ELECTROLYTIC CELL SAFETY
GENERAL DESCRIPTION OF ELECTROLYTIC CELL PROCESS

Electrolytic cell processes exist typically in medium to large
industrial environments to produce commodity materials,
such as aluminum, cadmium, chlorine, copper, fluorine, hy-
drogen peroxide, magnesium, sodium, sodium chlorate, and
zinc. The electrolytic cell process involves a chemical reaction
that occurs through ionic mechanisms by adding electrical en-
ergy to a reactor or cell arrangement. The cell is a container
made of suitable materials for the chemicals involved and has
positive and negative electrodes, electrically isolated from
each other but both in contact with an electrolyte of suffi-
ciently high electrical resistance so as not to cause a short
circuit when energy is applied. The ionic reactions occur at
the cell electrodes, the anode and cathode, as electric energy
is applied by an external circuit flowing direct current (dc)
through the electrolyte. Then materials produced from this
reaction are separated, combined, conditioned, or otherwise
handled as required by the particular process involved. The
reverse of the electrolytic cell process is known as the gal-
vanic cell process where electric energy is produced at the
electrodes through ionic reaction among the anode, cathode,
and electrolyte. A familiar example of a galvanic process is
the typical storage battery. Both electrolytic and galvanic cell
processes can be reversed for a relatively short time by adding
or removing electric energy.

All electrolytic cell processes utilize similar physical mech-
anisms at the ionic level. They differ widely, however, in
physical and electrical characteristics from one industry to
another as well as among the same or similar industry pro-
cess. Many of these processes are proprietary. Electrolytic cell
processes may be operated indoors or outdoors, in wet or dry
locations, are electrically connected to auxiliary equipment,
such as pumps, piping, or structures, may be located on the
ground floor or above ground level, and may vary greatly in
operating voltage and current. The installation and its associ-
ated attachments, process connections, electrical conductors,
and process equipment, are custom designed for each facility.
In terms of electrical circuits, electrolytic cell processes are
unique in that their construction, operation, and maintenance
methods are much different than those of other power distri-
bution or control. Energized electrical conductors for the cell
line, such as cell surfaces, attachment and intercell bus, and
process piping are typically installed uninsulated and ex-
posed. Normal maintenance and operation of the process re-
quires that personnel contact these exposed energized sur-
faces on a regular basis. Maintenance and operating
procedures involve intentionally shorting or grounding por-
tions of the cell circuit for repair or equipment replacement,
all with the circuit energized. Process control adjustments
and sampling by personnel are accomplished by contact with
electrically energized surfaces. Thus, exposure of personnel to
electrical hazards in electrolytic cell processes is quite differ-
ent from other processes having electrical circuits, and this
exposure is more frequent. The electrolytic cell industry, how-
ever, is well established, and has been safely operating facili-
ties for many years using proper hazard identification, per-
sonnel protection, education, and administrative controls.
This protective and administrative control effort is as much a
part of conducting this industry’s business as quality control
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or cost management and is viewed as a responsibility that
must be fulfilled both from legal or regulatory and from moral
and ethical standpoints.

Circuit Configurations

Electrolytic cell circuits generally are installed either in a
monopolar or bipolar arrangement. A monopolar cell line con-
sists of some number of single cells, each having a single
anode and cathode, electrically connected in series much as
the individual cells in a typical electrical storage battery. The
number of cells is determined by several factors, such as the
total cell line voltage and design production capacity of the
facility. Each cell is electrically connected to each other cell,
typically with large conductors. The first and last cells of the
series circuit are connected to the external dc power source in
a similar manner (see Fig. 1).

In a bipolar arrangement, the series connection of individ-
ual cells is replaced by a single cell block, or electrolyzer, con-
nected to a single external power source. Each electrolyzer
consists of some number of individual cells that have anodes
and cathodes exposed to electrolytes, and all intercell electri-
cal and process connections internal to the block. Then the
electrolyzer unit is connected to the external power source us-
ing large conductors (see Fig. 2). In both cases the electrically
energized surfaces are uninsulated and exposed and, with
very few exceptions, the cell circuit is operated ungrounded.
While energized, each cell or electrolyzer has a small leakage
resistance to ground because of ground insulation leakage
and process attachments or fluids leakage. It is important to
detect these relatively small but potentially dangerous
ground paths and to correct them.

Power Supplies

Electrical energy for the electrolytic cell process is normally
supplied by large capacity ac to dc (alternating current to di-
rect current) rectifiers. Some older installations use diode rec-
tifiers that have transformer tap changers for control. Newer
units utilize thryistor technology. Cell line voltage and cur-
rent vary widely depending on the cell type and the produc-
tion capacity of the facility. Voltages range from less than 25
V dc to as high as 1000 V dc, and currents from a few thou-
sand amperes dc to more than 400,000 A dc (1). Monopolar
arrangements typically have more than one rectifier per cell
line connected in parallel. The number and capacity depend
on design cell line current. All operate at the desired dc volt-
age. When two or more rectifiers are connected in parallel,
as in the monopolar arrangement, a disconnecting means is
required for each rectifier unit on the dc side to allow remov-
ing it from the cell line circuit (2). Bipolar arrangements have
an individual electrolyzer or cell block whose power is sup-
plied from a single rectifier that has sufficient capacity for the
design current and voltage. Because these units normally
have high power capacity, they are connected to the facility’s
primary power distribution system, usually one level of trans-
formation from the utility supply. Combined capacitor-reactor
filter equipment is normally connected to the ac supply at the
primary distribution level. This is done to eliminate harmful
harmonics, inherent in ac to dc rectification installations and
to correct the system power factor which is worsened when
power and rectifier transformer impedances come into play
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Figure 1. A typical monopolar cell/electrolyzer circuit configuration is illustrated. The circuit is
made up of several single cells, each having a single anode and cathode connected in series.
Typical jumper and grounding switch circuit connections are shown. A cell line ground detection
circuit configuration, located at the dc power source, is also shown.
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Figure 2. A typical bipolar electrolyzer circuit configuration is depicted. Each circuit contains a
single electrolyzer or cell block connected to a single dc power source. Each electrolyzer is made
of some number of individual cells, having anodes and cathodes and being in full contact with
the electrolyte, with all intercell electrical and process connections internal to the electrolyzer.
Note the ground detection circuits as well as jumper and grounding switches are absent, since
they are not needed in a bipolar arrangement.
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and as inductive motor load from auxiliary process equipment
is added.

Maintenance and Operating Activities

Individual cells in a monopolar cell line are bypassed or
jumped out for maintenance or in the event of cell failure.
This involves connecting a jumper switch, sometimes known
as a cutout switch, in parallel with the cell being removed.
The jumper switch is rated for full cell line current and has a
voltage rating typically in the 10 V dc to 50 V dc range. Once
the switch is connected, it is closed allowing the cell line cur-
rent to flow through the switch and bypass the cell. Then in-
tercell connections and the cell are removed for maintenance
or replacement, and the cell line is totally dependent on the
jumper switch to complete the circuit. Overhead cranes or
hoists are normally provided for removing and replacing cells
and equipment. In some processes, however, rather than by-
passing a cell by shorting it, an intentional ground is applied
to the cell line, only at one point where the maintenance ac-
tivity is to take place (see Fig. 1). Once the cell is grounded,
maintenance and operating activities are done at a ground
potential condition. This does not allow opening the cell line
circuit, to replace a cell, for example, because that would in-
terrupt the total current. However, in some processes this
method is quite acceptable. Intentionally grounding the cell
at one point does not affect operations unless another ground
already exists somewhere on the normally ungrounded cir-
cuit. Cell line ground monitoring methods are used to detect
this condition (see Figs. 1, 3, 4).

Because the inter cell electrical and process connections in
bipolar cell arrangements are internal to the electrolyzer unit,
no cell shorting or grounded is needed or done. Maintenance
or process changes in the bipolar arrangement that cannot
be done when the unit is operating require deenergizing the
individual rectifier and its associated electrolyzer. In both
cases, however, by far the majority of adjustments, inter cell
voltage tests, and other normal maintenance and operating
activities are done while the circuit is energized.

DESCRIPTION OF THE ELECTRICAL SAFETY HAZARDS

As with any installation involving electrically energized con-
ductors, the safety hazards to personnel in contact or near
such conductors are electric shock, falls or injuries due to a
shock reaction, and electric arc flash burns or blast injury.
Electrolytic cell installations have the same three overall cat-
egories of hazard, but because these processes are operated
and maintained much differently from other installations
that have electrically energized parts, specific details of these
hazards and the methods of safeguarding personnel from
them are much different. Electrical conductors in electrolytic
cell processes are normally operated uninsulated and ex-
posed, and grounding cell lines is not required (2). In fact cell
lines are almost always operated ungrounded. Normal activi-
ties involve contact by personnel with energized surfaces and
exposure to some areas with high fault current availability.
Obviously this condition would not be allowed in a normal ac
power distribution system, but controls and methods exist to
properly protect personnel exposed.

Because of the typical resistance of human skin and the
resulting effects of current flow, a voltage potential of 50 V ac

or 100 V dc and higher is considered hazardous and must be
protected against (3). Currents as low as 15 mA to 20 mA ac
or 100 mA to 140 mA dc cause painful shocks and loss of
muscular control (4). Currents as low as 200 mA ac or 1400
mA dc cause the heart to stop for the duration of exposure
(4), a condition certain to cause death. Realizing that hazard-
ous or even lethal current levels are relatively low compared
to those available, the need and responsibility to safeguard
personnel exposed is very apparent.

Hazardous Voltage Sources

Voltage potentials arise from many sources in an electrolytic
cell process. Many of these are not hazardous or are below
100 V dc, but many are well above 100 V dc. The voltage drop
across individual cells is typically in the 3 to 4 V dc range.
The voltage drop increases with the number of cells. The volt-
age drop across ten cells, for example, is in the 30 to 40 V dc
range. The total voltage measured from the positive to the
negative dc power supply connections yields the highest cell
line voltage. This total voltage decreases by the individual cell
voltages if measurements are made moving along the cell line
away from the source voltage.

Because cell lines are normally operated ungrounded, a
theoretical zero voltage point to ground exists at the cell-cir-
cuit midpoint. If all other ground sources are removed, the dc
voltage measured to ground halfway around the circuit is zero
(see Fig. 3). Voltage measured to ground becomes more and
more positive as one moves from the midpoint to the positive
main dc supply bus, and more and more negative as one
moves to the negative. For example, the voltage to ground
measured ten cells closer to the negative main dc supply bus
than the midpoint for a cell line with cells each having a 3.5
V dc drop is —35 V dc. The worst case condition results from
a cell line ground condition when a solid ground occurs at one
of the dc supply main buses. In this case, the voltage to
ground at that point is of course zero, and the full dc supply
voltage is present at the other dc supply bus (see Fig. 4). This
is the same voltage as the total dc supply voltage but now it
appears at one of the dc supply main buses rather than at
only half the voltage to ground as was the case before the
ground was introduced. Normally sufficient distance exists
between the positive and negative dc supply bus to make it
difficult for personnel to bridge positive to negative. In this
case, however, when full supply voltage appears at the dc sup-
ply bus, simultaneous contact by personnel with the bus and
ground is readily achieved. Obviously if the cell line operates
at voltages of 100 V dc and higher, hazardous conditions exist
from cell to cell, cell to ground, and at the main dc supply.
This hazardous condition may also extend beyond the actual
cell line to all attached equipment, such as pumps, piping
and/or jumper switches while attached, and to cranes or
hoists while attached to the cell circuit. Any electrical conduc-
tor that is uninsulated and is energized by its connection to
the cell circuit is a potential source of hazardous voltage.

Battery Effect

The existence of hazardous voltages is further complicated by
the fact that electrolytic cell lines exhibit characteristics simi-
lar to an electrical storage battery. Once the electrolyte is in-
troduced into the cell and the external power supply has ener-
gized the circuit, a hazardous voltage exists on the cell line
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Figure 3. This figure shows the theoretical zero voltage point to ground, the cell line ground
detection circuit arrangement, and typical cell leakage resistance to ground for a monopolar cell
circuit. These concepts and the circuit arrangements do not apply to bipolar cell circuits.

and on individual cells, even after the dc power supply has
been removed. The time required to produce this “battery ef-
fect” (4) and the time required for this condition to dissipate
depends on the physical and chemical characteristics of the
cells. Because of the normally large surface area of cell anodes
and cathodes, the cell current available under the “battery
effect” is also quite substantial. Thus it is common in electro-
lytic cell processes for hazardous voltages to exist and for per-
sonnel to come in contact with energized parts, even after nor-
mal and traditional deenergization and lock-out procedures

are completed. But, when one considers that the hazards un-
der this condition are the same as those under normal op-
erating conditions, it is clear that the same safeguards must
also be used.

Auxiliary Ac Power

Along with hazardous dc voltages, sources of ac power are
also normal in the area of the electrolytic cell circuit. Power
for lighting, auxiliary power for cell line attachment equip-
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Figure 4. This figure illustrates the worst case voltage hazard condition for a solidly grounded
cell circuit at one conductor of the dc source. Voltage to ground at the grounded point would, of
course, be zero, and full cell line voltage would appear at the other, all with the cell line op-

erating.

ment, such as pumps, and power for receptacles, control, and
monitoring devices are also present. These operate normally
above the 50 V ac limit considered hazardous and are also an
additional source of contact with grounded surfaces while in
contact with the dc circuit. Equipment, such as electrically
operated tools, cord sets, and welding machines are also com-
monly present. A hazardous condition can exist if either the
ac power energizes a part of the cell circuit or an attachment
or if wiring for the auxiliary equipment contacts the cell cir-
cuit and conducts dc power to other locations not intended for
that purpose.

Arc Flash

Until recently the primary hazard considered in using elec-
tricity was electric shock and its effects on the human body.
Most protective measures centered on insulating, guarding,
or otherwise protecting personnel from contact with energized
surfaces. The same was true in electrolytic cell processes, and
in some cases today this may still be the primary hazard con-
sidered. Injuries relating to arc flash exposure were reported
as burns and in almost all cases were not classified as related
to electrical incidents. Over the last fifteen to twenty years a
significant amount of testing and research has been done re-



lating to “The other electrical hazard: electric arc blast burns
(5).” As test methods improve and more data are gathered,
the arc flash hazard at various levels of an electrical system
is better understood and predicted (6). Only a relatively small
amount of testing and data exist for electrolytic cell dc appli-
cations. The arc flash capability for dc circuits is quite differ-
ent from ac, yet it cannot be ignored. The available fault cur-
rent at many points along the cell circuit and certainly at the
dc supply bus is high enough in most cases to generate
enough heat and molten debris to cause injury. Arc flash in-
juries are just as potentially serious or fatal as shock injuries,
and no actual contact with energized parts is required. Arc
flash injuries occur many feet away from the source of the arc
depending on the available fault and the duration of expo-
sure. Safe approach distances have been determined for vari-
ous faults in ac circuits and for various exposure times. These
distances are calculated (5—-7) for a specific application as fol-
lows:

D = (2.65 x MVA,, x t)/2
or
D = (53 x MVA x t)1/2

where D is the distance of the person from the arc for curable
burn (feet), MVA,; is the bolted fault MVA at the point of the
arc, MVA is the transformer MVA rating, and ¢ is duration of
the arc in seconds.

The cell circuit resistances limit available fault currents,
and the arc voltage diminishes relatively quickly in dc electro-
lytic cell circuits under fault conditions. Therefore most areas
of the cell circuit are not likely to pose an arc flash problem,
but it is likely that there are others that do. Contributions
from stored energy in the cells caused by the large anode and
cathode surface areas and from the rectifiers that supply sev-
eral times full load current under fault conditions signifi-
cantly increase both available fault and exposure times. Both
of these factors increase arc flash injury risk.

Magnetic Fields

Electrical hazards also exist as a result of the large dc mag-
netic fields typically present in electrolytic cell processes. The
higher the cell line current, obviously the higher the resulting
magnetic field. The American Conference of Government In-
dustrial Hygienists (ACGIH) recommends that personnel ex-
posure to magnetic fields not exceed 600 gauss whole body
on a daily, time-weighted average basis. The ACGIH further
recommends that personnel with implanted cardiac pacemak-
ers should not be exposed to more than 10 gauss. The ACGIH
further advises that persons with implanted ferromagnetic
medical devices could be adversely affected at higher flux den-
sities (4). Data indicate that levels in some electrolytic cell
facilities are in the 200 gauss range (4). Any ferromagnetic
materials, tools, or equipment also create hazardous condi-
tions should they be drawn to the cell line and bridge from
cell to cell, from cell to ground, or come in contact with cell
line attachments or auxiliary ac power.

Portable or fixed analytical or test equipment is also af-
fected by large magnetic fields if not suitable for the use. This
equipment can be affected and gives false indications while in
the fields although it appears to be functioning correctly.
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Once the magnetic field is removed, the unit appears to re-
turn to normal operation and gives the operator the appear-
ance of a correct reading, when in fact it is not.

Nonelectrical Hazards

There are also nonelectrical hazards which have to be consid-
ered that generally make the task of protecting personnel
more difficult. Cells and most of their attached equipment op-
erate at high temperatures. Reflex reactions by personnel who
contact hot surfaces can cause inadvertent contact with ener-
gized conductors. Normally hazardous chemicals are present
which affect personnel on contact. Most of these chemicals are
obviously electrically conductive and thus can compromise the
insulating properties of personal protective equipment.

Electrical Classification

Normally electrolytic cell lines are classified electrically as
nonhazardous, indicating that there is insufficient accumula-
tion of flammable or combustible gases to create a hazardous
environment from a fire or explosion. Although flammable
and combustible gasses are typically produced as part of the
chemical reaction, normally sufficient ventilation is provided
to remove them safely. However, the electrical classification
should be determined for each installation (8—10).

SAFEGUARDING PERSONNEL

It is clear that unique electrical hazards exist in electrolytic
cell processes. It follows, therefore, that to properly safeguard
personnel who may be exposed to these hazards, protective
measures must go beyond traditional methods to include
those specific to electrolytic cell processes. Employers are le-
gally required to provide adequate protection for personnel
exposed to hazards in the workplace (3). Formal safety pro-
grams are in place for this purpose, and research and develop-
ment continue as technology and data on the subject progress.
The overall task of safeguarding personnel is made up of
many parts, all needed to provide proper protection.

Job Safety Analysis

Providing adequate protection involves many general issues
and must include protection from hazards specific to the in-
dustry, the process, the location, and even the individual job
task. Performing a Job Safety Analysis (JSA) is critical for
successfully identifying and protecting against any hazard
that may be present. A JSA is a formal review and analysis
of each job task that can or will expose personnel to hazards.
A group of knowledgeable individuals with varying experience
and abilities generally gathers information needed to deter-
mine the exact hazards that exist for a specific job. This anal-
ysis includes hazards relating to shock, reaction injury due to
shock, and arc flash. The result is a detailed listing of job
tasks, identification of the hazards associated with each, and
the adequate protective measures to be employed. The JSA is
central to protecting personnel exposed to hazards. Because
of the unique hazards involved with electrolytic cell processes,
proper protection cannot be provided without it.
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Cell Line Working Zone

The JSA for electrolytic cell processes should include the es-
tablishment of a Cell Line Working Zone (CLWZ). The CLWZ
is a defined physical area containing electrical hazards associ-
ated with electrolytic cell activities in which adequate safe-
guarding must be provided. The area is defined as a space
envelope where operation and maintenance is normally per-
formed on or in the vicinity of exposed energized surfaces or
their attachments. The space envelope encompasses any
space within 96 in. above or below and within 42 in. horizon-
tally in both directions from all energized surfaces. The
CLWZ is not made to extend through or beyond walls, floors,
roofs, barriers, or the like (1). For simplicity or because of
specific physical characteristics, there is no restriction on
moving the CLWZ to a larger space to administer it more
readily. Establishing a CLWZ aids in understanding protec-
tive requirements for personnel and eliminates the need to
establish safe boundaries each time a task is performed.

Flash Hazard Analysis

The arc flash hazard analysis requires a separate effort and
normally requires engineering supervision. Several methods
exist to determine flash hazard boundaries based on testing
and research on the subject to date (5—7). Although most, if
not all testing and research to date relates to ac circuits, these
methods are also applied in electrolytic cell processes and, if
anything, are considered conservative. The calculations yield
an approach distance outside of which personnel would not be
adversely exposed to the hazards of arc flash. Personnel at
the approach distance or closer to the source of an arc must
be provided with and must wear proper protective equipment
suitable for the severity of the hazard present.

Guidance is also available for selecting and using arc flash
protective clothing in various exposures (11). It should also be
recognized that, depending on the available fault at the point
in the cell circuit involved, the arc flash protective boundary
may extend beyond the limits of the previously established
CLWZ, thus requiring expansion of the CLWZ space envelope
to the flash boundary.

Qualified Personnel

Persons whose normal activities involve exposure to electrical
hazards must be “qualified” to safely perform such duties.
Qualified in this context does not mean that the individual
is an accomplished craftsman normally capable of good job
performance. A qualified person in this arena is one who is
trained and knowledgeable in the operation and safety haz-
ards involved with the equipment and the job task and in the
proper methods to avoid such hazards. Further, a qualified
person is also knowledgeable in using applicable precaution-
ary techniques and personal protective equipment. It is possi-
ble and in fact likely that a person would be considered quali-
fied to perform certain job tasks and unqualified to perform
others. It is required by law that only qualified persons are
allowed to work on or near exposed energized electrical con-
ductors or circuit parts (3). It follows that an unqualified per-
son is one who possesses little or no such knowledge and,
therefore, must not be allowed to perform tasks of this type.

Safe Approach Distance Concept

When analyzing specific jobs for various electrical hazards, it
is helpful to utilize a concept for identifying and protecting

against hazards as personnel move from a safe distance closer
to an exposed energized conductor. Safe approach distance
concepts have been developed by various groups (6,7) and in-
dividuals (5). They differ in content and detail, but all have
the same basic elements. A relatively straightforward safe ap-
proach concept, offered here for illustration, consists of three
boundaries (see Fig. 5). The first boundary reached, and the
farthest from the conductor, is the closest distance at which
unqualified persons are allowed to be. These persons have no
knowledge of the hazards and are likely to make the job task
more difficult and hazardous for themselves and others per-
forming the work if they are allowed closer. As one moves
closer to the conductor, the next boundary reached is the clos-
est distance a qualified person is allowed without proper arc
flash protection. If a flash hazard is present, that distance is
normally farther away than the minimum distance for a qual-
ified person without proper shock protection. This is the last
boundary before actual contact with the conductor is made.
Safe approach distances for shock and arc flash vary widely
depending on the available fault and even the operating con-
ditions at the time. For this reason, no listing of actual dis-
tances is offered here. With proper engineering supervision,
the references noted have quite adequate information for this
determination.

Training

As discussed earlier, only qualified persons are allowed to
work on or near exposed energized electrical conductors or
circuit parts (3). Personnel are not considered qualified until
they are properly trained. Qualified persons must be trained
in the specific safety hazards relating to their job task and in
how to protect against them. At a minimum, qualified persons
must be trained in (1) the skills necessary to distinguish ex-
posed energized parts from other parts of electrical equip-
ment, (2) the skills and techniques necessary to determine
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Figure 5. The safe approach distance concept is depicted as one
where different hazards exist, and different methods are needed to
protect personnel as one moves from a distant location toward an
uninsulated, unguarded, exposed, energized conductor.



the nominal voltage of exposed energized parts, (3) the safe
approach distances for the specific job task, and (4) the ability
to determine the degree and extent of the hazard and the per-
sonal protective equipment needed (3,7). Further, qualified
persons must be trained in the skills and techniques to avoid
simultaneous contact with hazardous voltages between ener-
gized surfaces of the cell line and energized surfaces and
ground and in the method of determining the cell line work-
ing zone boundaries (1). An appropriate number of persons
must also be trained in emergency rescue and first aid proce-
dures and the knowledgeable application of cardiopulmonary
resuscitation (CPR) (3). This training should include methods
for safely removing a victim from an energized circuit. The
employer must certify the qualifications of the trainer(s), pro-
vide a method of confirming understanding of the training,
and the training must be documented (3). The only require-
ment for unqualified persons is they are trained in recogniz-
ing electrical hazards and the proper methods of avoiding
them.

Personal Protective Equipment

Facilities operating in industrial environments normally have
well-established requirements for minimum personal protec-
tive equipment that usually include items, such as noncon-
ductive hard hats, steel-toed shoes, safety glasses, and escape
respirators and/or full-face breathing devices. This minimum
may vary depending on the facility and on the general haz-
ards found throughout the facility. In electrolytic cell facili-
ties, additional protective equipment is needed to safeguard
personnel properly from the unique electrical hazards pres-
ent. This equipment must be properly specified as appropriate
for the application. Nonconductive footwear, suitable for the
voltages present, should be worn by anyone entering the
CLWZ. Personnel who perform job tasks in the CLWZ must
wear nonconductive gloves suitable for the voltages present.
Footwear and gloves must be tested prior to each use and at
some appropriate regular interval if not in use, to verify in-
tegrity. Footwear or gloves found defective must be removed
from service and destroyed. Other insulating materials, such
as insulating blankets, mats, or sleeves that may be used de-
pending on the facility needs, must also be tested prior to
each use and periodically if not in use. While in use, care
must also be taken not to compromise the insulating proper-
ties through contamination by contact with conductive pro-
cess chemicals or other materials. Standards for specifying,
testing, care, and use of nonconductive footwear, gloves, blan-
kets, mats, and sleeves exist and should be referred to for this
purpose (12).

Flash protective clothing appropriate for the hazard pres-
ent must be worn if a flash hazard exists. One method of flash
protection consists of a full switchman’s hood with a polycar-
bonate face shield, cloak, and pants all manufactured from a
nonflammable textile material. Information on specifying and
on the performance of this equipment is limited in content
but does exist (13) and should be used in combination with
an analysis of the specific job to determine the appropriate
protection. As with the flash hazard analysis, the specification
and application of flash protective clothing should be done
with engineering supervision.

Maintenance and Operating Activities

Maintenance and operating activities conducted as a normal
part of the electrolytic cell facility face significantly different
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hazardous conditions than in other installations that have
normal power distribution and control equipment. Each job
must be analyzed for its hazards, and appropriate safeguards
must be put in place to protect personnel from those hazards.

Jumper Switch. Routine maintenance activity in electrolytic
cell facilities involving intentionally shorting or bypassing a
cell for repair or replacement should include a safe work pro-
cedure or task sequence to identify and avoid the hazards
that this operation presents. While connected, the switch is
an energized extension of the cell circuit and presents the
same hazardous voltage concerns. Safety devices should be
employed to prevent operating the switch while the cell is re-
moved from the circuit. Although rated for full cell line cur-
rent, if operated, this would create full de supply voltage
across the contacts of the switch, almost certain to cause a
switch failure. Appropriate alarms, interlocks, and protective
measures should also be employed consistent with proper
jumper switch operation.

Similar concerns hold true for the cell grounding switch
where used. Although its operation does not have the same
hazards as the jumper switch, the hazards are equally impor-
tant, and similar, safe, work procedures should be developed
and followed.

Cranes and Hoists. Overhead cranes and hoists are typically
used to aid in cell repair and replacement. While connected
to an energized cell, the hook and cable block assembly may
be electrically energized. Since the crane or hoist itself is nor-
mally attached to the grounded building structure, proper iso-
lation must be provided to insulate the cell circuit voltage
from ground. This is normally accomplished by using an insu-
lated cable block assembly. This assembly then becomes a pri-
mary means for isolation and must be periodically tested to
verify its integrity. Should the insulation be compromised, the
cables would become energized and a failure is likely to occur.
Support cables for operating pendant control enclosures
should be nonconductive or electrically insulated from
ground. The integrity of this insulation must also be verified
periodically.

Portable Electrically Operated Tools and Equipment. Portable
electrically operated tools and equipment used in the CLWZ
must not be grounded. Further, power supply circuits and re-
ceptacles for portable electrically operated equipment used in
the CLWZ must not be grounded. Receptacles and their mat-
ing plugs must not have provisions for a grounding conductor
and must be configured to prevent their use for equipment
required to be grounded (2). Portable electrically operated
tools and equipment are required to be ungrounded to prevent
accidental cell line grounding paths and to prevent personnel
from being part of a circuit path from the cell line voltage
to ground. This requirement is also intended to prevent two
grounded portable devices from bridging across the cell circuit
positive to negative through their ground conductors. No
other power supply or receptacle circuits are allowed in the
CLWZ from any outside source while the circuit is energized.

Portable Nonelectrically Operated Tools and Equipment. Por-
table, nonelectrically operated tools and equipment pose simi-
lar concerns. Air or hydraulically operated tools and equip-
ment should have nonconductive supply hoses. Ferromagnetic
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materials should be avoided because of the difficulty of han-
dling these items in large magnetic fields. Hand tools should
be limited in length (4) to prevent bridging from cell to cell or
cell to ground.

Mobile Equipment. Mobile equipment, such as welding ma-
chines, wagons, carts, vehicles, and bicycles should be prohib-
ited from the CLWZ while the cell line is operating, unless
given specific permission by the appropriate operations and
electrical personnel.

Fixed Equipment. Fixed or permanently mounted electri-
cally operated equipment located in the CLWZ must be sup-
plied with an ungrounded supply and conductive surfaces
must not be grounded. Examples are motor frames, light fix-
tures, and monitoring equipment enclosures.

Ladders and Scaffolding. Portable ladders used in the CLWZ
must meet established specifications for being nonconductive
(14). With proper engineering supervision, wooden ladders
and scaffolding are permitted in the CLWZ. Then controls
must be in place to verify that the unit is appropriate for the
hazards involved and to prevent contamination during use.

Materials. Conductive materials that are part of mainte-
nance or improvement activities and are of sufficient length
to bridge from cell to cell, or cell to ground are not permitted
in the CLWZ while the circuit is energized.

Conductive Apparel. Clothing and other apparel worn in
the CLWZ must not bypass any protective measures used to
protect personnel. Clothing contaminated with conductive
fluids or solids can cause hazardous conditions by bypassing
nonconductive gloves or footwear. Jewelry and other conduc-
tive apparel may bypass protection and become the source of
arc faults. Jewelry and other conductive apparel are prohib-
ited from being worn in the CLWZ. The single exception is a
wedding ring, which must be properly insulated (3). Safety
glasses worn in the CLWZ must also be nonconductive or
plastic encapsulated.

Isolation and Insulation. Where possible and practical, per-
sonnel can be effectively safeguarded by isolating and insulat-
ing energized surfaces. When properly insulated or isolated to
prevent contact, the voltage hazard no longer exists. Although
impossible in most areas in the cell circuit, many areas can
be properly protected thereby significantly reducing exposure
of personnel. Process piping, structural members, and sup-
ports can be effectively insulated to prevent a conductive path
if contacted by an energized part. However, if insulating or
isolation methods are used, the integrity of these systems
must be verified regularly and any deficiencies corrected
when detected.

Nonqualified Personnel and Visitors. Nonqualified personnel
and occasional visitors must be personally escorted by a quali-
fied person while in the CLWZ. Such personnel and visitors
must be provided with and trained in the use of proper protec-
tive equipment for the hazards to which they are exposed.

Warning Signs. The boundaries of the CLWZ must be
clearly marked, and entrances to the CLWZ must be posted
with warning signs prohibiting unqualified persons from en-

tering. Warning signs for pacemaker wearers and for those
with ferromagnetic medical devices, clearly identifying the
hazards involved, must also be posed at entrances to the
CLWZ.

Administrative Controls

One of the most effective means of safeguarding personnel
exposed to electrical hazards in electrolytic cell facilities is to
establish an effective set of administrative controls. Safety by
design can eliminate the need for protective measures by
eliminating the hazard before the facility is constructed and
operated. Many of the work methods used in normal daily
activities can be made nonhazardous by removing exposure of
personnel or by greatly minimizing it. Where possible, work
can be scheduled when the circuit is deenergized and the bat-
tery effect is dissipated. Periodic inspections of insulating de-
vices, isolation means, protective equipment, and other re-
quirements must be properly administered and documented.
The establishment and strict enforcement of established
safety rules and policies and regulatory requirements are es-
sential to safe operation. Proper administrative control pro-
vides the means for meeting these requirements.

SUMMARY AND CONCLUSION

Electrical hazards in electrolytic cell facilities are unlike
those in any other industry. Maintenance and operating
methods in electrolytic cell facilities are unlike those in any
other industry. Activities that would be strictly prohibited
elsewhere are common practice and a part of normal daily
operation. Because of the unique nature of maintenance and
operating methods, exposure levels and the time of exposure
to these hazards are greatly increased. The proper adminis-
tration and management of the measures put in place to pro-
tect personnel against the electrical hazards associated with
electrolytic cell facilities are very effective in safely operating
facilities of this type.

AREAS FOR FUTURE STUDY

Dc Arc Flash Hazard Data

An analysis of electric arc flash hazards is an essential part
of determining all hazards present and how to protect against
them. Research and testing to date has been primarily in the
area of ac distribution equipment. Although comparisons can
be drawn and factors can be applied to reflect this information
into dc circuits, actual testing and research on high current
dc circuits is absent. The electrical safety community is
applying the ac information for this purpose and if anything,
the results are conservative. If error is present, it certainly is
correct to utilize results more conservative than not, but be-
cause this is a relatively little known area, more testing data
should be acquired to better define the actual hazard. On one
hand, the question arises as to whether or not adequate pro-
tection is being provided. On the other, whether the calcula-
tions are conservative enough that possibly no flash hazard
exists in most cases. Without the data the question remains.

Health Effects of Large Magnetic Fields

Information from the medical community is limited relating
to the short and long term health affects of exposure to high



magnetic fields and their affect on medical devices in the hu-
man body. Obviously because this issue is serious, pacemaker
wearers and those individuals with ferromagnetic medical de-
vices are prohibited from the CLWZ as a conservative mea-
sure. The exact allowable exposure limits for various im-
planted devices and for health in general is an area where
additional investigation is needed.

BIBLIOGRAPHY

1. IEEE Std. 463, IEEE Standard for Electrical Safety Practices in
Electrolytic Cell Line Working Zones, New York: IEEE, 1993.

2. Article 668, Electrolytic Cells, in The National Electrical Code,
1996 ed., Quincy, MA: National Fire Protection Assoc. (NFPA),
1996.

3. United States Department of Labor, Occupational Safety and
Health Administration, 29 CFR 1910 Subpart S, Electrical, 29
CFR 1910.331-335, Electrical Safety Related Work Practices,
Washington, DC: OSHA, 1990.

4. Pamphlet CI 139, Electrical Safety in Chlor-Alkali Cell Facilities,
ed. 3, Washington, DC: Chlorine Inst., 1998.

5. R. H. Lee, The Other Electrical Hazard: Electric Arc Blast Burns,
IEEE Trans. Ind. Appl., 1A-18: 1982.

6. S. Jamil, R. A. Jones, and L. B. McClung, Technical Paper PCIC-
95-34, Arc and Flash Burn Hazards at Various Levels of an Elec-
trical System, Petroleum Chemical Ind. Conf., Denver, CO, 1995.

7. NFPA 70E, Standard for Electrical Safety Requirements for Em-
ployee Workplaces, 1995 ed., Quincy, MA: National Fire Protec-
tion Assoc.

8. NFPA 497A, Recommended Practice for Classification of Class I
Hazardous (Classified) Locations for Electrical Installations in
Chemical Processing Areas, Quincy, MA: National Fire Protection
Assoc., 1992.

9. NFPA 497B, Recommended Practice for Classification of Class II
Hazardous (Classified) Locations for Electrical Installations in
Chemical Processing Areas, Quincy, MA: National Fire Protection
Assoc., 1991.

10. NFPA 497M, Manual for Classification of Gases, Vapors, and
Dusts for Electrical Equipment in Hazardous (Classified) Loca-
tions, Quincy, MA: National Fire Protection Assoc.

11. A. Bingham, R. Doughty, and T. Neal, Protective Clothing Guide-
lines for Electric Arc Exposure, Petroleum Chemical Ind. Conf.,
Philadelphia, PA, 1996.

12. ASTM D120, Standard Specification for Rubber Insulating Gloves,
1987; ASTM F1117, Standard Specification for Dielectric Overshoe
Footwear, 1987; ASTM Z41, Standard for Personnel Protection,
Protective Footwear, 1983; ASTM D1048, Standard Specifiation
for Rubber Insulation Blankets, 1993; ASTM D178, Standard
Specification for Rubber Insulating Matting, 1988; ASTM D1051,
Standard Specification for Rubber Insulating Sleeves, 1987; Phila-
delphia, PA, American Society Testing Materials.

13. ASTM F1506, Standard Performance Specification for Textile Ma-
terials for Wearing Apparel for Use by Electrical Workers Exposed
to Momentary Electric Arc and Related Thermal Hazards, Philadel-
phia, PA, American Society Testing Materials, 1994.

14. ANSI A14.5, Safety Requirement for Portable Reinforced Plastic
Ladders, New York: American National Standards Inst., 1982.

Reading List

S. Jamil, H. Landis-Floyd, and D. A. Pace, Effective Implementation
of Electrical Safety Regulations and Standards, Petroleum Chemi-
cal Ind. Conf., Bauff, Alberta, Canada, 1997.

ELECTROMAGNETIC FERRITE TILE ABSORBER 429

N. Eaton, G. O. Murison, and B. Speer, Specifying Rectifiers for Elec-
trochemical Applications, Petroleum Chemical Ind. Conf., Bauff,
Alberta, Canada, 1997.

Davip A. PACE
Olin Corporation

ELECTROMAGNETIC ABSORBER.

NETIC FERRITE TILE ABSORBER.

See ELECTROMAG-



