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10.
Storage Batteries
See CenturyLink Technical Publication 77385, “Power Equipment and Engineering Standards.”

10.1     Cautions
10.1.1 Battery gases, which are present during a charge or which remain near the cell at the completion of a charge, can exist in sufficient concentration to explode. The Service Supplier shall ensure that sufficient ventilation is provided. The Service Supplier shall post, in a conspicuous location(s) near the batteries, one or more warning signs, lettered in large vermilion/red characters as follows:

***WARNING*** Battery gases are explosive.
No sparks or open flame near cells.
10.1.2 Flame arrestors shall be in place at all times except for as stated in 10.1.7. All flame arrestors shall be equipped with dust covers and remain in place at all times. If they are removed to allow access to the electrolyte, they must be replaced upon completion of the work operation.  Cells equipped with thermometers shall have the dust cover drilled to accommodate the installation of the thermometer.

10.1.3 Prior to working on a battery cell, discharge static from yourself and any object before touching the cell. Static can be discharged by touching a grounded surface.

10.1.4 After the end of initial or boost charge, the battery must be on float or open circuit for more than 48 hours before any cell connections can be made. The same applies to work near the cells, (other than voltage readings) and to the use of open flames near the cells (which are never allowed).

10.1.5 For personal protection and protection of clothing, use chemical safety goggles, rubber gloves, coveralls and/or aprons as required.
10.1.6 Do not lift cells by means of intercell connectors or cell posts.

10.1.7 Flooded batteries shall not be sealed air tight for transportation or for any other reason, the manufacturer’s shipping caps/detail should be used to allow gas buildup to escape.

10.2
General Requirements and Procedures
Note:  Manufacturer’s requirements and procedures shall be followed for all installations of batteries.

NOTE: An authorized CenturyLink representative shall be present during the following, or the installation cannot proceed:
1)  Delivery of flooded cells to the site.

2)  Start and end of initial charging. 
3)  Connecting or disconnecting string(s) at the bus bar(s).
4)  Connecting or disconnecting cell(s) in string(s) that are connected to the plant.

10.2.1 The installer shall insure that the following items are on site and accessible prior to the start of any work involving batteries:

•
Goggles or Face Shields

•
Nitrile Rubber Gloves

•
Rubber Apron

•
Eye Wash Kit

•
Spill Cleanup Kit*

*The Service Supplier is required to furnish and use their spill kits.  See “Chapter 12”, “Central Office Equipment Removals and Installs; and the Proper Handling of Hazardous Materials” and/or the CenturyLink Environmental Manager in your area for required contents of spill kits.

10.2.2 When permanently installing new or reused batteries, cells from different manufacturers shall not be placed in the same string (with the exception that LCT-1680. cells may be used in place of discontinued TCC-1680 cells, and KS-spec cells of the same spec and list number may be used in the same string). Batteries of different manufacturers may, however, be placed in parallel; i.e., String A, String B, etc.

10.2.3 When replacing cells in a string, the replacing cells shall have the same

ampere-hour capacity   (with the exception of L-15 round cells which are allowed to be used with L-1 round cells even though the Ampere/Hour capacity is slightly different), the same number of plates, and shall be of the same technology.

10.2.4 Clean battery case with distilled or de-ionized water only.  Clean and neutralize battery posts using a mixture containing bicarbonate of sodium (one pound/gal. of distilled/deionized water).

10.2.5 Petroleum-based lubricants for moving batteries are prohibited.  The only approved product(s) are water-based lubricants or products specifically listed in the battery manufacturer’s manual.

10.2.6 Flooded Lead Acid cells may be tipped as much as 15 degrees, for periods not to exceed 20 minutes, in order to get through windows or past other obstructions, provided the vented shipping plugs are in place. All other cells containing electrolyte shall not be tipped to a point that their electrolyte leaks from cell.

10.2.7 All moving / installation within the CenturyLink building or sites shall be done by the installation service supplier company.

10.2.8 Distilled or de-ionized water shall be used to replenish the cells.

10.2.9 Battery Storage Report

10.2.9.1 Storage Battery Report, Form RG 47-0001 shall be maintained on each battery throughout the installation and charging phases for battery installations.

10.2.9.2 Completed battery report(s) shall be turned over to the CenturyLink representative at the completion of the job.  A copy of these records shall be left in the job packet and a copy retained with the battery string at the job site.  The Service Supplier and Design Engineer shall ensure that a representative of CenturyLink NROC (Power Maintenance Engineer) or COO (Power Technician) reviews the battery report.

10.2.10   Temperature Reference Cell(s) (TR)

10.2.10.1 One cell in each newly installed flooded string shall be chosen as the TR cell. It shall be the cell on the upper tier with the lowest voltage reading at the end of the initial charge.  It shall be recorded in the battery report forms. The TR cell shall not be a cell on the end of a battery string.

10.2.10.2 Remove shipping compound from all contact surfaces and apply a thin coating of non-oxidizing agent as specified by the manufacturer before installation.

10.2.10.3 Temperature variation across a battery string shall not exceed 5 degrees Fahrenheit.  Recommended temperature is 77 degrees Fahrenheit.  Facilities that fail to meet this standard need consideration in adjusting float voltage and calculation of battery reserve time.  Contact the Power Design Engineer or NROC Power Maintenance Engineer.

10.2.11   Inter-cell Connections

10.2.11.1 The rounded side of the stainless steel washers shall be placed against the surface of the lead-plated straps to prevent cut through of the lead plating.  See Chapter

7, “Connecting.”

10.2.11.2 Bolts on battery straps shall be installed (hex nuts positioned outward) to allow torque wrench access in meeting the battery manufacturer’s torque requirements. When these requirements are met, the Service Supplier shall mark these bolts as “torqued” by using a black indelible pen to make a mark across the nut and bolt.

10.2.11.3 Lead bolts shall not be used.

10.2.11.4 Inter-cell cables shall be of equal length and shall not extend into an aisle way in such a manner as to be subject to damage.

10.2.12 Inter-tier connections

10.2.12.1 Cables shall be routed so as not to place undo strain on battery posts. 180 degree sharp bends are not permitted.

10.2.12.2 Cables shall be of equal length.

10.2.12.3 Cables shall be secured to the battery stand at a minimum of one location.

10.3
Initial Battery Charge Procedures for Flooded Cells
Note:  The manufacturers’ requirements and procedures shall be followed for all charging of flooded cells.

10.3.1 An initial charge shall be given to all flooded lead-acid cells prior to turnover to CenturyLink (except for engine-start batteries).  Verify that shipping plugs are removed and flame arrestors and dust covers are in place before charging cells.

10.3.2 A portable battery charger and protective fuse box should be used for charging batteries.  In the event a portable charger is not available, then a job site rectifier

(if readily available) can be used.

10.3.3 The charge voltage maximum limit is between 2.38 and 2.50 volts per cell average; and the battery manufacturer’s charging rates, voltages, times, and limits should generally be used.

10.3.4 In order to ensure the proper battery charging, the charging device shall be at least 1/100th of the battery Ampere-hour rating.  Example: 4000 amp hour batteries would require a minimum of a 40 amp charger per string.

10.3.5 Immediately prior to the start of initial charge, measure the cell temperature of each cell and determine the total length of initial charge requirement by referring to the manufacturers' specification. If no manufacturer recommendation can be found, refer to the corresponding cell temperature column and time on open circuit column from

10.4 “Flooded Lead Acid Type Battery Charging”.

10.3.6 While on initial charge, the electrolyte level may rise above the maximum level line.  If it does, do not be alarmed. The electrolyte level in rectangular cells is preadjusted by the manufacturer to be between the level lines when the cells are floated between 2.17 and 2.22 volts per cell (or as determined by power plant configuration, as specified in the Appendix of CenturyLink Technical Publication 77385) but generally set an average of 2.20V per cell when possible).

Note:  High gravity UPS batteries and engine start batteries will float at higher average voltages per cell (use the manufacturer’s recommendation).

10.3.7 Do not remove any electrolyte from the battery cells. If the level rises in any cell to the point where overflow may occur, immediately contact CenturyLink technical support, the CenturyLink engineer or authorized CenturyLink local representatives for further instructions.

10.3.8 Battery manufacturers perform an initial forming charge at the factory before shipping flooded batteries (this is not the same as the full initial charge done upon installation – which is still required). The results of this initial charge are used to provide a “voltage match” which insures uniformity of individual cell voltages across an installed string.  Upon shipment, a manufacturer color code is used to designate the cells and their boxes.  Normally, all 24 cells within a string should have the same color (this is not always possible for single cell replacements). If the manufacturer ships different colors within a set of 24, they should be contacted about the issue to determine whether new cells are needed, or if the string can be installed with different color codes.  Any responses from the Manufacturer shall be listed in the Job Log (RG 41-

0046).

Note: If a manufacturer does not provide a color code (one manufacturer currently does not), it can be assumed that the cell voltage matching requirement is met.

10.4     Flooded Lead Acid Type Battery Charging
Note:  The manufacturers' requirements and procedures shall take precedence over this table.

Total Hours of Charge at 2.38 - 2.50  Volts per Cell

	Time on Open Circuit
Less than or equal to four months
Greater than four months and less than or equal to six months
	81°F and Above
100 Hours
150 Hours
	65°-80°F
150 Hours
200 Hours
	64°F and Less
200 Hours
250 Hours


10.4.1 The time on open circuit is to be determined from the “charge by” date on the shipping container.  The “charge by” date is that date when battery has been on open circuit for six months. The Service Supplier shall notify the Design Engineer if this time period has been exceeded.

10.4.2 Cell temperature is measured at the open circuit voltage before initial charging begins.

10.4.3 Total charging time shall not exceed 250 hours. The Service Supplier shall notify the Design Engineer if this time period has been exceeded.

10.4.4  Battery Charging Procedure: Upon Receipt of Batteries:

1.   Obtain correct Battery Record Form (RG 47-0001).

2.   Record Serial Number of each cell.
3.   Record open cell voltage of each cell.

4.   Record physical condition of each cell. At the Start of Initial Charge:

1.   Charging will begin after the first cell reaches -2.38 volts without any cell exceeding -

2.50 volts. The output of the charger shall not exceed -60 volts.
2.   During normal work days, record the voltage of each cell on Form RG 47-0001.
3.   Charge the battery string for 100 – 250 hours.
At the Completion of Initial Charge:

1.   The battery string voltage shall be between -57.12 and -60 volts (for a nominal -48V

plant) or 28.56 to 30 Volts (for a nominal 24V plant).
2.   Reduce the charge to the “float voltage” (preferably -52.80V or 26.40 for nominal 48V and 24V plants using 1.215 specific gravity long duration cells) of the existing power plant.

3.   Wait 24 hours after reducing to float and recheck the average cell voltage (each nominal 1.215 specific gravity cell should measure between –2.14V and –2.27V per cell).

4.   Contact the Local Power or Central Office Technician for acceptance. Notes:
1.   Charge procedures recommended in manufacturer's literature may be used in place of these.

2.   Towards the end of initial charge (approximately 100 hours or more), individual cell readings for any single cell should remain constant for 3 successive hourly readings of that cell (that should be true of every cell).

10.5
Initial Charge and Turnover Requirements for Flooded Cells
10.5.1 Before stopping the initial charge, record the following:

•
Total hours of charge.

•
Presence or absence of crystals for each cell.

10.5.2 Cells/battery shall not be handled, other than voltage readings, during boost

/initial charge or for 48 hours thereafter.

10.5.3 After a satisfactory initial charge, there should be no lead-sulfate crystals or gray coloration present on the positive plates or straps when examined with a nonmetallic flashlight.  Normally only the positive strap will be accessible for examination.  In some arrangements the edges of the positive plates will also be visible.  The visible positive elements shall be black or dark brown and totally free of any diamond-like crystals or gray coloration. The disappearance of crystals normally occurs in three distinct phases:

•
Phase 1: Black and crystalline

•
Phase 2: Gray and lightly crystalline

•
Phase 3: Black or dark brown and crystal free

10.5.4 The disappearance of crystals or gray coloration occurs from top to bottom during initial charge.  To ensure total absence of crystals or gray coloration, inspection for crystals should be concentrated at the bottom of the positive plate vertical columns. Crystals can readily be seen on the positive plate.  Use a flashlight held close to the jar wall at an angle of approximately 45 degrees to inspect for crystals. The lead-sulfate crystals will appear as sparkling diamond-like reflecting particles or as a gray coloration on the normally black positive plates

10.5.5 Cells which are not free of crystals after the initial charge may be shorted. If some cells are still crystalline after initial charge, it is recommended that the battery string be continued on boost charge at -2.38 to -2.50 volts for a total charge time not to exceed 250 hours FOR BOTH CHARGES. If charging fails to clear the crystals within 250 hours,

the cells should be referred to the CenturyLink Power Design Engineer.

10.5.6 For cells shipped dry, follow the same requirements for the end of the initial charge as outlined above.

10.5.7 The float voltage for nominal 1.125 specific gravity cells shall be either -2.17 or -

2.20 Volts per cell average (in rare cases approved by the Power Maintenance Engineer, it can be set between those levels), depending on power plant configuration.  Some older nominal -48 VDC power plants cannot easily have the float voltage raised to -52.8

V due to HVSD settings and other considerations. Nominal -48 VDC or 24 VDC power plants that will not function with a float voltage of -2.20 volts per cell are generally configured at the traditional -2.17 volts per cell , but may be configured at a slightly higher average voltage if the plant will allow.

10.5.8 Specific Gravity = 1.215 ±0.010 (high gravity UPS and engine-start batteries will have gravities such as 1.250, 1.280, 1.30, etc .

10.5.9 Electrolyte Level Adjustment

Electrolyte levels should be adjusted after the cells have been on two weeks of continuous float to maintain specific gravity of 1.215 ±0.010 (the± 0.10 applies to other specific gravities as well).

10.6
Initial Charge Procedures for Valve Regulated Lead Acid Cells
Note:  The manufacturer's requirements and procedures shall be followed when installing and charging VRLA batteries.  As a general rule, VRLA batteries should not be charged above normal float voltages for initial charge, boost

charge, or any other reason. Any questions not answered by the manufacturer or documentation shall be referred to the CenturyLink Power Design Engineer or CenturyLink NROC Power Maintenance Engineer.

10.6.1 The float voltage shall be between -2.25 to -2.28 volts per cell unless otherwise required by the manufacturer.

10.6.2 All VRLA battery installations shall be -48v nominal or +/-24v nominal.

Caution:
Served equipment must be able to tolerate voltages up to -54.8 volts

(+2.0 volts).
10.6.3 Provide ventilation to avoid buildup of explosive hydrogen gas.

10.7
Charge Procedures for Lead Acid Cells Stored for Reuse Applications
10.7.1 Lead-acid batteries shall not be stored longer than 6 months without a freshening charge (48 hrs at 2.37 V/cell for flooded cells, and 48 hours at 2.33 V/cell for VRLA batteries).  If they are stored longer than 6 months, or the time of storage since the last charge is unknown, take voltage readings. If the voltage of a cell (or average per cell in the case of a monoblock) is less than 2.01 for VRLA cells or 1.93 for a flooded cell, the battery is probably bad, and the procedures of Section 12.4 should be followed for disposal. Special exceptions should be discussed with the CenturyLink Power Maintenance Engineer and the battery manufacturer.

10.8
Electrolyte Spills
Reference: Chapter 12, “Hazardous Material Handling.” Whenever a spill of electrolyte occurs, the Service Supplier shall:

10.8.1 Take steps to stop the flow of electrolyte.

10.8.2 Contain the flow of electrolyte by using a spill kit.

10.8.3 Take steps to neutralize any electrolyte coming in contact with the body.

10.8.4 Seek medical attention if necessary.

10.8.5 Report the incident immediately to UNICALL at 1-800-654-2525 when the spill has been contained.

10.9
Installation/Removal Requirements for Lithium-based Batteries
10.9.1 Lithium-based batteries do not generally need an initial charge unless specified by the manufacturer.

10.9.2 Ensure that any alarms available from the batteries are hooked up and working to either the plant, or an external alarm device. If they report to the plant, ensure that the plant forwards those alarms (can be part of a generic major or minor) to an external alarm reporting device.

10.9.3 Follow the manufacturer recommendations for storage (may require insertion of a storage plug, protection of terminals, turning off a switch, etc.).

10.9.4 If the internal LVD has operated (no charge current will flow into the battery, and the voltage is 39.5 V or less on a nominal -48 V battery) due to an excessively long storage time, contact the manufacturer for reset procedures (may require shipment back to the manufacturer in some cases).

10.9.5 Lithium-based batteries do not require ventilation or spill containment.

10.9.6 Ensure that the batteries are strapped down in their tray or otherwise securely mounted to the relay rack (for those batteries with mounting ears) in heavy seismic zone COs.

10.10   Installation Requirements for Nickel-based Batteries
10.10.1 Follow manufacturer recommendations for initial charging of Ni-Cad and

NiMH batteries, if such charging is recommended by the manufacturer.
10.10.2 Ensure that the permanent rectifier/charger for NiMH batteries is designed for those batteries per the manufacturer recommendations.

10.10.3 For flooded Ni-Cad batteries, ensure that a spill kit designed for alkaline batteries is available on site.  Such a spill kit will contain an acidic neutralizer, as opposed to the alkaline baking soda used for lead-acid batteries.  Place a sign on the room door and near the batteries stating that baking soda is not to be used for neutralization of alkaline batteries.

10.10.4 Note that storage times without freshening charges for Nickel-based batteries are half of what they are for lead-acid batteries. This means that the maximum storage interval at 77 degrees Fahrenheit without a freshening charge is 3 months. Follow manufacturer recommendations for freshening charges.

10.10.5 Peform a baseline conductance test with a Midtronics test set on NiMH batteries approximately 1 week after they have been installed and placed on float charge.  Write down the values, the date the test was performed, the instrument it was performed with, and place the data in the battery log book of the site.

10.10.6 Number the batteries and strings as would be done for lead-acid batteries.

10.10.7 Write the installation date on each battery.
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