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B 3.8.6  Battery Cell Parameters 
 
 
BASES 

 
BACKGROUND This LCO delineates the limits on electrolyte temperature, level, 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." 

 

 
APPLICABLE The initial conditions of Design Basis Accident (DBA) and transient  
SAFETY ANALYSES analyses in the UFSAR, Chapter 6 (Ref. 1) and Chapter 15 (Ref. 2), 

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 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 10 CFR 50.36 (Ref. 3). 

 

 
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 limits are conservatively established, 
allowing continued DC electrical system function even with Category A 
and B limits not met. 

 

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

associated DC electrical power subsystems.  Therefore, battery 
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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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. 

 
 

B.1 
 

With one or more batteries with one or more battery cell parameters 
outside the Category C limit for any connected cell, sufficient capacity to 
supply the maximum expected load requirement is not assured and the 
corresponding DC electrical power subsystem must be declared 
inoperable.  Additionally, other potentially extreme conditions, such as not  
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ACTIONS  (continued) 
 
 completing the Required Actions of Condition A within the required 

Completion Time or average electrolyte temperature of 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 

This SR verifies that Category A battery cell parameters are consistent 
with IEEE-450 (Ref. 4), which recommends regular battery inspections  
including voltage, specific gravity, and electrolyte temperature of pilot 
cells.  The Surveillance Frequency is based on operating experience, 
equipment reliability, and plant risk and is controlled under the 
Surveillance Frequency Control Program. 

 
 

SR  3.8.6.2 
 

The Surveillance Frequency is based on operating experience, equipment 
reliability, and plant risk and is controlled under the Surveillance 
Frequency Control Program.  In addition, within 7 days 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. 4), 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 
 

The Surveillance Frequency is based on operating experience, equipment 
reliability, and plant risk and is controlled under the Surveillance 
Frequency Control Program. 
 
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. 

 
The term "representative cells" replaces the fixed number of "six 
connected cells", consistent with the recommendations of IEEE-450 (Ref. 
4) to provide a general guidance to the number of cells adequate to  
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SURVEILLANCE REQUIREMENTS  (continued) 
 
monitor the temperature of the battery cells as an indicator of satisfactory 
performance.  For some cases, the number of cells may be less than six, 
in other conditions, the number may be more. 

 
 

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. 4), with the extra 1/4 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. 4) 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. 4), 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. 4), the specific gravity readings are based 

on a temperature of 77°F (25°C). 
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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. 4), 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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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. 4).  
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. 

 
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.  
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