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These guidelines are based on information from the Safety and Handling Guidelines
for Electrochem Lithium Batteries (Electrochem Commercial Power, division of
Greatbatch, Ltd.), the MSDS for the Saft LSH-20, and a presentation created by Marc
Stewart (APL-UW), which followed from a battery hazard briefing by Julie Banner
(NSWC, Carderock MD, 2004). This document was last updated in April, 2007.

Introduction

Each Seaglider is equipped with one high-voltage (24V), and one low-voltage (10V)
Lithium/Thionyl Chloride (LiSOCl2) battery. The high-voltage pack contains twenty-
one sticks of three D-cells and is rated at 91.8 Ampere-hours.  The low-voltage pack
contains six sticks of three D-cells wired as six parallel sets of three cells in series,
and is rated at 61.2 Ampere-hours.   Individual cells are designed for a maximum
continuous current of 1.8 amperes.  Each 3-cell stick is heat shrink-wrapped, then
glued into its pack configuration with a marine grade adhesive.  The assembled packs
are then externally shrink-wrapped and taped for durability.

Individual D-cells are sealed in steel and contain the following components: the
anode is lithium metal (4-5% of battery weight); the cathode is liquid thionyl chloride
(40-46% of battery weight) and carbon; and the electrolyte is a solution of lithium
tetrachloroaluminate in thionyl chloride (~1.5% of battery weight). Each cell has both
a physical relief vent to prevent casing over-pressure, and an internal 38-gage wire
fuse that opens the electrical path at a sustained current of 5 amperes.

Potential Hazards

Incorrect use or mistreatment of Li/SOCL2 batteries can result in uncontrolled,
potentially violent release of energy, including:

• release of flammable gasses
• release of noxious chemicals (liquid and gaseous acids)
• fire
• explosion or violent rupture of housing

Under normal conditions of use, the electrode materials and electrolyte are non-
reactive, provided the battery integrity is maintained and seals remain intact. Risk of
exposure to the three cell components, and to the reactants they may generate, only
occurs in the event of mechanical, thermal, or electrical overload or abuse of the cells.
Abuse can lead to the activation of safety valves integral to the cell casing and/or
outright rupture of the battery container. Electrolyte leakage, reaction of electrode
materials to moisture or water*, or battery venting, explosion, or fire may occur,
depending upon the circumstances.



Reactants associated with Seaglider Li/SOCl2 batteries include the following:

• Hydrogen (H2) and lithium oxide (Li2O) dust is produced when lithium metal
reacts with water*.

• Lithium hydroxide (LiOH) dust is produced when lithium metal and the
electrolyte react with water*.

• Chlorine (Cl2), sulfur dioxide (SO2) and disulfur dichloride (S2Cl2) are
produced when thionyl chloride decomposes above 140°C.

• Hydrochloric acid (HCl) and sulfur dioxide (SO2) are produced when thionyl
chloride reacts with water* at room temperature.

• Hydrochloric acid (HCl) fumes, lithium oxide, (Li2O), lithium hydroxide
(LiOH) and aluminum hydroxide (Al(OH)3) dust are produced when the
electrolyte reacts with water*.

* Note:  The compounds formed when lithium metal, thionyl chloride, or
the electrolytic solution of lithium tetrachloroaluminate with thionyl
chloride react with water are hazardous.  This does NOT outweigh the
benefit of applying LARGE quantities of water to combat a battery
casualty (normal shipboard fire-fighting procedures).  Water will both cool
the affected and adjacent battery cells to prevent thionyl chloride thermal
decomposition, and contain the compounds produced; particularly dusts
and certain gasses.  Breathing protection is still needed when combating a
battery casualty to address the presence of toxic gasses.

Bodily hazards associated with toxic by-products that may arise from Li/SOCl2
batteries include:

• Eye contact: All three active battery components are corrosive to all ocular
tissues.

• Skin contact: All three active battery components (but especially the cathode
and electrolyte) cause skin irritation and burns.

• Ingestion: All three active battery components cause tissue damage to the
throat and gastro/intestinal tract.

• Inhalation: Contents of a leaking or ruptured battery can cause respiratory
tract and mucus membrane irritation and edema.

Additional Considerations

Seaglider’s batteries are contained within a rigid, durable pressure hull capable of
withstanding over 1500psi of external pressure.  The housing provides an



extraordinary degree of physical protection for the batteries from physical abuse and
moisture (the housing is evacuated prior to use.)  A pressure relief valve exists to
address pressure build-up inside the housing in the event of battery malfunction.
Temperature, humidity, and pressure sensors are installed inside the housing to
monitor internal conditions. However, unrecognized battery problems inside the
pressure housing could injure bystanders if the housing ruptures. Certain precautions
and operating procedures will significantly reduce the likelihood of personnel injury
in the event of housing rupture with the glider aboard ship.

Seaglider Safety Features

Seagliders have safety features at the cell, module, and battery levels, including:

• an internal pressure sensor; enables remote detection of internal pressurization
• internal temperature and humidity  sensors; enable remote detection of leaks,

abnormal heating
• a pressure hull vent plug; prevents rupture due to excessive pressure
• fuse (38-gauge wire) open-circuits the cell at sustained 5 amp current overload
• cells are secured with shrink-wrap and marine-grade adhesives
• assembled pack is also shrink-wrapped and taped
• the high voltage pack rests in a metal cage frame, and the low voltage pack is

screw-mounted to a rigid from within the aluminum pressure hull rated for
1500psi external pressure.

Seaglider Battery Use and Handling Procedures

During normal use, the batteries will be depleted to near end-of-life. Monitor their
state of discharge on a profile-by-profile basis, and strictly observe precautionary
limits on the state of discharge for both batteries.  Except for rare instances in which
battery depletion testing is conducted in the laboratory, do not draw the battery down
to precautionary limits.

Cell end-of-life is always the most vulnerable condition for any cell type.  Subjecting
cells that are in reversal to high current or pulses is especially dangerous in this
situation.  Seaglider’s electrical, motor, and instrumentation systems, including 24-
gage wiring, are designed for current of an ampere or less.  Additional safety features
were not used in the design because of the critical nature of the battery-to-glider
survival – if the battery were to open circuit on an electrical fault at sea, the glider
would be lost anyway.  Generally, the LSH20 has a stable end-of-life behavior, and it
is capable of safely going into reversal.  The load characteristics and battery
configuration determine the design and performance risk. 



Plan to limit discharge of either pack to no more than 85[j4]% during the mission
unless extenuating circumstances dictate otherwise.  Except as part of approved
laboratory testing, in no case deplete the battery in excess of 95%. Observe electrical
usage and instrument indications for abnormalities during the mission. The battery
gauge values accurately represent the state of the battery packs. These values have
been verified by end-of-life tests on field-depleted battery packs.

Avoid physical abuse of batteries, including crushing, impaling, or otherwise
breaching battery integrity, or exposing battery to excessive shock or vibration.
Abuse of LiSOCl2 batteries has been shown to lead to venting (release due to pressure
of the hazardous contents of the cell) and fire. If there is indication of the casing
having been breached, immediately evacuate the area, and proceed with extreme
caution. Consider jettisoning the glider.

To prevent short circuits (circuit with resistance less than 20 milliohms), follow the
guidelines for avoiding physical abuse of batteries, as well as the following:

• Keep terminals insulated and separated (do not connect positive and negative
terminals of the battery).

• Take special safety precautions if battery malfunction is suspected.
• Never open the pressure hull without a trained technician.
• Do not handle battery modules on metal surfaces.
• Do not attempt to recharge battery; the Seaglider LiSOCl2 battery is not

designed to be recharged.

While internal cell fuses should prevent damage due to external short circuits,
Seaglider batteries may still be subject to violent response if discharged under
abnormally high rates that are below the individual cell fuses, or if individual cell
fuses are compromised, due to additional failures such as battery housing leaks.

Under no circumstances is the pressure casing to be opened without a trained
Seaglider technician present.

Do not expose the batteries to inappropriate environments, such as direct contact with
water, or temperatures at or near 100° C. Seaglider batteries are hermetically sealed,
but long-term exposure to water could lead to corrosion and eventual leakage, and
compromise safety circuits. Note, however, that it is fine to use water to fight fires in
the battery storage area.

Temperatures near or above 100° C can cause spouting of vaporized or decomposed
electrolyte fumes. The hydrogen produced by decomposition of lithium metal with
water is flammable. Temperatures near the melting point of lithium (180.5° C) also



increase the risk of explosion.  In addition to the risks of high temperatures, it is also
important to be aware of temperature changes. In the event of a fire in the
compartment or vicinity of the glider, keep the glider cool, as with torpedoes or other
munitions, using fog applicators. See the Emergency Response section of this
document for information on fires directly involving the Seaglider and/or its batteries.

Launch and Recovery

Do not launch a Seaglider without a successful self-test. Do not launch a Seaglider
with batteries more than 85% expended. Exercise normal care when deploying the
glider, and avoid physical, electrical, and thermal abuse.

When preparing for recovery of a Seaglider, check the telemetry. The pilot should
check internal pressure, temperature, humidity, battery voltages and capacities, and
inform the field/deck team as to clearance to recover the glider. Do not bring the
glider aboard without clearance from the pilot. If the telemetry data is abnormal
and/or indicates that the glider condition could be hazardous, the pilot should scuttle
the glider, and no recovery should be attempted.

If cleared for recovery, exercise normal care in handling the glider to prevent damage.
Do not take a Seaglider directly from cold water into room temperature. Sudden
temperature changes are especially destabilizing in depleted battery packs.

If no telemetry data is available, proceed with extreme caution. Jettison or destroy the
Seaglider at any indication of battery-related problems, including an open pressure
release valve, evidence of high internal temperature and/or pressure, or significant
visible damage.

Storage, Packaging, and Transportation

Store the glider securely in its cradle away from other hazardous and combustible
material. Package batteries in their transportation containers. Store batteries in dry,
marked containers at temperatures below 40°C. Limit presence of, and maintain
standoff distance from, other combustibles in storage area. If possible, the storage
area should be protected by sprinkler system and/or smoke detection.

The Seaglider is dismantled for transportation, but the pressure hull-battery assembly
remains fully intact, in a Hardigg-like shipping container. Seaglider must be shipped
as Class 9 Dangerous Goods.  Shipping classifications such as UN3171, Battery
Powered Vehicle (or Battery Powered Equipment), have been used.  Authorized
modes of transportation include motor vehicle, rail freight, cargo vessel, and cargo-
only aircraft. Seaglider packages are suitable for shipment via commercial shippers.



Gliders with defective batteries, fully discharged batteries, or those whose state of
charge cannot be determined cannot be shipped by air unless batteries are first
removed (and disposed of properly).

Emergency Response

FIRE

In the event of a fire involving the Seaglider or Li/SOCl2 batteries, standard shipboard
firefighting methods should be used. Apply copious amounts of water. Class D
extinguishers should be used on raw lithium, but lithium fires that have spread to
other fueling materials should be extinguished based on the most abundant fuel.
In all fires involving a Seaglider, set a standoff distance of 20-50 feet from the
vehicle, due to the potential for violent pressure release. If there is a major fire or
other failure that consumes the glider on deck, drop the Seaglider overboard.

Fires involving Lithium produce dense white smoke that can cause severe irritation to
the respiratory tract, eyes and skin. All precautions must be taken to limit exposure to
these fumes. Nonessential personnel should be evacuated, and the area thoroughly
ventilated. If any personnel are injured, perform the following procedures:

• Seek immediate medical attention.  Attend to injured personnel as follows:

• Ingestion: Dilute by giving plenty of water and get immediate medical
attention.

• Ensure that the victim does not aspirate or that mucus does not block the
airway.

• Do not give anything by mouth to an unconscious person.

• Inhalation: Remove to fresh air and ventilate the contaminated area.

• Give oxygen or artificial respiration if needed.

Fire Clean-up

A lab coat, rubber gloves, safety glasses or goggles and respirator should
be worn during cleanup.

• Fire may leave the surrounding area covered with black carbonaceous material
along with metal parts from the cell. Cover the black carbonaceous material
with a 50/50 mixture of baking soda (or lime) with vermiculite.

• A wet sweeping compound may also be used to avoid dust. Nonetheless, gather



the material in such a way as to avoid excessive dust.

• Sweep the contaminated baking soda/vermiculite mixture into a sealable plastic
bag. Metal parts can also be included in this container. Any live cells,
however, should be disposed of immediately, and not mixed with other
materials.

• Seal the plastic bags in a glass jar or other suitable container.

• Clean the area with copious amounts of a baking soda/water solution.

• Follow with soapy water.

• Dispose of all materials in accordance with local, state and federal hazardous
waste disposal regulations.

HANDLING A HOT PACK OR CELL

If it is suspected that a cell or cells in the Seaglider have shorted or abnormally heated
for any reason, extreme caution should be exercised.  At sea, consider scuttling or
destroying the glider if it has not been recovered, or dropping it overboard if it is on
deck.

If a hot pack or cell is detected in an open glider in the lab, the following guidelines
should be used to allow the cell to cool.

Minimum Equipment Required

• Infrared temperature probe
• Safety glasses
• Helmet with high impact resistant face shield
• Non-conductive extended pliers
• Body, arm and hand protection

Procedure

• As soon as a hot cell is detected, completely evacuate the area of all personnel.

• Periodically monitor the temperature of the cell with the remote probe for the
first two hours or until one of the three following situations occurs:

• the cell starts to cool
• the cell vents, or,



• the cell explodes

• If the cell starts to cool, monitor its temperature once an hour until it returns to
ambient temperature.

• If remote temperature sensing equipment is not available, do not handle the cell
for a period of 24 hours.

• Remove the cell from the work area once it has cooled and return to normal
operations.

• Dispose of the cell in accordance with local, state and federal hazardous waste
regulations.

Procedures for handling cells that continue to heat and, consequently
vent or explode, are addressed below.

PACKS IN WHICH CELLS HAVE VENTED

If it is suspected that a cell or cells in the Seaglider have shorted or abnormally heated
for any reason, extreme caution should be exercised.  At sea, consider scuttling or
destroying the glider if it has not been recovered, or dropping it overboard if it is on
deck.  After disposal of the glider, follow the Clean-Up Procedure below.

If a venting pack or cell is detected in an open glider in the lab, follow the guidelines
below for allowing the glider to cool, and cleaning the area.

Minimum Equipment Required:

• A Class D fire extinguisher
• Eye protection or face shield
• Respirator suitable for chlorine, HCl and SO2
• Neoprene rubber gloves
• Lab coat or chemically resistant apron
• Bicarbonate of soda (baking soda), calcium oxide (lime) –or-acid spill clean up

kit
• Vermiculite, 3M Power Sorb (universal absorbent material), Speedy-Dry (clay

absorbent)
• Individual thick plastic bags with sealing mechanism

Cooling Procedure

• Evacuate personnel from all areas that are affected by the vapors.



• Ventilation should be initiated and continued until after the cell is removed
from the area and the pungent odor is no longer detectable.

• If the cell vented as a result of excessive heating, it must be allowed to cool to
ambient temperature before handling.

• Put on lab coat, rubber gloves, high impact safety glasses and respirator.
Remove the cell to a well-ventilated area.

• Place each leaking cell in a separate, sealable plastic bag.  Eliminate excess air
and seal the bag.

• Place one cup of vermiculite or other absorbent material in a second bag along
with the first bag. Eliminate excess air and seal.

• Place the double-bagged cell in a third bag containing approximately one cup of
lime or baking soda. Seal the bag.

• Dispose of the contaminated material in accordance with local, state and federal
hazardous waste disposal regulations.

Clean-Up Procedure

• Absorb and/or neutralize spilled electrolyte with an absorbent material or
baking soda.

• Sweep contaminated baking soda or absorbent material into a sealable plastic
bag for disposal.

• Clean the area with copious amounts of water.

• Dispose of the contaminated absorbent material in accordance with local, state
and federal hazardous waste disposal regulations.

PACKS IN WHICH CELLS HAVE EXPLODED

If it is suspected that a cell or cells in the Seaglider have shorted or abnormally heated
for any reason, extreme caution should be exercised.  At sea, consider scuttling or
destroying the glider if it has not been recovered, or dropping it overboard if it is on
deck.  After disposal of the glider, follow the Clean-Up Procedure below.

If a pack or cell explodes in an open glider in the lab, follow the guidelines below for



allowing the glider to cool, and cleaning the area.

Minimum Equipment Required:

• A Class D fire extinguisher
• ABC Class fire extinguisher (for possible secondary fires only)
• Respirator suitable for chlorine, HCl and SO2 or air pack
• Eye protection or face shield
• Rubber gloves, lab coat or chemically resistant apron
• Bicarbonate of soda or calcium oxide (lime) -or- acid spill clean up kit (J.T.

Baker Co.)
• Vermiculite, 3M Power Sorb (universal absorbent material), Speedy-Dry (clay

absorbent)
• Individual thick plastic bags with sealing mechanism, glass jars

Cooling Procedure

• Evacuate personnel from all areas that are affected by the smoke.

• Ventilation should be initiated and continued until after the vehicle is removed
from the area and the pungent odor is no longer detectable.

• If a fire occurs as a result of cell explosion, follow fire procedures listed above.

• The exploded cell/vehicle may be hot. It must be allowed to cool to ambient
temperature before handling. (See hot cell procedures)

 Clean-Up Procedure

• Put on a lab coat, rubber gloves, safety glasses and respirator.

• If a cell/vehicle has exploded, the surrounding area may be covered with black
carbonaceous material, along with metal parts from the cell/vehicle. Cover the
black carbonaceous material with a 50/50 mixture of baking soda (or lime)
with vermiculite or other universal absorbent material.

• Sweep the contaminated baking soda/vermiculite mixture into a sealable plastic
bag. Gather in such a way as to avoid excessive dust. Metal parts can also be
included in this container.
Note: metal fragments should never be packaged with live cells. This could
cause the cell to become shorted.  Dispose of any live cells involved in an
incident immediately.

• Seal the plastic bags in a glass jar and dispose of contents in accordance with



local, state and federal hazardous waste disposal regulations.

• Clean the area with copious amounts of a baking soda/water solution.

• Follow with soapy water.

Contacts

Fritz Stahr, Seaglider Fabrication Center: (206) 543-7886,
stahr@ocean.washington.edu.

Neil M. Bogue, Applied Physics Lab – UW: (206) 685-4198,
bogue@u.washington.edu.

Angela Wood, Applied Physics Lab – UW: (206) 543-5269,
awood@apl.washington.edu.


