC power to the affected division subsystem.  The 
2 hour limit is consistent with the allowed time for an inoperable DC 
distribution system division subsystem. 

 
If one of the required [Division 1 or 2] DC electrical power subsystems is 
inoperable for reasons other than Condition A or B (e.g., inoperable 
battery, inoperable battery charger, or inoperable battery charger and 
associated inoperable battery), the remaining DC electrical power 
subsystems have the capacity to support a safe shutdown and to mitigate 
an accident condition.  Since a subsequent worst case single failure 
could, however, result in the loss of minimum necessary DC electrical 
subsystems, continued power operation should not exceed 2 hours.  The 
2 hour Completion Time is based on Regulatory Guide 1.93 (Ref. 67) and 
reflects a reasonable time to assess unit status as a function of the 
inoperable DC electrical power subsystem and, if the DC electrical power 
subsystem is not restored to OPERABLE status, to prepare to effect an 
orderly and safe unit shutdown. 
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BASES 
 
ACTIONS  (continued) 
 

DB.1  
 

With the Division 3 DC electrical power subsystem inoperable, the HPCS 
and 2C Standby Service Water System may be incapable of performing 
their intended functions and must be immediately declared inoperable.  
This declaration also requires entry into applicable Conditions and 
Required Actions of LCO 3.5.1, "ECCS - Operating," [and LCO 3.7.1, 
"Standby Service Water (SSW)] System and [Ultimate Heat Sink (UHS)"]]. 

 
 

EC.1 and EC.2  
 

If the DC electrical power subsystem cannot be restored to OPERABLE 
status within the associated Completion Time, the unit must be brought to 
a MODE in which the LCO does not apply.  To achieve this status, the 
plant must be brought to at least MODE 3 within 12 hours and to MODE 4 
within 36 hours.  The allowed Completion Times are reasonable, based 
on operating experience, to reach the required plant conditions from full 
power conditions in an orderly manner and without challenging plant 
systems.  The Completion Time to bring the unit to MODE 4 is consistent 
with the time required in Regulatory Guide 1.93 (Ref. 67). 

 
SURVEILLANCE SR  3.8.4.1 
REQUIREMENTS 

Verifying battery terminal voltage while on float charge helps to ensure 
the effectiveness of the battery chargers, which support he ability of the 
batteries to perform their intended functioncharging system and the ability 
of the batteries to perform their intended function.  Float charge is the 
condition in which the charger is supplying the continuous charge 
required to overcome the internal losses of a battery (or battery cell) and 
maintain the battery (or battery cell) in a fully charged state while 
supplying the continuous steady state loads of the associated DC 
subsystem.  On float charge, battery cells will receive adequate current to 
optimally charge the battery.  The voltage requirements are based on the 
nominal design voltage of the battery and are consistent with the 
minimum float voltage established by the battery manufacturer ([2.20] Vpc 
times the number of connected cells or [127.6] V for a 58 cell battery at 
the battery terminals).  This voltage maintains the battery plates in a 
condition that supports maintaining the grid life.  The voltage 
requirements are based on the nominal design voltage of the battery and 
are consistent with the initial voltages assumed in the battery sizing 
calculations.  The 7 day Frequency is consistent with manufacturer's 
recommendations and IEEE-450 (Ref. 8). 
 
 
SR  3.8.4.2 
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Visual inspection to detect corrosion of the battery cells and connections, 
or measurement of the resistance of each inter-cell, inter-rack, inter-tier, 
and terminal connection, provides an indication of physical damage or 
abnormal deterioration that could potentially degrade battery 
performance. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The limits established for this SR must be no more than 20% above the 
resistance as measured during installation, or not above the ceiling value 
established by the manufacturer. 

 
The Surveillance Frequency for these inspections, which can detect 
conditions that can cause power losses due to resistance heating, is 
92 days.  This Frequency is considered acceptable based on operating 
experience related to detecting corrosion trends. 

 
 
 SR  3.8.4.3 
 
 Visual inspection of the battery cells, cell plates, and battery racks 

provides an indication of physical damage or abnormal deterioration that 
could potentially degrade battery performance. 

 
[ The 12 month Frequency of this SR is consistent with IEEE-450 (Ref. 8), 
which recommends detailed visual inspection of cell condition and 
inspection of cell to cell and terminal connection resistance on a yearly 
basis. ] 

 
 

SR  3.8.4.4 and SR  3.8.4.5  
 

Visual inspection and resistance measurements of inter-cell, inter-rack, 
inter-tier, and terminal connections provides an indication of physical 
damage or abnormal deterioration that could indicate degraded battery 
condition.  The anti-corrosion material is used to ensure good electrical 
connections and to reduce terminal deterioration.  The visual inspection 
for corrosion is not intended to require removal of and inspection under 
each terminal connection. 

 
The removal of visible corrosion is a preventive maintenance SR.  The 
presence of visible corrosion does not necessarily represent a failure of 
this SR, provided visible corrosion is removed during performance of this 
Surveillance. 
 
Reviewer's Note:  The requirement to verify that terminal connections are 
clean and tight applies only to nickel cadmium batteries as per IEEE 
Standard P1106, "IEEE Recommended Practice for Installation, 
Maintenance, Testing and Replacement of Vented Nickel - Cadmium 
Batteries for Stationary Applications."  This requirement may be removed 
for lead acid batteries.  
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
The connection resistance limits for this SR must be no more than 20% 
above the resistance as measured during installation, or not above the 
ceiling value established by the manufacturer. 
 
[ The 12 month Frequency of these SRs is consistent with IEEE-450 
(Ref. 8), which recommends detailed visual inspection of cell condition 
and inspection of cell to cell and terminal connection resistance on a 
yearly basis. ] 
 
 
SR  3.8.4.26 
 
This SR verifies Battery charger capability requirements are based on the 
design capacity of the battery chargers (Ref. 4).  According to Regulatory 
Guide 1.32 (Ref. 9), the battery charger supply is required recommended 
to be based on the largest combined demands of the various steady state 
loads and the charging capacity to restore the battery from the design 
minimum charge state to the fully charged state, irrespective of the status 
of the unit during these demand occurrences.  The minimum required 
amperes and duration ensure that these requirements can be satisfied. 

 
This SR provides two options.  One option requires that each battery 
charger be capable of supplying [400] amps at the minimum established 
float voltage for [8] hours.  The ampere requirements are based on the 
output rating of the chargers.  The voltage requirements are based on the 
charger voltage level after a response to a loss of AC power.  The time 
period is sufficient for the charger temperature to have stabilized and to 
have been maintained for at least [2] hours. 
 
The other option requires that each battery charger be capable of 
recharging the battery after a service test coincident with supplying the 
largest coincident demands of the various continuous steady state loads 
(irrespective of the status of the plant during which these demands 
occur).  This level of loading may not normally be available following the 
battery service test and will need to be supplemented with additional 
loads.  The duration for this test may be longer than the charger sizing 
criteria since the battery recharge is affected by float voltage, 
temperature, and the exponential decay in charging current.  The battery 
is recharged when the measured charging current is ≤ [2] amps. 
 
The Surveillance Frequency is acceptable, given the unit conditions 
required to perform the test and the other administrative controls existing 
to ensure adequate charger performance during these 18 month intervals.  
In addition, this Frequency is intended to be consistent with expected fuel 
cycle lengths. 
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This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would remove a required DC electrical power subsystem 
from service, perturb the electrical distribution system, and challenge 
safety systems.  Credit may be taken for unplanned events that satisfy 
the Surveillance. 
 
 
SR  3.8.4.37  

 
A battery service test is a special test of the battery's capability, as found, 
to satisfy the design requirements (battery duty cycle) of the DC electrical 
power system.  The discharge rate and test length correspond to the 
design duty cycle requirements as specified in Reference 4. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

The Surveillance Frequency of 18 months is consistent with the 
recommendations of Regulatory Guide 1.32 (Ref. 9) and Regulatory 
Guide 1.129 (Ref. 10), which state that the battery service test should be 
performed during refueling operations or at some other outage, with 
intervals between tests not to exceed 18 months. 

 
This SR is modified by two Notes.  Note 1 allows the performance of a 
modified performance discharge test in lieu of a service test once per 
60 months. 
 

 
The modified performance discharge test is a simulated duty cycle 
consisting of just two rates; the one minute rate published for the battery 
or the largest current load of the duty cycle, followed by the test rate 
employed for the performance test, both of which envelope the duty cycle 
of the service test.  Since the ampere-hours removed by a rated one 
minute discharge represents a very small portion of the battery capacity, 
the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test should 
remain above the minimum battery terminal voltage specified in the 
battery service test for the duration of time equal to that of the service 
test. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 

 
The reason for Note 2 is that performing the Surveillance would remove a 
required DC electrical power subsystem from service, perturb the 
electrical distribution system, and challenge safety systems.  Credit may 
be taken for unplanned events that satisfy the Surveillance. 
 
 
SR  3.8.4.8 

 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

A battery modified performance discharge test is described in the Bases 
for SR 3.8.4.7.  Either the battery performance discharge test or the 
modified performance discharge test is acceptable for satisfying SR 
3.8.4.8; however, only the modified performance discharge test may be 
used to satisfy SR 3.8.4.8 while satisfying the requirements of SR 3.8.4.7 
at the same time. 

 
The acceptance criteria for this Surveillance is consistent with IEEE-450 
(Ref. 8) and IEEE-485 (Ref. 11).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements. 

 
The Surveillance Frequency for this test is normally 60 months.  If the 
battery shows degradation, or if the battery has reached 85% of its 
expected life and capacity is < 100% of the manufacturer's rating, the 
Surveillance Frequency is reduced to 12 months.  However, if the battery 
shows no degradation but has reached 85% of its expected life, the 
Surveillance Frequency is only reduced to 24 months for batteries that 
retain capacity � 100% of the manufacturer's rating.  Degradation is 
indicated, according to IEEE-450 (Ref. 8), when the battery capacity 
drops by more than 10% relative to its capacity on the previous 
performance test or when it is � 10% below the manufacturer's rating.  All 
these Frequencies are consistent with the recommendations in IEEE-450 
(Ref. 8). 

 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would remove a required DC electrical power subsystem 
from service, perturb the electrical distribution system, and challenge 
safety systems.  Credit may be taken for unplanned events that satisfy 
the Surveillance. 

 
REFERENCES 1. 10 CFR 50, Appendix A, GDC 17. 
 
 2. Regulatory Guide 1.6, March 10, 1971. 
 
 3. IEEE Standard 308, 1978. 
 
 4. FSAR, Chapter [8.3.2]. 
 
 5. FSAR, Chapter [6]. 
 
 6. FSAR, Chapter [15]. 
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BASES 
 
REFERENCES  (continued) 
 
 7. Regulatory Guide 1.93, December 1974. 
 
 8. IEEE Standard 450, 1987. 
 
 89. Regulatory Guide 1.32, February 1977. 
 
 910. Regulatory Guide 1.129, December 1974. 
 
 11. IEEE Standard 485. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.5  DC Sources - Shutdown 
 
 
BASES 
 
BACKGROUND A description of the DC sources is provided in the Bases for LCO 3.8.4, 

"DC Sources - Operating." 
 
APPLICABLE The initial conditions of Design Basis Accident and transient analyses in 
SAFETY  the FSAR, Chapter [6] (Ref. 1) and Chapter [15] (Ref. 2), assume that 
ANALYSES Engineered Safety Feature systems are OPERABLE.  The DC electrical 

power system provides normal and emergency DC electrical power for 
the diesel generators, emergency auxiliaries, and control and switching 
during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and the requirements for the 
supported systems' OPERABILITY. 

 
The OPERABILITY of the minimum DC electrical power sources during 
MODES 4 and 5 and during movement of irradiated fuel assemblies 
ensures that: 

 
a. The facility can be maintained in the shutdown or refueling 

condition for extended periods; 
 

b. Sufficient instrumentation and control capability is available for 
monitoring and maintaining the unit status; and 

 
c. Adequate DC electrical power is provided to mitigate events 

postulated during shutdown, such as an inadvertent draindown of 
the vessel or a fuel handling accident. 

 
The DC sources satisfy Criterion 3 of the NRC Policy Statement. 

 
LCO The DC electrical power subsystems, each consisting of [two] battery 

banks, [one or two] battery charger[s], and the corresponding control 
equipment and interconnecting cabling within the division, are required to 
be OPERABLE to support required divisions of Distribution System 
divisions required OPERABLE by LCO 3.8.10, "Distribution Systems - 
Shutdown."  This ensures the availability of sufficient DC electrical power 
sources to operate the unit in a safe manner and to mitigate the 
consequences of postulated events during shutdown (e.g., fuel handling 
accidents and inadvertent reactor vessel draindown). 
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BASES 
 
APPLICABILITY The DC electrical power sources required to be OPERABLE in MODES 4 

and 5 and during movement of irradiated fuel assemblies in the [primary 
or secondary containment] provide assurance that: 

 
a. Required features to provide adequate coolant inventory makeup 

are available for the irradiated fuel assemblies in the core in case of 
an inadvertent draindown of the reactor vessel; 

 
b. Required features needed to mitigate a fuel handling accident are 

available; 
 

c. Required features necessary to mitigate the effects of events that 
can lead to core damage during shutdown are available; and 

 
d. Instrumentation and control capability is available for monitoring 

and maintaining the unit in a cold shutdown condition or refueling 
condition. 

 
 The DC electrical power requirements for MODES 1, 2, and 3 are 

covered in LCO 3.8.4. 
 
ACTIONS  A.1, A.2, and A.3 

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
ACTION A is included only when plant-specific implementation of LCO 
3.8.5 includes the potential to require both subsystems of the DC System 
to be OPERABLE.  If plant-specific implementation results in LCO 3.8.5 
requiring only one subsystem of the DC System to be OPERABLE, then 
ACTION A is omitted and ACTION B is renumbered as ACTION A. 
-------------------------------------------------------------------------------------------------- 

 
Condition A represents one subsystem with one [or two] battery chargers 
inoperable (e.g., the voltage limit of SR 3.8.4.1 is not maintained).  The 
ACTIONS provide a tiered response that focuses on returning the battery 
to the fully charged state and restoring a fully qualified charger to 
OPERABLE status in a reasonable time period.  Required Action A.1 
requires that the battery terminal voltage be restored to greater than or 
equal to the minimum established float voltage within 2 hours.  This time 
provides for returning the inoperable charger to OPERABLE status or 
providing an alternate means of restoring battery terminal voltage to 
greater than or equal to the minimum established float voltage.  Restoring 
the battery terminal voltage to greater than or equal to the minimum 
established float voltage provides good assurance that, within [12] hours, 
the battery will be restored to its fully charged condition (Required Action 
A.2) from any discharge that might have occurred due to the charger 
inoperability. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
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A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
 
A discharged battery having terminal voltage of at least the minimum 
established float voltage indicates that the battery is on the exponential 
charging current portion (the second part) of its recharge cycle.  The time 
to return a battery to its fully charged state under this condition is simply a 
function of the amount of the previous discharge and the recharge 
characteristic of the battery.  Thus there is good assurance of fully 
recharging the battery within [12] hours, avoiding a premature shutdown 
with its own attendant risk. 
 
If established battery terminal float voltage cannot be restored to greater 
than or equal to the minimum established float voltage within 2 hours, and 
the charger is not operating in the current-limiting mode, a faulty charger 
is indicated.  A faulty charger that is incapable of maintaining established 
battery terminal float voltage does not provide assurance that it can revert 
to and operate properly in the current limit mode that is necessary during 
the recovery period following a battery discharge event that the DC 
system is designed for. 

 
If the charger is operating in the current limit mode after 2 hours that is an 
indication that the battery is partially discharged and its capacity margins 
will be reduced.  The time to return the battery to its fully charged 
condition in this case is a function of the battery charger capacity, the 
amount of loads on the associated DC system, the amount of the 
previous discharge, and the recharge characteristic of the battery.  The 
charge time can be extensive, and there is not adequate assurance that it 
can be recharged within [12] hours (Required Action A.2). 
 
Required Action A.2 requires that the battery float current be verified as 
less than or equal to [2] amps.  This indicates that, if the battery had been 
discharged as the result of the inoperable battery charger, it has now 
been fully recharged.  If at the expiration of the initial [12] hour period the 
battery float current is not less than or equal to [2] amps this indicates 
there may be additional battery problems and the battery must be 
declared inoperable. 
 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
Any licensee wishing to adopt a Completion Time greater than 72 hours 
for Required Action A.3 will need to demonstrate that the Completion 
Time is appropriate for the plant in accordance with the guidance in 
Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-
Informed Decisionmaking:  Technical Specifications."  Otherwise, the 72 
hour Completion Time must be adopted. 
-------------------------------------------------------------------------------------------------- 
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Required Action A.3 limits the restoration time for the inoperable battery 
charger to [72] hours.  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 [72] hour Completion Time reflects a 
reasonable time to effect restoration of the qualified battery charger to 
OPERABLE status. 

 
 BA.1, BA.2.1, BA.2.2, BA.2.3, and BA.2.4 
 
 If more than one DC distribution subsystem is required according to 

LCO 3.8.10, the DC subsystems remaining OPERABLE with one or more 
DC power sources inoperable may be capable of supporting sufficient 
required features to allow continuation of CORE ALTERATIONS, fuel 
movement, and operations with a potential for draining the reactor vessel. 

 
By allowing the option to declare required features inoperable with 
associated DC power source(s) inoperable, appropriate restrictions are 
implemented in accordance with the affected system LCOs' ACTIONS.  In 
many instances this option may involve undesired administrative efforts.  
Therefore, the allowance for sufficiently conservative actions is made 
(i.e., to suspend CORE ALTERATIONS, movement of irradiated fuel 
assemblies, and any activities that could result in inadvertent draining of 
the reactor vessel). 
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BASES 
 
ACTIONS  (continued) 

 
Suspension of these activities shall not preclude completion of actions to 
establish a safe conservative condition.  These actions minimize the 
probability of the occurrence of postulated events.  It is further required to 
immediately initiate action to restore the required DC electrical power 
subsystems and to continue this action until restoration is accomplished 
in order to provide the necessary DC electrical power to the plant safety 
systems. 

 
The Completion Time of immediately is consistent with the required times 
for actions requiring prompt attention.  The restoration of the required DC 
electrical power subsystems should be completed as quickly as possible 
in order to minimize the time during which the plant safety systems may 
be without sufficient power. 

 
SURVEILLANCE SR  3.8.5.1 
REQUIREMENTS 

SR 3.8.5.1 requires performance of all Surveillances required by 
SR 3.8.4.1 through SR 3.8.4.38.  Therefore, see the corresponding Bases 
for LCO 3.8.4 for a discussion of each SR. 

 
This SR is modified by a Note.  The reason for the Note is to preclude 
requiring the OPERABLE DC sources from being discharged below their 
capability to provide the required power supply or otherwise rendered 
inoperable during the performance of SRs.  It is the intent that these SRs 
must still be capable of being met, but actual performance is not required. 

 
REFERENCES 1. FSAR, Chapter [6]. 
 
 2. FSAR, Chapter [15]. 
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B 3.8  ELECTRICAL POWER SYSTEMS 
 
B 3.8.6  Battery Cell Parameters 
 
 
BASES 
 
BACKGROUND This LCO delineates the limits on battery float current as well as 

electrolyte temperature, level, and float voltage, and specific gravity for 
the DC power source batteries.  A discussion of these batteries and their 
OPERABILITY requirements is provided in the Bases for LCO 3.8.4, "DC 
Sources - Operating," and LCO 3.8.5, "DC Sources - Shutdown."  In 
addition to the limitations of this Specification, the [licensee controlled 
program] also implements a program specified in Specification 5.5.14 for 
monitoring various battery parameters. 

 
The battery cells are of flooded lead acid construction with a nominal 
specific gravity of [1.215].  This specific gravity corresponds to an open 
circuit battery voltage of approximately 120 V for [58] cell battery (i.e., cell 
voltage of [2.065] volts per cell (Vpc)).  The open circuit voltage is the 
voltage maintained when there is no charging or discharging.  Once fully 
charged with its open circuit voltage ≥ [2.065] Vpc, the battery cell will 
maintain its capacity for [30] days without further charging per 
manufacturer's instructions.  Optimal long term performance however, is 
obtained by maintaining a float voltage [2.20 to 2.25] Vpc.  This provides 
adequate over-potential which limits the formation of lead sulfate and self 
discharge.  The nominal float voltage of [2.22] Vpc corresponds to a total 
float voltage output of [128.8] V for a [58] cell battery as discussed in the 
FSAR, Chapter [8] (Ref. 2). 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient 
SAFETY  analyses in FSAR, Chapter [6] (Ref. 31) and Chapter [15] (Ref. 42), 
ANALYSES assume Engineered Safety Feature systems are OPERABLE. The DC 

electrical power subsystems provide normal and emergency DC electrical 
power for the diesel generators, emergency auxiliaries, and control and 
switching during all MODES of operation. 

 
The OPERABILITY of the DC subsystems is consistent with the initial 
assumptions of the accident analyses and is based upon meeting the 
design basis of the unit.  This includes maintaining at least one division 
subsystem of DC sources OPERABLE during accident conditions, in the 
event of: 

 
a. An assumed loss of all offsite AC power or all onsite AC power; and 

 
b. A worst case single failure. 

 
Since battery cell parameters support the operation of the DC power 
sources, they satisfy Criterion 3 of the NRC Policy Statement. 
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LCO Battery cell parameters must remain within acceptable limits to ensure 
availability of the required DC power to shut down the reactor and 
maintain it in a safe condition after an anticipated operational occurrence 
or a postulated DBA.  Battery parameter Electrolyte limits are 
conservatively established, allowing continued DC electrical system 
function even with Category A and  B limits not met.  Additional 
preventative maintenance, testing, and monitoring performed in 
accordance with the [licensee controlled program] is conducted as 
specified in Specification 5.5.14. 

 
APPLICABILITY The battery cell parameters are required solely for the support of the 

associated DC electrical power subsystem.  Therefore, battery parameter 
limits are electrolyte is only required when the DC power source is 
required to be OPERABLE.  Refer to the Applicability discussion in Bases 
for LCO 3.8.4 and LCO 3.8.5. 
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BASES 
 
ACTIONS  A.1, A.2, and A.3 
 

With one or more cells in one or more batteries in one subsystem < [2.07] 
V, the battery cell is degraded.  Within 2 hours verification of the required 
battery charger OPERABILITY is made by monitoring the battery terminal 
voltage (SR 3.8.4.1) and of the overall battery state of charge by 
monitoring the battery float charge current (SR 3.8.6.1).  This assures that 
there is still sufficient battery capacity to perform the intended function.  
Therefore, the affected battery is not required to be considered inoperable 
solely as a result of one or more cells in one or more batteries < [2.07] V, 
and continued operation is permitted for a limited period up to 24 hours. 
 
Since the Required Actions only specify "perform," a failure of SR 3.8.4.1 
or SR 3.8.6.1 acceptance criteria does not result in this Required Action 
not met.  However, if one of the SRs is failed the appropriate Condition(s), 
depending on the cause of the failures, is entered.  If SR 3.8.6.1 is failed 
then there is not assurance that there is still sufficient battery capacity to 
perform the intended function and the battery must be declared 
inoperable immediately. 

 
B.1 and B.2 
 
One or more batteries in one subsystem with float > [2] amps indicates 
that a partial discharge of the battery capacity has occurred.  This may be 
due to a temporary loss of a battery charger or possibly due to one or 
more battery cells in a low voltage condition reflecting some loss of 
capacity.  Within 2 hours verification of the required battery charger 
OPERABILITY is made by monitoring the battery terminal voltage.  If the 
terminal voltage is found to be less than the minimum established float 
voltage there are two possibilities, the battery charger is inoperable or is 
operating in the current limit mode.  Condition A addresses charger 
inoperability.  If the charger is operating in the current limit mode after 
2 hours that is an indication that the battery has been substantially 
discharged and likely cannot perform its required design functions.  The 
time to return the battery to its fully charged condition in this case is a 
function of the battery charger capacity, the amount of loads on the 
associated DC system, the amount of the previous discharge, and the 
recharge characteristic of the battery.  The charge time can be extensive, 
and there is not adequate assurance that it can be recharged within 
[12] hours (Required Action B.2).  The battery must therefore be declared 
inoperable. 
 
If the float voltage is found to be satisfactory but there are one or more 
battery cells with float voltage less than [2.07] V, the associated "OR" 
statement in Condition F is applicable and the battery must be declared 
inoperable immediately.  If float voltage is satisfactory and there are no 
cells less than [2.07] V there is good assurance that, within [12] hours, the 
battery will be restored to its fully charged condition (Required Action B.2) 
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from any discharge that might have occurred due to a temporary loss of 
the battery charger.   

 
-----------------------------------REVIEWER’S NOTE----------------------------------- 
A plant that cannot meet the 12 hour Completion Time due to an inherent 
battery charging characteristic can propose an alternate time equal to 
2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test 
(SR 3.8.4.3). 
-------------------------------------------------------------------------------------------------- 
A discharged battery with float voltage (the charger setpoint) across its 
terminals indicates that the battery is on the exponential charging current 
portion (the second part) of its recharge cycle.  The time to return a 
battery to its fully charged state under this condition is simply a function of 
the amount of the previous discharge and the recharge characteristic of 
the battery.  Thus there is good assurance of fully recharging the battery 
within [12] hours, avoiding a premature shutdown with its own attendant 
risk. 
 
If the condition is due to one or more cells in a low voltage condition but 
still greater than [2.07] V and float voltage is found to be satisfactory, this 
is not indication of a substantially discharged battery and [12] hours is a 
reasonable time prior to declaring the battery inoperable. 
 
Since Required Action B.1 only specifies "perform," a failure of SR 3.8.4.1 
acceptance criteria does not result in the Required Action not met.  
However, if SR 3.8.4.1 is failed, the appropriate Condition(s), depending 
on the cause of the failure, is entered. 
 
C.1, C.2, and C.3 
 
With one or more batteries in one subsystem with one or more cells 
electrolyte level above the top of the plates, but below the minimum 
established design limits, the battery still retains sufficient capacity to 
perform the intended function.  Therefore, the affected battery is not 
required to be considered inoperable solely as a result of electrolyte level 
not met.  Within 31 days the minimum established design limits for 
electrolyte level must be re-established. 
 
With electrolyte level below the top of the plates there is a potential for 
dryout and plate degradation.  Required Actions C.1 and C.2 address this 
potential (as well as provisions in Specification 5.5.14, Battery Monitoring 
and Maintenance Program).  They are modified by a Note that indicates 
they are only applicable if electrolyte level is below the top of the plates.  
Within 8 hours level is required to be restored to above the top of the 
plates.  The Required Action C.2 requirement to verify that there is no 
leakage by visual inspection and the Specification 5.5.14.b item to initiate 
action to equalize and test in accordance with manufacturer's 
recommendation.  They are performed following the restoration of the 
electrolyte level to above the top of the plates.  Based on the results of 
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the manufacturer's recommended testing the batter[y][ies] may have to be 
declared inoperable and the affected cell[s] replaced. 
 
D.1 
 
With one or more batteries in one subsystem with pilot cell temperature 
less than the minimum established design limits, 12 hours is allowed to 
restore the temperature to within limits.  A low electrolyte temperature 
limits the current and power available.  Since the battery is sized with 
margin, while battery capacity is degraded, sufficient capacity exists to 
perform the intended function and the affected battery is not required to 
be considered inoperable solely as a result of the pilot cell temperature 
not met. 
 
E.1 
 
With one or more batteries in redundant subsystem s with battery 
parameters not within limits there is not sufficient assurance that battery 
capacity has not been affected to the degree that the batteries can still 
perform their required function, given that redundant batteries are 
involved.  With redundant batteries involved this potential could result in a 
total loss of function on multiple systems that rely upon the batteries.  The 
longer Completion Times specified for battery parameters on non-
redundant batteries not within limits are therefore not appropriate, and the 
parameters must be restored to within limits on at least one subsystem 
within 2 hours. 
 

 A.1, A.2, and A.3 
 

With parameters of one or more cells in one or more batteries not within 
limits (i.e., Category A limits not met, Category B limits not met, or 
Category A and B limits not met) but within the Category C limits specified 
in Table 3.8.6-1, the battery is degraded but there is still sufficient 
capacity to perform the intended function. Therefore, the affected battery 
is not required to be considered inoperable solely as a result of Category 
A or B limits not met, and continued operation is permitted for a limited 
period.  

 
The pilot cell electrolyte level and float voltage are required to be verified 
to meet Category C limits within 1 hour (Required Action A.1).  This check 
provides a quick indication of the status of the remainder of the battery 
cells.  One hour provides time to inspect the electrolyte level and to 
confirm the float voltage of the pilot cell.  One hour is considered a 
reasonable amount of time to perform the required verification. 

 
Verification that the Category C limits are met (Required Action A.2) 
provides assurance that, during the time needed to restore the 
parameters to the Category A and B limits, the battery is still capable of 
performing its intended function.  A period of 24 hours is allowed to 
complete the initial verification because specific gravity measurements 
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must be obtained for each connected cell.  Taking into consideration both 
the time required to perform the required verification and the assurance 
that the battery cell parameters are not severely degraded, this time is 
considered reasonable.  The verification is repeated at 7 day intervals 
until the parameters are restored to Category A and B limits.  This 
periodic verification is consistent with the normal Frequency of pilot cell 
Surveillances. 
 
Continued operation is only permitted for 31 days before battery cell 
parameters must be restored to within Category A and B limits.  Taking 
into consideration that while battery capacity is degraded, sufficient 
capacity exists to perform the intended function and to allow time to fully 
restore the battery cell parameters to normal limits, this time is acceptable 
for operation prior to declaring the DC batteries inoperable. 
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BASES 
 
ACTIONS  (continued) 

 
FB.1  

 
When any battery parameter is outside the allowances of the Required 
Actions for Condition A, B, C, D, or ECategory C limit for any connected 
cell, sufficient capacity to supply the maximum expected load requirement 
is not assured and the corresponding battery DC electrical power 
subsystem must be declared inoperable.  Additionally, discovering one or 
more batteries in one subsystem with one or more battery cells float 
voltage less than [2.07] V and float current greater than [2] amps 
indicates that the battery capacity may not be sufficient to perform the 
intended functions.  The battery must therefore be declared inoperable 
immediately. other potentially extreme conditions, such as not completing 
the Required Actions of Condition A within the required Completion Time 
or average electrolyte temperature of representative cells falling below 
60EF, also are cause for immediately declaring the associated DC 
electrical power subsystem inoperable. 

 
SURVEILLANCE SR  3.8.6.1 
REQUIREMENTS 

Verifying battery float current while on float charge is used to determine 
the state of charge of the battery.  Float charge is the condition in which 
the charger is supplying the continuous charge required to overcome the 
internal losses of a battery and maintain the battery in a charged state.  
The equipment used to monitor float current must have the necessary 
accuracy and capability to measure electrical currents in the expected 
range.  The float current requirements are based on the float current 
indicative of a charged battery.  The 7 day Frequency is consistent with 
IEEE-450 (Ref. 1). 
 
This SR is modified by a Note that states the float current requirement is 
not required to be met when battery terminal voltage is less than the 
minimum established float voltage of SR 3.8.4.1.  When this float voltage 
is not maintained the Required Actions of LCO 3.8.4 ACTION A are being 
taken, which provide the necessary and appropriate verifications of the 
battery condition.  Furthermore, the float current limit of [2] amps is 
established based on the nominal float voltage value and is not directly 
applicable when this voltage is not maintained. 
 
SR  3.8.6.2 and SR  3.8.6.5 
 
Optimal long term battery performance is obtained by maintaining a float 
voltage greater than or equal to the minimum established design limits 
provided by the battery manufacturer, which corresponds to [130.5] V at 
the battery terminals, or [2.25] Vpc.  This provides adequate over-
potential, which limits the formation of lead sulfate and self discharge, 
which could eventually render the battery inoperable.  Float voltages in 
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this range or less, but greater than [2.07] Vpc, are addressed in 
Specification 5.5.14.  SRs 3.8.6.2 and 3.8.6.5 require verification that the 
cell float voltages are equal to or greater than the short term absolute 
minimum voltage of [2.07] V.  The Frequency for cell voltage verification 
every 31 days for pilot cell and 92 days for each connected cell is 
consistent with IEEE-450 (Ref. 1). 
 
SR  3.8.6.3 
 
The limit specified for electrolyte level ensures that the plates suffer no 
physical damage and maintains adequate electron transfer capability.  
The minimum design electrolyte level is the minimum level indication 
mark on the battery cell jar.  The Frequency is consistent with IEEE-450 
(Ref. 1). 
 
SR  3.8.6.4 
 
This Surveillance verifies that the pilot cell temperature is greater than or 
equal to the minimum established design limit (i.e., [40]°F).  Pilot cell 
electrolyte temperature is maintained above this temperature to assure 
the battery can provided the required current and voltage to meet the 
design requirements.  Temperatures lower than assumed in battery sizing 
calculations act to inhibit or reduce battery capacity.  The Frequency is 
consistent with IEEE-450 (Ref. 1). 
 
SR  3.8.6.6 
 
A battery performance discharge test is a test of constant current capacity 
of a battery, normally done in the as found condition, after having been in 
service, to detect any change in the capacity determined by the 
acceptance test.  The test is intended to determine overall battery 
degradation due to age and usage. 
 
Either the battery performance discharge test or the modified 
performance discharge test is acceptable for satisfying SR 3.8.6.6; 
however, only the modified performance discharge test may be used to 
satisfy the battery service test requirements of SR 3.8.4.3. 
 
A modified discharge test is a test of the battery capacity and its ability to 
provide a high rate, short duration load (usually the highest rate of the 
duty cycle).  This will often confirm the battery's ability to meet the critical 
period of the load duty cycle, in addition to determining its percentage of 
rated capacity.  Initial conditions for the modified performance discharge 
test should be identical to those specified for a service test. 
 
It may consist of just two rates; for instance, the one minute rate for the 
battery or the largest current load of the duty cycle, followed by the test 
rate employed for the performance test, both of which envelope the duty 
cycle of the service test.  Since the ampere-hours removed by a one 
minute discharge represents a very small portion of the battery capacity, 
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the test rate can be changed to that for the performance test without 
compromising the results of the performance discharge test.  The battery 
terminal voltage for the modified performance discharge test must remain 
above the minimum battery terminal voltage specified in the battery 
service test for the duration of time equal to that of the service test. 
 
The acceptance criteria for this Surveillance are consistent with IEEE-450 
(Ref. 1) and IEEE-485 (Ref. 5).  These references recommend that the 
battery be replaced if its capacity is below 80% of the manufacturer's 
rating.  A capacity of 80% shows that the battery rate of deterioration is 
increasing, even if there is ample capacity to meet the load requirements.  
Furthermore, the battery is sized to meet the assumed duty cycle loads 
when the battery design capacity reaches this [80]% limit. 
 
The Frequency for this test is normally 60 months.  If the battery shows 
degradation, or if the battery has reached 85% of its expected life and 
capacity is < 100% of the manufacturer's rating, the Surveillance 
Frequency is reduced to 12 months.  However, if the battery shows no 
degradation but has reached 85% of its expected life, the Surveillance 
Frequency is only reduced to 24 months for batteries that retain capacity 
≥ 100% of the manufacturer's rating.  Degradation is indicated, according 
to IEEE-450 (Ref. 1), when the battery capacity drops by more than 10% 
relative to its capacity on the previous performance test or when it is 10% 
below the manufacturer's rating.  All these Frequencies are consistent 
with the recommendations in IEEE-450 (Ref. 1). 
 
This SR is modified by a Note.  The reason for the Note is that performing 
the Surveillance would remove a required DC electrical power subsystem 
from service, perturb the electrical distribution system, and challenge 
safety systems. 
 
The SR verifies that Category A battery cell parameters are consistent 
with IEEE-450 (Ref. 3), which recommends regular battery inspections (at 
least one per month) including voltage, specific gravity, and electrolyte 
temperature of pilot cells. 
 
 
SR  3.8.6.2 

 
The quarterly inspection of specific gravity and voltage is consistent with 
IEEE-450 (Ref. 3).  In addition, within 24 hours of a battery discharge 
< [110] V or a battery overcharge > [150] V, the battery must be 
demonstrated to meet Category B limits.  Transients, such as motor 
starting transients, which may momentarily cause battery voltage to drop 
to ≤ [110] V, do not constitute a battery discharge provided the battery 
terminal voltage and float current return to pre-transient values.  This 
inspection is also consistent with IEEE-450 (Ref. 3), which recommends 
special inspections following a severe discharge or overcharge, to ensure 
that no significant degradation of the battery occurs as a consequence of 
such discharge or overcharge. 
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SR  3.8.6.3 
 
This Surveillance verification that the average temperature of 
representative cells is ≥ 60EF is consistent with a recommendation of 
IEEE-450 (Ref. 3), which states that the temperature of electrolytes in 
representative cells should be determined on a quarterly basis. 

 
Lower than normal temperatures act to inhibit or reduce battery capacity.  
This SR ensures that the operating temperatures remain within an 
acceptable operating range.  This limit is based on manufacturer's 
recommendations. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Table 3.8.6-1 

 
This table delineates the limits on electrolyte level, float voltage, and 
specific gravity for three different categories.  The meaning of each 
category is discussed below. 

 
Category A defines the normal parameter limit for each designated pilot 
cell in each battery.  The cells selected as pilot cells are those whose 
temperature, voltage, and electrolyte specific gravity approximate the 
state of charge of the entire battery. 

 
The Category A limits specified for electrolyte level are based on 
manufacturer's recommendations and are consistent with the guidance in 
IEEE-450 (Ref. 3), with the extra ¼ inch allowance above the high water 
level indication for operating margin to account for temperatures and 
charge effects.  In addition to this allowance, footnote a to Table 3.8.6-1 
permits the electrolyte level to be above the specified maximum level 
during equalizing charge, provided it is not overflowing.  These limits 
ensure that the plates suffer no physical damage, and that adequate 
electron transfer capability is maintained in the event of transient 
conditions.  IEEE-450 (Ref. 3) recommends that electrolyte 
level readings should be made only after the battery has been at float 
charge for at least 72 hours. 

 
The Category A limit specified for float voltage is ≥ 2.13 V per cell.  This 
value is based on the recommendation of IEEE-450 (Ref. 3), which states 
that prolonged operation of cells below 2.13 V can reduce the life 
expectancy of cells. 

 
The Category A limit specified for specific gravity for each pilot cell is 
≥ 1.195 (0.015 below the manufacturer's fully charged nominal specific 
gravity or a battery charging current that had stabilized at a low value).  
This value is characteristic of a charged cell with adequate capacity.  
According to IEEE-450 (Ref. 3), the specific gravity readings are based 
on a temperature of 77°F (25°C). 

 
The specific gravity readings are corrected for actual electrolyte 
temperature and level.  For each 3�F (1.67°C) above 77°F (25°C), 
1 point (0.001) is added to the reading; 1 point is subtracted for each 3°F 
below 77°F.  The specific gravity of the electrolyte in a cell increases with 
a loss of water due to electrolysis or evaporation.  Level correction will be 
in accordance with manufacturer's recommendations.   
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 

 
Category B defines the normal parameter limits for each connected cell.  
The term "connected cell" excludes any battery cell that may be jumpered 
out. 

 
The Category B limits specified for electrolyte level and float voltage are 
the same as those specified for Category A and have been discussed 
above.  The Category B limit specified for specific gravity for each 
connected cell is ≥ 1.190 (0.020 below the manufacturer's fully charged, 
nominal specific gravity) with the average of all connected cells > 1.200 
(0.010 below the manufacturer's fully charged, nominal specific gravity).  
These values are based on manufacturer's recommendations.  The 
minimum specific gravity value required for each cell ensures that the 
effects of a highly charged or newly installed cell do not mask overall 
degradation of the battery. 
 
Category C defines the limit for each connected cell.  These values, 
although reduced, provide assurance that sufficient capacity exists to 
perform the intended function and maintain a margin of safety.  When any 
battery parameter is outside the Category C limit, the assurance of 
sufficient capacity described above no longer exists, and the battery must 
be declared inoperable. 

 
The Category C limit specified for electrolyte level (above the top of the 
plates and not overflowing) ensures that the plates suffer no physical 
damage and maintain adequate electron transfer capability.  The 
Category C Allowable Value for float voltage is based on IEEE-450 
(Ref. 3), which states that a cell voltage of 2.07 V or below, under float 
conditions and not caused by elevated temperature of the cell, indicates 
internal cell problems and may require cell replacement. 

 
The Category C limit of average specific gravity (≥ [1.190]), is based on 
manufacturer's recommendations (0.020 below the manufacturer's 
recommended fully charged, nominal specific gravity).  In addition to that 
limit, it is required that the specific gravity for each connected cell must be 
no less than 0.020 below the average of all connected cells.  This limit 
ensures that the effect of a highly charged or new cell does not mask 
overall degradation of the battery.   

 
The footnotes to Table 3.8.6-1 that apply to specific gravity are applicable 
to Category A, B, and C specific gravity.  Footnote (b) in Table 3.8.6-1 
requires the above mentioned correction for electrolyte level and 
temperature, with the exception that level correction is not required when 
battery charging current is < 2 amps on float charge.  This current 
provides, in general, an indication of overall battery condition. 
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BASES 
 
SURVEILLANCE REQUIREMENTS  (continued) 
 

Because of specific gravity gradients that are produced during the 
recharging process, delays of several days may occur while waiting for 
the specific gravity to stabilize.  A stabilized charger current is an 
acceptable alternative to specific gravity measurement for determining the 
state of charge.  This phenomenon is discussed in IEEE-450 (Ref. 3).  
Footnote (c) to Table 3.8.6-1 allows the float charge current to be used as 
an alternate to specific gravity for up to 7 days following a battery 
recharge.  Within [7] days each connected cell's specific gravity must be 
measured to confirm the state of charge.  Following a minor battery 
recharge (such as equalizing charge that does not follow a deep 
discharge) specific gravity gradients are not significant, and confirming 
measurements may be made in less than [7] days. 
 

 [Reviewer's Note:  The value of [2] amps used in footnote (b) and (c) is 
the nominal value for float current established by the battery vendor as 
representing a fully charged battery with an allowance for overall battery 
condition.] 

 
REFERENCES 1. IEEE-450. 
 
 2. FSAR, Chapter [8]. 
 
 31. FSAR, Chapter [6]. 
 
 42. FSAR, Chapter [15]. 
 
 3. IEEE Standard 450, 1987. 
 
 5. IEEE Standard 485, 1983. 
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Proposed Model Application for the CLIIP Notice for Comment for TSTF-500,  
"DC Electrical Rewrite - Update to TSTF-360" 

[DATE] 
 
 
 
U. S. Nuclear Regular Commission 
Document Control Desk 
Washington, DC  20555  
 
 
 
 
SUBJECT: PLANT NAME 
DOCKET NO.  50-[xxx] 

APPLICATION TO REVISE TECHNICAL SPECIFICATIONS 
REGARDING D C ELECTRICAL SYSTEMS TSTF-500, REVISION 1, 
"DC ELECTRICAL REWRITE – UPDATE TO TSTF-360," USING THE 
CONSOLIDATED LINE ITEM IMPROVEMENT PROCESS 

 
 
Dear Sir or Madam: 
 
In accordance with the provisions of 10 CFR 50.90, [LICENSEE] is submitting a request for an 
amendment to the technical specifications (TS) for [PLANT NAME, UNIT NOS.]. 
 
The proposed amendment would modify TS requirements related to direct current (DC) electrical 
systems in accordance with TSTF-500, Revision 1, "DC Electrical Rewrite - Update to 
TSTF-360." 
 
Attachment 1 provides a description and assessment of the proposed changes, the requested 
confirmation of applicability, and plant-specific verifications.  Attachment 2 provides the 
existing TS pages marked up to show the proposed changes. [Attachment 3 provides revised 
(clean) TS pages.] [Attachment [4] provides a summary of the regulatory commitments made in 
this submittal.] Attachment [5] provides existing TS Bases pages marked up to show the 
proposed changes. 
 
[LICENSEE] requests approval of the proposed license amendment by [DATE], with the 
amendment being implemented [BY DATE OR WITHIN X DAYS]. 
 
In accordance with 10 CFR 50.91, a copy of this application, with attachments, is being provided 
to the designated [STATE] Official. 
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[In accordance with 10 CFR 50.30(b), a license amendment request must be executed in a signed 
original under oath or affirmation. This can be accomplished by attaching a notarized affidavit 
confirming the signature authority of the signatory, or by including the following statement in 
the cover letter: "I declare under penalty of perjury that the foregoing is true and correct. 
Executed on (date)." The alternative statement is pursuant to 28 USC 1746. It does not require 
notarization.] 
 
If you should have any questions regarding this submittal, please contact [NAME, TELEPHONE 
NUMBER]. 
 

Sincerely, 
 
 
 
 
[Name, Title] 

 
Attachments:  1. Description and Assessment 
 2. Proposed Technical Specification Changes (Mark-Up) 
 [3. Revised Technical Specification Pages] 
 [4]. Regulatory Commitments 
 [5]. Proposed Technical Specification Bases Changes (Mark-Up) 
 
Enclosures: 1. Letters from Battery Manufacturers Verifying the Acceptability of Using 

Float Current Monitoring 
 [2. Evaluation of an Extended Completion Time for Specification[s] [3.8.4, 

Required Action A.3 and 3.8.5, Required Action A.3] 
 [3. Evaluation of an Extended Completion Time for Specification[s] [3.8.4, 

Required Actions B.1 and C.1] 
 
 
cc: NRC Project Manager 

NRC Regional Office 
NRC Resident Inspector 
State Contact 
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ATTACHMENT 1 - DESCRIPTION AND ASSESSMENT 
 
1.0 DESCRIPTION 
 
The proposed amendment would modify technical specification (TS) requirements related to 
direct current (DC) electrical systems in LCO 3.8.[4], ["DC Sources - Operating,"] LCO 
3.8.[5], ["DC Sources - Shutdown,"] and LCO 3.8.[6], ["Battery Parameters."]  A new 
"Battery Monitoring and Maintenance Program" is being proposed for Section 5.5 
["Administrative Controls - Programs and Manuals."] 
 
The changes are consistent with Nuclear Regulatory Commission (NRC) approved 
Industry/Technical Specification Task Force (TSTF) change TSTF-500, Revision 1.  The 
availability of this TS improvement was published in the Federal Register on [DATE] as part 
of the consolidated line item improvement process (CLIIP). 
 
2.0 ASSESSMENT 
 
2.1 Applicability of Published Safety Evaluation 
 
[LICENSEE] has reviewed the model safety evaluation dated [DATE] as part of the CLIIP 
Federal Register Notice for Comment.  This review included a review of the NRC staff’s 
evaluation, as well as the supporting information provided to support TSTF-500. [As 
described in the subsequent paragraphs, ][LICENSEE] has concluded that the justifications 
presented in the TSTF-500 proposal and the model safety evaluation prepared by the NRC 
staff are applicable to [PLANT, UNIT NOS.] and justify this amendment for the 
incorporation of the changes to the [PLANT] TS. 
 
[The [PLANT] TS utilize different [numbering][and][titles] than the Standard Technical 
Specifications on which TSTF-500 was based.  Specifically, [describe differences between 
the plant-specific TS numbering and/or titles (including Required Actions and Surveillances) 
and the TSTF-500 numbering and titles.]  [In addition, TSTF-500 deletes certain 
Surveillances and renumbers the subsequent Surveillances.  [LICENSEE] has chosen to 
retain the deleted Surveillance numbers, mark them "Deleted," and to not renumber the 
subsequent Surveillances.  These differences are administrative and do not affect the 
applicability of TSTF-500 to the [PLANT] TS.] 
 
[The [PLANT] DC system design differs from the design assumed for the standard plant 
described in the Standard Technical Specifications Bases and TSTF-500.  [Describe 
significant differences between the plant-specific DC system design and the reference design 
described in the STS Bases.  For each difference, justify why the published Safety Evaluation 
continues to be applicable to the plant-specific design.] 
 
[The [PLANT] Technical Specifications differ from the Standard Technical Specifications 
which were the basis for TSTF-500.  [Describe any non-administrative differences between 
the changes proposed in the plant-specific amendment and changes proposed in TSTF-500, 
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such as Required Actions or Surveillances that are affected by TSTF-500 that do not exist in 
the plant-specific TS or features in the plant-specific TS that are affected by the proposed 
amendment that do not appear in the TSTF-500.  For each difference, justify why the 
published safety evaluation continues to be applicable to the plant-specific amendment.]  
 
2.2 Verifications and Regulatory Commitments 
 
As described in Section 4.7.1, "Verifications," in TSTF-500, [LICENSEE] provides the 
following verifications. 
 
1. In Enclosure 1, [LICENSEE] has provided letter(s) from the manufactures of the batteries 

used at [PLANT] verifying the acceptability of using float current monitoring instead of 
specific gravity monitoring as a reliable and accurate indication of the state-of-charge of 
the battery and that this will hold true over the life of the battery. 

 
2. [LICENSEE] verifies that battery room temperature is routinely monitored such that a 

room temperature excursion could reasonably expect to be detected and corrected prior to 
the average battery electrolyte temperature dropping below the minimum electrolyte 
temperature. 

 
3. [LICENSEE] verifies that the equipment that will be used to monitor float current under 

SR [3.8.6.1] will have the necessary accuracy and capability to measure electrical 
currents in the expected range. 

 
4. [LICENSEE] verifies that there is an appropriate basis for the relocated cell connection 

resistance limit ([150] μOhm or a revised monitoring value) which are relocated to the 
Battery Monitoring and Maintenance Program.  [Provide a brief description of the basis 
for the cell connection resistance limit based on the vendor specification of inter-cell 
resistance, voltage drop at the connection, or overall battery resistance.] 

 
5. [LICENSEE] is proposing to delete the [SR 3.8.4.7 (now SR 3.8.4.3)] Note "once per 60 

months" restriction on performing the modified performance discharge test instead of the 
service test.  [LICENSEE] has confirmed that the modified performance discharge test 
completely encompasses the load profile of the battery service test and that it adequately 
confirms the intent of the service test to verify the battery capacity to supply the design 
basis load profile. 

 
As described in Section 4.7.2, "Commitments," in TSTF-500, [LICENSEE] makes the 
following regulatory commitments. 
 
1. [LICENSEE] commits to include in a licensee-controlled program that is controlled 

under 10 CFR 50.59 a requirement to maintain a [5] percent design margin for the 
batteries which corresponds to a [2] amp float current value that is an indication that the 
battery is [95] percent charged. 
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2. [LICENSEE] commits that the licensee-controlled program, required and described in TS 
Section 5.5, "Programs and Manuals," and titled the "Battery Monitoring and 
Maintenance Program," will require verification of the selection of the pilot cell or cells 
when performing SR 3.8.6.5.  

 
[3. [LICENSEE] commits to a licensee-controlled program that will require the availability 

of a means to charge the batteries that is capable of being supplied power from a power 
source that is independent of the offsite power supply.]  (Applicable to plants which use 
this justification for an extended Completion Time for Specification[s] [3.8.4, Required 
Actions A.3 and/or B.1, and 3.8.5, Required Action A.3]).]   

 
 
2.3 Optional Changes and Variations 
 
[LICENSEE is not proposing any variations or deviations from the TS changes described in 
the TSTF-500, Revision 1, or the applicable parts of the NRC staff’s model safety evaluation 
dated [DATE].]  [LICENSEE is proposing the following variations from the TS changes 
described in the TSTF-500, Revision 1, or the applicable parts of the NRC staff’s model 
safety evaluation dated [DATE].  These options were recognized as acceptable variations in 
TSTF-500 and the NRC staff's model safety evaluation.] 
 
[[Specification [3.8.4], Required Action A.2, applies when one [or two] battery charger[s] on 
one train [being changed to subsystem] are inoperable.  The Required Actions return the 
battery to the fully charged state and restore a fully qualified battery charger to Operable 
status in a reasonable time period.  Required Action A.2 states that the battery float current 
must be verified to be ≤ [2] amps once per [12] hours.  Consistent with the Reviewer's Note 
in the Bases, [LICENSEE] has determined that [PLANT] cannot meet the 12 hour 
Completion Time proposed in TSTF-500 due to an inherent battery charging characteristic.  
[Describe the inherent battery charging characteristics that prevents charging within 12 
hours].  [LICENSEE] proposes a Completion Time for Required Action A.2 of [XX] hours, 
which is equal to 2 hours plus the time experienced to accomplish the exponential charging 
current portion of the battery charge profile following the service test.] 
 
[[LICENSEE] is proposing a Completion Time longer than 72 hours for Specification[s] 
[3.8.4, Required Action A.3, and 3.8.5, Required Action A.3].  As described in TSTF-500 
and the Bases Reviewer's Notes, an evaluation supporting the longer Completion Time is 
included as Enclosure 2.  The evaluation confirms the availability of a spare battery charger 
that is appropriately sized.  [This evaluation is performed in accordance with the guidance 
provided in Regulatory Guide (RG) 1.177, "An Approach for Plant-Specific, Risk-Informed 
Decisionmaking:  Technical Specifications," and RG 1.174, "An Approach for Using 
Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the 
Licensing Basis."] [The Completion Time is justified by a regulatory commitment that a 
means to charge the batteries will be available that is capable of being supplied power from a 
power source that is independent of the offsite power supply.  [Describe the power source.]] 
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[[LICENSEE] is proposing a Completion Time longer than 2 hours for Specification [3.8.4, 
Required Action B.1 and C.1].  As described in TSTF-500 and the Bases Reviewer's Notes, a 
risk evaluation supporting the longer Completion Time is included as Enclosure 3.  This 
evaluation is in accordance with the guidance provided in Regulatory Guide (RG) 1.177, "An 
Approach for Plant-Specific, Risk-Informed Decisionmaking:  Technical Specifications," and 
RG 1.174, "An Approach for Using Probabilistic Risk Assessment in Risk-Informed 
Decisions on Plant-Specific Changes to the Licensing Basis."] 
 
[LICENSEE] is proposing to adopt Specification [3.8.4], Condition B.  Condition B is 
included because Required Action B.1 (battery inoperable) and Required Action C.1 (DC 
electrical power subsystem inoperable) should have different Completion Times. [Describe 
why there should be different Completion Times.] 
 
3.0 REGULATORY ANALYSIS 
 
3.0 No Significant Hazards Consideration Determination 
 
[LICENSEE] has reviewed the proposed no significant hazards consideration determination 
(NSHCD) published in the Federal Register as part of the CLIIP.  [LICENSEE] has 
concluded that the proposed NSHCD presented in the Federal Register notice is applicable to 
[PLANT] and is hereby incorporated by reference to satisfy the requirements of 10 CFR 
50.91(a). 
 
4.0 ENVIRONMENTAL EVALUATION 
 
[LICENSEE] has reviewed the environmental evaluation included in the model safety 
evaluation dated [DATE] as part of the CLIIP. [LICENSEE] has concluded that the staff’s 
findings presented in that evaluation are applicable to [PLANT] and the evaluation is hereby 
incorporated by reference for this application. 
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ATTACHMENT 2 - PROPOSED TECHNICAL SPECIFICATION CHANGES 
(MARK-UP) 
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[ATTACHMENT 3 - REVISED TECHNICAL SPECIFICATION PAGES] 
 

 



Proposed Model Application for the CLIIP Notice for Comment for TSTF-500,  
"DC Electrical Rewrite - Update to TSTF-360" 

ATTACHMENT [4] - REGULATORY COMMITMENTS 
 
The following table identifies those actions committed to by [LICENSEE] in this document. 
Any other statements in this submittal are provided for information purposes and are not 
considered to be regulatory commitments. Please direct questions regarding these 
commitments to [CONTACT NAME]. 
 

REGULATORY COMMITMENTS DUE DATE / 
EVENT 

[LICENSEE] commits to include in a licensee-controlled program that 
is controlled under 10 CFR 50.59 a requirement to maintain a [5] 
percent design margin for the batteries which corresponds to a [2] amp 
float current value that is an indication that the battery is [95] percent 
charged. 
 

Upon 
implementation 
of the approved 
TS amendment 

[LICENSEE] commits that the licensee-controlled program, required 
and described in TS Section 5.5, "Programs and Manuals," and titled 
the "Battery Monitoring and Maintenance Program," will require 
verification of the selection of the pilot cell or cells when performing 
SR 3.8.6.5. 
 

Upon 
implementation 
of the approved 
TS amendment 

[ [LICENSEE] commits to a licensee-controlled program that will 
require the availability of a means to charge the batteries that is capable 
of being supplied power from a power source that is independent of the 
offsite power supply.]  (Applicable to plants which use this 
justification for an extended Completion Time for Specification[s] 
[3.8.4, Required Action(s) A.3 and/or B.1, and 3.8.5, Required Action 
A.3]). ] 
 

Upon 
implementation 
of the approved 
TS amendment 

[LICENSEE] commits to implement Technical Bases changes 
consistent with the Bases in TSTF-500 in accordance with the 
Technical Specifications Bases Control Program. 
  

Upon 
implementation 
of the approved 
TS amendment 
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ATTACHMENT [5] - PROPOSED CHANGES TO TECHNICAL SPECIFICATION 
BASES CHANGES (MARK-UP)PAGES 

 



Proposed Model Application for the CLIIP Notice for Comment for TSTF-500,  
"DC Electrical Rewrite - Update to TSTF-360" 

ENCLOSURE 1 - LETTER(S) FROM BATTERY MANUFACTURERS VERIFYING 
THE ACCEPTABILITY OF USING FLOAT CURRENT MONITORING 
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[ENCLOSURE 2 - EVALUATION OF AN EXTENDED COMPLETION TIME FOR 
SPECIFICATION[S] [3.8.4, REQUIRED ACTION A.3 AND 3.8.5, REQUIRED 

ACTION A.3] 
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[ENCLOSURE 3 - EVALUATION OF AN EXTENDED COMPLETION TIME FOR 
SPECIFICATION[S] [3.8.4, REQUIRED ACTIONS B.1 AND C.1] 
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