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Load shedding is a term used to describe the practice of trimming peak power demand to reduce
high-demand penalties. The goal of load shedding is to schedule the operation of nonessential equipment
so as to provide a uniform power load to the utility company and, thereby, a better kWh rate. Nearly any
operation has certain electric loads that can be rescheduled on a permanent basis or deferred as power
demand increases during the day. Figure 23.2 illustrates the results of a load-shedding program. This
more efficient operation has a lower overall peak demand and a higher average demand.

Peak demand reduction efforts can cover a wide range of possibilities. It would be unwise from an
energy standpoint, for example, to test high-power standby equipment on a summer afternoon, when
air-conditioning units may be in full operation. Morning or evening hours would be a better choice,
when the air-conditioning is off and the demand of office equipment is reduced. Each operation is
unique and requires an individual assessment of load-shedding options.

An automated power-demand controller provides an effective method of managing peak demand. A
controller can analyze the options available and switch loads as needed to maintain a relatively constant
power demand from the utility company. Such systems are programmed to recognize which loads have
priority and which loads are nonessential. Power demand then is automatically adjusted by the system,
based upon the rate schedule of the utility company. Many computerized demand control systems also
provide the customer a printout of the demand profile of the plant, further helping managers analyze and
reduce power costs. Figure 23.3 shows one such printout. Note that both energy demand and the costs for
that energy are provided.

23.4 Load Factor

The load factor on an electric utility company bill is a product of the peak demand and energy usage. It
usually is calculated and applied to the customer's bill each month. Reducing either the peak demand or
energy usage levels, or both, will decrease this added cost factor. Reducing power factor penalties also will
help to reduce load factor charges.

23.5 Power Factor

Power factor charges are the result of heavy inductive loading of the utility company system. A poor PF
will result in excessive losses along utility company feeder lines because more current is required to
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Figure 23.2 An example of the successful application of a load-shedding program. Energy usage has been spread

more evenly throughout the day, resulting in reduced demand and, consequently, a better rate from the utility
company.
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Figure 23.3 Printout of a facility power profile: (a) billing demand in kW, (b) cost in dollars per hour, (¢) demand
in kVAR. (After [6].)

supply a particular load with a low PF than would be demanded if the load had a PF close to unity. (The
technical aspects of power factor are discussed in Section 3.2.) The power factor charge is a penalty that
customers pay for the extra current needed to magnetize motors and other inductive loads. This magne-
tizing current does not show up on the service drop wattmeter. It is, instead, measured separately or pro-
rated as an additional charge to the customer. The power factor penalty sometimes can be reduced
through the addition of on-site PF correction capacitors.
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Power factor meters are available for measurement of a given load. It is usually less expensive in the
long run, however, to hire a local electrical contractor to conduct a PF survey and recommend correction
methods. Possible sources of PF problems include transmitters, blowers, air conditioners, heating equip-
ment, and fluorescent and high-intensity discharge lighting-fixture ballasts.
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Safety and Protection
Systems

24.1 Introduction

Safety is critically important to engineering personnel who work around powered hardware, especially if
they work under considerable time pressures. Safety is not something to be taken lightly. Life safety systems
are those designed to protect life and property. Such systems include emergency lighting, fire alarms, smoke
exhaust and ventilating fans, and site security.

24.1.1 Facility Safety Equipment

Personnel safety is the responsibility of the facility manager. Proper life safety procedures and equipment
must be installed. Safety-related hardware includes the following:

« Emergency power off (EPO) button. EPO pushbuttons are required by safety code for various types
of facilities, including data processing (DP) centers. One must be located at each principal exit from
the room. Other EPO buttons may be located near operator workstations. The EPO system, intended
only for emergencies, disconnects all power to the room, except for lighting.

+ Smoke detector. Two basic types of smoke detectors commonly are available. The first compares the
transmission of light through air in the room with light through a sealed optical path into which
smoke cannot penetrate. Smoke causes a differential or backscattering effect that, when detected,
triggers an alarm after a preset threshold has been exceeded. The second type of smoke detector senses
the ionization of combustion products rather than visible smoke. A mildly radioactive source, usually
nickel, ionizes the air passing through a screened chamber. A charged probe captures ions and detects
the small current that is proportional to the rate of capture. When combustion products or material
other than air molecules enter the probe area, the rate of ion production changes abruptly, generating
a signal that triggers the alarm.

+ Flame detector. The flame sensor responds not to heated surfaces or objects, but to infrared when it
flickers with the unique characteristics of a fire. Such detectors, for example, will respond to a lighted
match, but not to a cigarette. The ultraviolet light from a flame also is used to distinguish between
hot, glowing objects and open flame.

+ Halon. The Halon fire-extinguishing agent is a low-toxicity, compressed gas that is contained in
pressurized vessels. Discharge nozzles in data processing rooms and other types of equipment rooms
are arranged to dispense the entire contents of a central container or of multiple smaller containers
of Halon when actuated by a command from the fire control system. The discharge is sufficient to
extinguish flame and stop combustion of most flammable substances. Halon is one of the more
common fire-extinguishing agents used for DP applications. Halon systems usually are not practical,
however, in large, open-space facilities.

+ Water sprinkler. Although water is an effective agent against a fire, activation of a sprinkler system
will often cause damage to the equipment it is meant to protect. Interlock systems must drop all
power (except for emergency lighting) before the water system is discharged. Most water systems use
a two-stage alarm. Two or more fire sensors, often of different design, must signal an alarm condition
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before water is discharged into the protected area. Where sprinklers are used, floor drains and
EPO controls must be provided.

+ Fire damper. Dampers are used to block ventilating passages in strategic parts of the system when
a fire is detected. This prevents fire from spreading through the passages and keeps fresh air from
fanning the flames. A fire damper system, combined with the shutdown of cooling and ventilating
air, enables Halon to be retained in the protected space until the fire is extinguished.

Many life safety system functions can be automated. The decision of what to automate and what to
operate manually requires considerable thought. If the life safety control panels are accessible to a large
number of site employees, most functions should be automatic. Alarm-silencing controls should be
maintained under lock and key. A mimic board can be used to readily identify problem areas. Figure
24.1 illustrates a well-organized life safety control system. Note that fire, HVAC (heating, ventilation, and
air-conditioning), security, and EPO controls all are readily accessible. Note also that operating instruc-
tions are posted for life safety equipment, and an evacuation route is shown. Important telephone
numbers are posted, and a direct-line telephone (not via the building switchboard) is provided. All
equipment is located adjacent to a lighted emergency exit door.

Life safety equipment must be maintained just as diligently as the systems that it protects. Conduct
regular tests and drills. It is, obviously, not necessary or advisable to discharge Halon or water during a
drill.

Configure the life safety control system to monitor not only the premises for dangerous conditions,
but also the equipment designed to protect the facility. Important monitoring points include HVAC
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Figure 24.1 A well-organized life safety control station. (After [1].)
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machine parameters, water or Halon pressure, emergency battery-supply status, and other elements of
the system that could compromise the ability of life safety equipment to carry out its functions. Basic
guidelines for life safety systems include the following:

Carefully analyze the primary threats to life and property within the facility. Develop contingency
plans to meet each threat.

Prepare a life safety manual, and distribute it to all employees at the facility. Require them to read it.

Conduct drills for employees at random times without notice. Require acceptable performance
from employees.

Prepare simple, step-by-step instructions on what to do in an emergency. Post the instructions in
a conspicuous place.

Assign after-hours responsibility for emergency situations. Prepare a list of supervisors that oper-
ators should contact if problems arise. Post the list with phone numbers. Keep the list accurate
and up-to-date. Always provide the names of three individuals who can be contacted in an

emergency.

Work with a life safety consultant to develop a coordinated control and monitoring system for
the facility. Such hardware will be expensive, but it must be provided. The facility may be able to
secure a reduction in insurance rates if comprehensive safety efforts can be demonstrated.

Interface the life safety system with automatic data-logging equipment so that documentation can
be assembled on any event.

Insist upon complete, up-to-date schematic diagrams for all hardware at the facility. Insist that
the diagrams include any changes made during installation or subsequent modification.

Provide sufficient emergency lighting.

Provide easy-access emergency exits.

The importance of providing standby power for sensitive loads at commercial and industrial facili-
ties has been outlined previously. It is equally important to provide standby power for life safety systems.
A lack of ac power must not render the life safety system inoperative. Sensors and alarm control units
should include their own backup battery supplies. In a properly designed system, all life safety equipment
will be fully operational despite the loss of all ac power to the facility, including backup power for sensi-
tive loads.

Place cables linking the life safety control system with remote sensors and actuators in separate con-
duit containing only life safety conductors. Study the National Electrical Code and all applicable local
and federal codes relating to safety. Follow them to the letter.

24.2 Electric Shock

It takes surprisingly little current to injure a person. Studies at Underwriters Laboratories (UL) show that
the electrical resistance of the human body varies with the amount of moisture on the skin, the muscular
structure of the body, and the applied voltage. The typical hand-to-hand resistance ranges from 500 Q to
600 k€2, depending on the conditions. Higher voltages have the capability to break down the outer layers
of the skin, which can reduce the overall resistance value. UL uses the lower value, 500 Q, as the standard
resistance between major extremities, such as from the hand to the foot. This value generally is consid-
ered the minimum that would be encountered. In fact, it may not be unusual because wet conditions or a
cut or other break in the skin significantly reduces human body resistance.

24.2.1 Effects on the Human Body

Table 24.1 lists some effects that typically result when a person is connected across a current source with a
hand-to-hand resistance of 2.4 kQ. The table shows that a current of 50 mA will flow between the hands,
if one hand is in contact with a 120 V ac source and the other hand is grounded. The table also indicates
that even the relatively small current of 50 mA can produce ventricular fibrillation of the heart, and

© 2007 by Taylor & Francis Group, LLC



354 AC Power Systems Handbook

Table 24.1 The Effects of Current on the Human Body

1 mA or less No sensation, not felt
More than 3 mA Painful shock
More than 10 mA Local muscle contractions, sufficient to cause “freezing” to the circuit for 2.5%

of the population

More than 15 mA Local muscle contractions, sufficient to cause “freezing” to the circuit for 50%
of the population

More than 30 mA Breathing is difficult, can cause unconsciousness

50 to 100 mA Possible ventricular fibrillation of the heart

100 to 200 mA Certain ventricular fibrillation of the heart

More than 200 mA Severe burns and muscular contractions; heart more apt to stop than to go into
fibrillation

More than a few amperes Irreparable damage to body tissues

maybe even cause death. Medical literature describes ventricular fibrillation as very rapid, uncoordinated
contractions of the ventricles of the heart, resulting in loss of synchronization between heartbeat and
pulse beat. The electrocardiograms shown in Figure 24.2 compare a healthy heart rhythm with one in
ventricular fibrillation. Unfortunately, once ventricular fibrillation occurs, it will continue. Barring resus-
citation techniques, death will ensue within a few minutes.

The route taken by the current through the body greatly affects the degree of injury. Even a small
current, passing from one extremity through the heart to another extremity, is dangerous and capable of
causing severe injury or electrocution. There are cases in which a person has contacted extremely high
current levels and lived to tell about it. However, when this happens, it is usually because the current
passes only through a single limb and not through the entire body. In these instances, the limb is often
lost but the person survives.

Current is not the only factor in electrocution. Figure 24.3 summarizes the relationship between
current and time on the human body. The graph shows that 100 mA flowing through an adult human
body for 2 s will cause death by electrocution. An important factor in electrocution, the let-go range, also
is shown on the graph. This point marks the amount of current that causes freezing, or the inability to let
go of a conductor. At 10 mA, 2.5% of the population would be unable to let go of a live conductor; at 15
mA, 50% of the population would be unable to let go of an energized conductor. It is apparent from the
graph that even a small amount of current can freeze someone to a conductor. The objective for those
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Figure 24.2 Electrocardiogram traces: (a) healthy heart rhythm, (b) ventricular fibrillation of the heart.
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Figure 24.3 Effects of electric current and time on the human body. Note the “let-go” range.

who must work around electric equipment is to protect themselves from electric shock. Table 24.2 lists
required precautions for maintenance personnel working near high voltages.

24.2.2 Circuit-Protection Hardware

A common primary panel or equipment circuit breaker or fuse will not protect an individual from elec-
trocution. However, the ground-fault current interrupter (GFCI), used properly, can help prevent electro-
cution. Shown in Figure 24.4, the GFCI works by monitoring the current being applied to the load. It

Table 24.2 Required Safety Practices for Engineers Working around High-Voltage Equipment

v Remove all ac power from the equipment. Do not rely on internal contactors or SCRs to remove
dangerous ac.

Trip the appropriate power-distribution circuit breakers at the main breaker panel.
Place signs as needed to indicate that the circuit is being serviced.
Switch the equipment being serviced to the local control mode as provided.

Discharge all capacitors using the discharge stick provided by the manufacturer.

NN NSNS

Do not remove, short-circuit, or tamper with interlock switches on access covers, doors, enclosures,
gates, panels, or shields.

N

Keep away from live circuits.

N

Allow any component to cool completely before attempting to replace it.

If a leak or bulge is found on the case of an oil-filled or electrolytic capacitor, do not attempt to
service the part until it has cooled completely.

Know which parts in the system contain PCBs. Handle them appropriately.
Minimize exposure to RF radiation.

Avoid contact with hot surfaces within the system.

AN NI NN

Do not take chances.
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Differential transformer continuously monitors circuit to ensure that all
current that flows out to motor or appliances returns to the source via
the circuit conductors. If any current leaks to a fault, the sensing circuit
opens the circuit breaker and stops all current flow.

.
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Figure 24.4 Basic design of a ground-fault current interrupter (GFCI).

uses a differential transformer that senses an imbalance in load current. If a current (typically 5 mA, * 1
mA on a low-current 120 V ac line) begins flowing between the neutral and ground or between the hot
and ground leads, the differential transformer detects the leakage and opens the primary circuit (typically
within 2.5 ms).

Occupational Safety and Health Administration (OSHA) rules specify that temporary receptacles
(those not permanently wired) and receptacles typically used on construction sites be equipped with
GFCI protection. Receptacles on two-wire, single-phase portable and vehicle-mounted generators of not
more than 5 kW, where the generator circuit conductors are insulated from the generator frame and all
other grounded surfaces, need not be equipped with GFCI outlets.

GFClIs will not protect a person from every type of electrocution. If you become connected to both
the neutral and the hot wire, the GFCI will treat you as if you are merely a part of the load and will not
open the primary circuit.

For large, three-phase loads, detecting ground currents and interrupting the circuit before injury or
damage can occur is a more complicated proposition. The classic method of protection involves the use
of a zero-sequence current transformer (CT). Such devices are basically an extension of the single-phase
GFCI circuit shown in Figure 24.4. Three-phase CTs have been developed to fit over bus ducts, switch-
board buses, and circuit-breaker studs. Rectangular core-balanced CTs are able to detect leakage currents
as small as several milliamperes when the system carries as much as 4 kA. “Doughnut-type” toroidal
zero-sequence CTs also are available in varying diameters.

The zero-sequence current transformer is designed to detect the magnetic field surrounding a group
of conductors. As shown in Figure 24.5, in a properly operating three-phase system, the current flowing
through the conductors of the system, including the neutral, goes out and returns along those same con-
ductors. The net magnetic flux detected by the CT is zero. No signal is generated in the transformer
winding, regardless of current magnitudes — symmetrical or asymmetrical. If one phase conductor is
faulted to ground, however, the current balance will be upset. The ground-fault-detection circuit then
will trip the breaker and open the line.

For optimum protection in a large facility, GFCI units are placed at natural branch points of the ac
power system. It is, obviously, preferable to lose only a small portion of a facility in the event of a ground
fault than it is to have the entire plant dropped. Figure 24.6 illustrates such a distributed system. Sensors
are placed at major branch points to isolate any ground fault from the remainder of the distribution net-
work. In this way, the individual GFCI units can be set for higher sensitivity and shorter time delays than
would be practical with a large, distributed load. The technology of GFCI devices has improved

© 2007 by Taylor & Francis Group, LLC



Safety and Protection Systems 357

oA
oB
oC
Build Neutral
_rL—Building
— ground
Circuit To shunt trip
breaker H%_ ————————————— -

Zero-sequence

N\~

current
transformer
oA | 0B |oC Neutral
———
|
L
= Load

Figure 24.5 Ground-fault detection in a three-phase ac system.
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Figure 24.6 Ground-fault protection system for a large, multistory building.

significantly within the past few years. New integrated circuit devices and improved CT designs have pro-
vided improved protection components at a lower cost.

Sophisticated GFCI monitoring systems are available that analyze ground-fault currents and isolate
the faulty branch circuit. This feature prevents needless tripping of GFCI units up the line toward the
utility service entrance. For example, if a ground fault is sensed in a fourth-level branch circuit, the GFCI
system controller automatically locks out first-, second-, and third-level devices from operating to clear
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the fault. The problem, therefore, is safely confined to the fourth-level branch. The GECI control system
is designed to operate in a fail-safe mode. In the event of a control-system shutdown, the individual GFCI
trip relays would operate independently to clear whatever fault currents may exist.

Any facility manager would be well-advised to hire an experienced electrical contractor to conduct a
full ground-fault protection study. Direct the contractor to identify possible failure points and to recom-
mend corrective actions.

An extensive discussion of GFCI principals and practices can be found in Reference 2.

24.2.3 Working with High Voltage

Rubber gloves are a common safety measure used by engineers working on high-voltage equipment.
These gloves are designed to provide protection from hazardous voltages when the wearer is working on
“hot” circuits. Although the gloves may provide some protection from these hazards, placing too much
reliance on them poses the potential for disastrous consequences. There are several reasons why gloves
should be used only with a great deal of caution and respect. A common mistake made by engineers is to
assume that the gloves always provide complete protection. The gloves found in some facilities may be
old and untested. Some may even have been “repaired” by users, perhaps with electrical tape. Few tools
could be more hazardous than such a pair of gloves.

Know the voltage rating of the gloves. Gloves are rated differently for ac and dc voltages. For
instance, a class 0 glove has a minimum dc breakdown voltage of 35 kV; the minimum ac breakdown volt-
age, however, is only 6 kV. Furthermore, high-voltage rubber gloves are not tested at RF frequencies, and
RF can burn a hole in the best of them. Working on live circuits involves much more than simply wearing
a pair of gloves. It involves a frame of mind — an awareness of everything in the area, especially ground
points.

Gloves alone may not be enough to protect an individual in certain situations. Recall the axiom of
keeping one hand in your pocket while working on a device with current flowing? The axiom actually is
based on simple electricity. It is not just the hot connection that causes the problem; it is the ground con-
nection that permits current flow. Studies have showed that more than 90% of electric equipment fatali-
ties occurred when the grounded person contacted a live conductor. Line-to-line electrocution accounted
for less than 10% of the deaths.

When working around high voltages, always look for grounded surfaces — and keep away from
them. Even concrete can act as a ground if the voltage is high enough. If work must be conducted in live
cabinets, consider using — in addition to rubber gloves — a rubber floor mat, rubber vest, and rubber
sleeves. Although this may seem to be a lot of trouble, consider the consequences of making a mistake. Of
course, the best troubleshooting methodology is never to work on any circuit unless you are sure no haz-
ardous voltages are present. In addition, any circuits or contactors that normally contain hazardous volt-
ages should be grounded firmly before work begins.

Another important safety rule is to never work alone. Even if a trained assistant is not available when
maintenance is performed, someone should accompany you and be available to help in an emergency.

24.2.4 First Aid Procedures

Be familiar with first aid treatment for electric shock and burns. Always keep a first aid kit on hand at the
facility. Figure 24.7 illustrates the basic treatment for electric shock victims. Copy the information, and
post it in a prominent location. Better yet, obtain more detailed information from your local heart asso-
ciation or Red Cross chapter. Personalized instruction on first aid usually is available locally. Table 24.3
lists basic first aid procedures for burns.

For electric shock, the best first aid is prevention. In the event that an individual has sustained or is
sustaining an electric shock at the work place, several guidelines are suggested, as detailed next.
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Treatment of electrical shock
1. If victim is not responsive, follow the A-B-Cs of basic life support

A Airway

If unconscious open airway

N

),

o Lift up neck
® Push forehead back

o Clear out mouth if necessary
® Observe for breathing

B Breathing
If not breathing begin artificial breathing

o Tilt head Check carotid pulse.
e Pinch nostrils If pulse absent.

o Make airtight seal Begin artificial

4 quick full breaths circulation.

Remember, mouth to mouth resuscitation
must be commenced as soon as possible

C Circulation
Depress sternum
1% to 2 inches

ﬂfm mf
ﬂ&k&k&

One rescuer:
15 compressions. 2 quick
breaths approx. Rate of
compressions — 80 per minute

Two rescuers:

5 compressions. 1 breath
approx. Rate of compressions
— 60 per minute
Do not interrupt the rhythm of
compressions when a second person is giving breath

2. If victim is responsive, keep him warm and quiet,

loosen clothing and place in reclining position.
Place victim flat on his back on a hard surface
call for medical assistance as soon as possible.

Figure 24.7 Basic first aid treatment for electric shock.
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Table 24.3 Basic First Aid Procedures

For extensively burned and broken skin:
v Cover affected area with a clean sheet or cloth.
Do not break blisters, remove tissue, remove adhered particles of clothing, or apply any salve or ointment.
Treat victim for shock as required.
Arrange for transportation to a hospital as quickly as possible.

If victim's arms or legs are affected, keep them elevated.

AN NN

If medical help will not be available within an hour and the victim is conscious and not vomiting, prepare a
weak solution of salt and soda. Mix 1 teaspoon of salt and 1/2-teaspoon of baking soda to each quart of tepid
water. Allow the victim to sip slowly about 4 oz (half a glass) over a period of 15 min. Discontinue fluid intake
if vomiting occurs. (Do not allow alcohol consumption.)

For less severe burns (first- and second-degree):
v Apply cool (not ice-cold) compresses using the cleanest available cloth article.
Do not break blisters, remove tissue, remove adhered particles of clothing, or apply salve or ointment.
Apply clean, dry dressing if necessary.
Treat victim for shock as required.

Arrange for transportation to a hospital as quickly as possible.

NN NSNS

If victim's arms or legs are affected, keep them elevated.

24.2.4.1 Shock in Progress

For the case when a co-worker is receiving an electric shock and cannot let go of the electrical source, the
safest action is to trip the circuit breaker that energizes the circuit involved, or to pull the power-line plug
on the equipment involved if the latter can be accomplished safely [2]. Under no circumstances should
the rescuer touch the individual who is being shocked, because the rescuer’s body may then also be in the
dangerous current path. If the circuit breaker or equipment plug cannot be located, then an attempt can
be made to separate the victim from the electrical source through the use of a nonconducting object such
as a wooden stool or a wooden broom handle. Use only an insulating object and nothing that contains
metal or other electrically conductive material. The rescuer must be very careful not to touch the victim
or the electrical source and thus become a second victim.

If such equipment is available, hot sticks used in conjunction with lineman’s gloves may be applied to
push or pull the victim away from the electrical source. Pulling the hot stick normally provides the great-
est control over the victim’s motion and is the safest action for the rescuer. After the electrical source has
been turned off, or the victim can be reached safely, immediate first aid procedures should be imple-
mented.

24.2.4.2 Shock No Longer in Progress

If the victim is conscious and moving about, have the victim sit down or lie down. Sometimes there is a
delayed reaction to an electrical shock that causes the victim to collapse. Call 911 or the appropriate
plant-site paramedic team immediately. If there is a delay in the arrival of medical personnel, check for
electrical burns. In the case of severe shock, there will normally be burns at a minimum of two sites: the
entry point for the current and the exit point(s). Cover the burns with dry (and sterile, preferably) dress-
ings. Check for possible bone fractures if the victim was violently thrown away from the electrical source
and possibly impacted objects in the vicinity. Apply splints as required if suitable materials are available
and you have appropriate training. Cover the victim with a coat or blanket if the environmental tempera-
ture is below room temperature, or the victim complains of feeling cold.

If the victim is unconscious, call 911 or the appropriate plant-site paramedic team immediately. In
the interim, check to see if the victim is breathing and if a pulse can be felt at either the inside of a wrist
above the thumb joint (radial pulse) or in the neck above and to either side of the Adam’s apple (carotid
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pulse). It is usually easier to feel the pulse in the neck as opposed to the wrist pulse, which may be weak.
The index and middle finger should be used to sense the pulse, and not the thumb. Many individuals
have an apparent thumb pulse that can be mistaken for the victim’s pulse. If a pulse can be detected but
the victim is not breathing, begin mouth-to-mouth respiration if you know how to do so. If no pulse can
be detected (presumably the victim will not be breathing), carefully move the victim to a firm surface and
begin cardiopulmonary resuscitation if you have been trained in the use of CPR. Respiratory arrest and
cardiac arrest are crisis situations. Because of loss of the oxygen supply to the brain, permanent brain
damage can occur after several minutes even if the victim is successfully resuscitated.

Ironically, the treatment for cardiac arrest induced by an electric shock is a massive countershock,
which causes the entire heart muscle to contract. The random and uncoordinated ventricular fibrillation
contractions (if present) are thus stilled. Under ideal conditions, normal heart rhythm is restored once
the shock current ceases. The countershock is generated by a cardiac defibrillator, various portable mod-
els of which are available for use by emergency medical technicians and other trained personnel.
Although portable defibrillators may be available at industrial sites where there is a high risk of electrical
shock to plant personnel, they should be used only by trained personnel. Application of a defibrillator to
an unconscious subject whose heart is beating can induce cardiac standstill or ventricular fibrillation, just
the conditions that the defibrillator was designed to correct.

24.3 Polychlorinated Biphenyls

Polychlorinated biphenyls (PCBs) belong to a family of organic compounds known as chlorinated hydro-
carbons. Virtually all PCBs in existence today have been synthetically manufactured. PCBs are of a heavy,
oil-like consistency and have a high boiling point, a high degree of chemical stability, low flammability,
and low electrical conductivity. These characteristics led to the past widespread use of PCBs in high-volt-
age capacitors and transformers. Commercial products containing PCBs were distributed widely from
1957 to 1977 under several trade names, including:

+ Aroclor

+ Pyroclor

+ Sanotherm
+ Pyranol

+ Askarel

Askarel also is a generic name used for nonflammable dielectric fluids containing PCBs. Table 24.4
lists some common trade names for Askarel. These trade names typically are listed on the nameplate of
a PCB transformer or capacitor.

24.3.1 Health Risk

PCBs are harmful because, once they are released into the environment, they tend not to break apart into
other substances. Instead, PCBs persist, taking several decades to slowly decompose. By remaining in the
environment, they can be taken up and stored in the fatty tissues of all organisms, from which they are
released slowly into the bloodstream. Therefore, because of the storage in fat, the concentration of PCBs
in body tissues can increase with time, even though PCB exposure levels may be quite low. This process is

Table 24.4 Commonly Used Names for PCB Insulating Material

Apirolio Abestol Askarel Aroclor B Chlorextol Chlophen
Chlorinol Clorphon Diaclor DK Dykanol EEC-18
Elemex Eucarel Fenclor Hyvol Inclor Inerteen
Kanechlor No-Flamol Phenodlor Pydraul Pyralene Pyranol
Pyroclor Sal-T-Kuhl Santothern FR Santovac Solvol Therminal
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called bioaccumulation. Furthermore, as PCBs accumulate in the tissues of simple organisms, which are
consumed by progressively higher organisms, the concentration increases. This process is referred to as
biomagnification. These two factors are especially significant because PCBs are harmful even at low levels.
Specifically, PCBs have been shown to cause chronic (long-term) toxic effects in some species of animals
and aquatic life. Well-documented tests on laboratory animals show that various levels of PCBs can cause
reproductive effects, gastric disorders, skin lesions, and cancerous tumors.

PCBs can enter the body through the lungs, the gastrointestinal tract, and the skin. After absorption,
PCBs are circulated in the blood throughout the body and stored in fatty tissues and skin, as well as in a
variety of organs, including the liver, kidneys, lungs, adrenal glands, brain, and heart.

The health risk lies not only in the PCB itself, but also in the chemicals developed when PCBs are
heated. Laboratory studies have confirmed that PCB by-products, including polychlorinated dibenzo-
furans (PCDFs) and polychlorinated dibenzo-p-dioxins (PCDDs), are formed when PCBs or chloroben-
zenes are heated to temperatures ranging from approximately 900 to 1300°F. Unfortunately, these
products are more toxic than PCBs themselves.

24.3.2 Governmental Action

The U.S. Congress took action to control PCBs in October 1975, by passing the Toxic Substances Control
Act (TSCA). A section of this law specifically directed the EPA to regulate PCBs. Three years later, the EPA
issued regulations to implement a congressional ban on the manufacture, processing, distribution, and
disposal of PCBs. Since that time, several revisions and updates have been issued by the EPA. One of these
revisions, issued in 1982, specifically addressed the type of equipment used in industrial plants. Failure to
properly follow the rules regarding the use and disposal of PCBs has resulted in high fines and some jail
sentences.

Although PCBs no longer are being produced for electric products in the U. S., significant numbers
still exist. The threat of widespread contamination from PCB fire-related incidents is one reason behind
the EPA's efforts to reduce the number of PCB products in the environment. The users of high-power
equipment are affected by the regulations primarily because of the widespread use of PCB transformers
and capacitors. These components usually are located in older (pre-1979) systems, so this is the first place
to look for them. However, some facilities also maintain their own primary power transformers. Unless
these transformers are of recent vintage, it is possible they too contain a PCB dielectric. Table 24.5 lists
the primary classifications of PCB devices.

24.3.3 PCB Components

The two most common PCB components are transformers and capacitors. A PCB transformer is one
containing at least 500 parts per million (ppm) PCBs in the dielectric fluid. An Askarel transformer gen-
erally has 600,000 ppm or more. A PCB transformer can be converted to a PCB-contaminated device (50
to 500 ppm) or a nonPCB device (less than 50 ppm) by being drained, refilled, and tested. The testing
must not take place until the transformer has been in service for a minimum of 90 days. Note that this is
not something that a maintenance technician can do. It is the exclusive domain of specialized remanufac-
turing companies.

PCB transformers must be inspected quarterly for leaks. However, if an impervious dike (sufficient
to contain all the liquid material) is built around the transformer, the inspections can be conducted
yearly. Similarly, if the transformer is tested and found to contain less than 60,000 ppm, a yearly inspec-
tion is sufficient. Failed PCB transformers cannot be repaired; they must be disposed of properly.

If a leak develops, it must be contained and daily inspections must begin. A cleanup must be initi-
ated as soon as possible, but no later than 48 hours after the leak is discovered. Adequate records must be
kept of all inspections, leaks, and actions taken for 3 years after disposal of the component. Combustible
materials must be kept a minimum of 5 m from a PCB transformer and its enclosure.
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Table 24.5 Definition of PCB Terms as Identified by the EPA
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Term

Definition

PCB

PCB article

PCB container

PCB article container

PCB equipment

PCB item

PCB transformer

PCB contaminated

Any chemical substance that is limited
to the biphenyl molecule that has
been chlorinated to varying degrees,
or any combination of substances that
contain such substances.

Any manufactured article, other than a
PCB container, that contains PCBs
and whose surface has been in direct
contact with PCBs.

A device used to contain PCBs or PCB
articles, and whose surface has been
in direct contact with PCBs.

A device used to contain PCB articles
or equipment, and whose surface has

not been in direct contact with PCBs.

Any manufactured item, other than a
PCB container or PCB article
container, which contains a PCB
article or other PCB equipment.

Any PCB article, PCB article container,
PCB container, or PCB equipment
that deliberately or unintentionally
contains, or has as a part of it, any
PCBs.

Any transformer that contains PCBs in

concentrations of 500 ppm or greater.

Any electric equipment that contains
more than 50 ppm, but less than 500
ppm, of PCBs. (Oil-filled electric
equipment other than circuit
breakers, reclosers, and cable whose
PCB concentration is unknown must
be assumed to be PCB-contaminated
electric equipment.)

PCB dielectric fluids, PCB heat-
transfer fluids, PCB hydraulic fluids,
2,2',4-trichlorobiphenyl

Capacitors, transformers, electric
motors, pumps, pipes

Packages, cans, bottles, bags, barrels,
drums, tanks

Packages, cans, bottles, bags, barrels,
drums, tanks

Microwave ovens, fluorescent light
ballasts, electronic equipment

See PCB article, PCB article container,
PCB container, and PCB equipment

High-power transformers

Transformers, capacitors, circuit
breakers, reclosers, voltage regulators,
switches, cable, electromagnets

As of October 1, 1990, the use of PCB transformers (500 ppm or greater) was prohibited in or near
commercial buildings with secondary voltages of 480 Vac or higher. The use of radial PCB transformers
was allowed if certain electrical protection was provided.

The EPA regulations also require that the operator notify others of the possible dangers. All PCB
transformers (including those in storage for reuse) must be registered with the local fire department.

Supply the following information:

* The location of the PCB transformer(s).
+ Address(es) of the building(s). For outdoor PCB transformers, provide the outdoor location.

+ Principal constituent of the dielectric fluid in the transformer(s).

+ Name and telephone number of the contact person in the event of a fire involving the equipment.

Any PCB transformers used in a commercial building must be registered with the building owner.

All owners of buildings within 30 m of such PCB transformers also must be notified. In the event of a
fire-related incident involving the release of PCBs, immediately notify the Coast Guard National Spill
Response Center at 1-800-424-8802. Also take appropriate measures to contain and control any possible
PCB release into water.
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Capacitors are divided into two size classes: large and small. The following are guidelines for classifi-
cation:

+ A PCB small capacitor contains less than 1.36 kg (3 1b) dielectric fluid. A capacitor having less
than 100 in® also is considered to contain less than 3 Ib dielectric fluid.

+ A PCB large capacitor has a volume of more than 200 in’® and is considered to contain more than
3 Ib dielectric fluid. Any capacitor having a volume from 100 to 200 in’ is considered to contain
3 b dielectric, provided the total weight is less than 9 Ib.

+ A PCB large low-voltage capacitor contains 3 Ib or more dielectric fluid and operates below 2 kV.

+ A PCB large high-voltage capacitor contains 3 Ib or more dielectric fluid and operates at 2 kV or
greater voltages.

The use, servicing, and disposal of PCB small capacitors is not restricted by the EPA unless there is
a leak. In that event, the leak must be repaired or the capacitor disposed of. Disposal can be performed
by an approved incineration facility, or the component can be placed in a specified container and buried
in an approved chemical waste landfill. Currently, chemical waste landfills are only for disposal of liquids
containing 50 to 500 ppm PCBs and for solid PCB debris. Items such as capacitors that are leaking oil
containing greater than 500 ppm PCBs should be taken to an EPA-approved PCB disposal facility.

24.3.4 Identifying PCB Components

The first task for the facility manager is to identify any PCB items on the premises. Equipment built after
1979 probably does not contain any PCB-filled devices. Even so, inspect all capacitors, transformers, and
power switches to be sure. A call to the manufacturer also may help. Older equipment (pre-1979) is more
likely to contain PCB transformers and capacitors. A liquid-filled transformer usually has cooling fins,
and the nameplate may provide useful information about its contents. If the transformer is unlabeled or
the fluid is not identified, it must be treated as a PCB transformer. Untested (not analyzed) mineral-oil-
filled transformers are assumed to contain at least 50 ppm, but less than 500 ppm, PCBs. This places
them in the category of PCB-contaminated electric equipment, which has different requirements than
PCB transformers. Older high-voltage systems are likely to include both large and small PCB capacitors.
Equipment rectifier panels, exciter/modulators, and power-amplifier cabinets may contain a significant
number of small capacitors. In older equipment, these capacitors often are Askarel-filled. Unless leaking,
these devices pose no particular hazard. If a leak does develop, follow proper disposal techniques. Also,
liquid-cooled rectifiers may contain Askarel. Even though their use is not regulated, treat them as a PCB
article, as if they contain at least 50 ppm PCBs. Never make assumptions about PCB contamination;
check with the manufacturer to be sure.

Any PCB article or container being stored for disposal must be date-tagged when removed and
inspected for leaks every 30 days. It must be removed from storage and disposed of within 1 year from the
date it was placed in storage. Items being stored for disposal must be kept in a storage facility meeting the
requirements of 40 Code of Federal Regulations (CFR), Part 761.65(b)(1) unless they fall under alterna-
tive regulation provisions. There is a difference between PCB items stored for disposal and those stored
for reuse. Once an item has been removed from service and tagged for disposal, it cannot be returned to
service.

24.3.5 Labeling PCB Components

After identifying PCB devices, proper labeling is the second step that must be taken by the facility man-
ager. PCB article containers, PCB transformers, and large high-voltage capacitors must be marked with a
standard 6-in. X 6-in. large marking label (ML) as shown in Figure 24.8. Equipment containing these
transformers or capacitors also should be marked. PCB large low-voltage (less than 2 kV) capacitors need
not be labeled until removed from service. If the capacitor or transformer is too small to hold the large
label, a smaller 1-in. % 2-in. label is approved for use. Labeling each PCB small capacitor is not required.
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Figure 24.8 Marking label (ML) used to identify PCB transformers and PCB large capacitors.

However, any equipment containing PCB small capacitors should be labeled on the outside of the cabinet
or on access panels. Properly label any spare capacitors and transformers that fall under the regulations.
Identify with the large label any doors, cabinet panels, or other means of access to PCB transformers. The
label must be placed so that it can be read easily by firefighters. All areas used to store PCBs and PCB
items for disposal must be marked with the large (6-in. X 6-in.) PCB label.

24.3.6 Record-Keeping

Inspections are a critical component in the management of PCBs. EPA regulations specify a number of
steps that must be taken and the information that must recorded. Table 24.6 summarizes the schedule
requirement, and Table 24.7 can be used as a checklist for each transformer inspection. This record must
be retained for 3 years. In addition to the inspection records, some facilities may need to maintain an
annual report. This report details the number of PCB capacitors, transformers, and other PCB items on
the premises. The report must contain the dates when the items were removed from service, their dispo-
sition, and detailed information regarding their characteristics. Such a report must be prepared if the
facility uses or stores at least one PCB transformer containing greater than 500 ppm PCBs, 50 or more
PCB large capacitors, or at least 45 kg of PCBs in PCB containers. Retain the report for 5 years after the
facility ceases using or storing PCBs and PCB items in the prescribed quantities. Table 24.8 lists the infor-
mation required in the annual PCB report.

Table 24.6 The Inspection Schedule Required for PCB Transformers and Other Contaminated Devices

PCB Transformers Standard PCB transformer Quarterly
If full-capacity impervious dike is Annually
added

If retrofitted to < 60,000 ppm PCB Annually

If leak is discovered, clean up ASAP Daily
(retain these records for 3 years)

PCB article or container stored for disposal (remove and dispose of within 1 year) Monthly

Retain all records for 3 years after disposing of transformers.
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Table 24.7 Inspection Checklist for PCB Components

Transformer location:

Date of visual inspection:

Leak discovered? (Yes/No):

If yes, date discovered (if different from inspection date):
Location of leak:

Person performing inspection:

Estimate of the amount of dielectric fluid released from leak:
Date of cleanup, containment, repair, or replacement:

Description of cleanup, containment, or repair performed:

Results of any containment and daily inspection required for uncorrected active leaks:

Table 24.8 Required Information for PCB Annual Report

I. PCB device background information:
a. Dates when PCBs and PCB items are removed from service.
b. Dates when PCBs and PCB items are placed into storage for disposal and are placed into transport for disposal.

c. The quantities of the items removed from service, stored, and placed into transport are to be indicated using the
following breakdown:

(1) Total weight, in kilograms, of any PCB and PCB items in PCB containers, including identification of container
contents (such as liquids and capacitors).

(2) Total number of PCB transformers and total weight, in kilograms, of any PCBs contained in the transformers.
(3) Total number of PCB large high- or low-voltage capacitors.

I1. The location of the initial disposal or storage facility for PCBs and PCB items removed from service, and the name of
the facility owner or operator.

III. Total quantities of PCBs and PCB items remaining in service at the end of calendar year per the following breakdown:

a. Total weight, in kilograms, of any PCB and PCB items in PCB containers, including the identification of container
contents (such as liquids and capacitors).

b. Total number of PCB transformers and total weight, in kilograms, of any PCBs contained in the transformers.

c. Total number of PCB large high- or low-voltage capacitors.

24.3.7 Disposal

Disposing of PCBs is not a minor consideration. Before contracting with a company for PCB disposal,
verify its license with the area EPA office. That office also can supply background information on the
company’s compliance and enforcement history.

The fines levied for improper disposal are not mandated by federal regulations. Rather, the local EPA
administrator, usually in consultation with local authorities, determines the cleanup procedures and
costs. Civil penalties for administrative complaints issued for violations of the PCB regulations are deter-
mined according to a matrix provided in the PCB penalty policy. This policy, published in the Federal
Register, considers the amount of PCBs involved and the potential for harm posed by the violation.

24.3.8 Proper Management

Properly managing the PCB risk is not difficult. The keys are to understand the regulations and to follow
them carefully. A PCB management program should include the following steps:
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Locate and identify all PCB devices. Check all stored or spare devices.

Properly label PCB transformers and capacitors according to EPA requirements.

+ Perform the required inspections, and maintain an accurate log of PCB items, their location,
inspection results, and actions taken. These records must be maintained for 3 years after disposal
of the PCB component.

+ Complete the annual report of PCBs and PCB items by July 1 of each year. This report must be
retained for 5 years.

+ Arrange for any necessary disposal through a company licensed to handle PCBs. If there are any
doubts about the company’s license, contact the EPA.

+ Report the location of all PCB transformers to the local fire department and owners of any nearby

buildings.

The importance of following the EPA regulations cannot be overstated.

24.4 OSHA Safety Requirements

The federal government has taken a number of steps to help improve safety within the workplace. OSHA,
for example, helps industries to monitor and correct safety practices. The agency's records show that elec-
trical standards are among the most frequently violated of all safety standards. Table 24.9 lists 16 of the
most common electrical violations, which include these areas:

+ Protective covers

+ Identification and marking
+ Extension cords

+ Grounding

Table 24.9 Sixteen Common OSHA Violations (After [3].)

Fact Sheet
No. Subject NEC Reference
1 Guarding of live parts 110-17
2 Identification 110-22
3 Uses allowed for flexible cord 400-7
4 Prohibited uses of flexible cord 400-8
5 Pull at joints and terminals must be prevented 400-10
6-1 Effective grounding, Part 1 250-51
6-2 Effective grounding, Part 2 250-51
7 Grounding of fixed equipment, general 250-42
8 Grounding of fixed equipment, specific 250-43
9 Grounding of equipment connected by cord and plug 250-45
10 Methods of grounding, cord and plug-connected equipment 250-59
11 AC circuits and systems to be grounded 250-5
12 Location of overcurrent devices 240-24
13 Splices in flexible cords 400-9
14 Electrical connections 110-14
15 Marking equipment 110-21
16 Working clearances about electric equipment 110-16
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24.4.1 Protective Covers

Exposure of live conductors is a common safety violation. All potentially dangerous electric conductors
should be covered with protective panels. The danger is that someone can come into contact with the
exposed, current-carrying conductors. It also is possible for metallic objects such as ladders, cable, or
tools to contact a hazardous voltage, creating a life-threatening condition. Open panels also present a fire
hazard.

24.4.2 Identification and Marking

Properly identify and label all circuit breakers and switch panels. The labels for breakers and equipment
switches may be years old and may no longer describe the equipment that is actually in use. This confu-
sion poses a safety hazard. Improper labeling of the circuit panel can lead to unnecessary damage — or
worse, casualties — if the only person who understands the system is unavailable in an emergency. If
there are a number of devices connected to a single disconnect switch or breaker, provide a diagram or
drawing for clarification. Label with brief phrases, and use clear, permanent, and legible markings.

Equipment marking is a closely related area of concern. This is not the same thing as equipment
identification. Marking equipment means labeling the equipment breaker panels and ac disconnect
switches according to device rating. Breaker boxes should contain a nameplate showing the manufacturer
name, rating, and other pertinent electrical factors. The intent of this rule is to prevent devices from
being subjected to excessive loads or voltages.

24.4.3 Extension Cords

Extension (flexible) cords often are misused. Although it may be easy to connect a new piece of equip-
ment with a flexible cord, be careful. The National Electrical Code lists only eight approved uses for flexi-
ble cords.

The use of a flexible cord where the cable passes through a hole in the wall, ceiling, or floor is an
often-violated rule. Running the cord through doorways, windows, or similar openings also is prohib-
ited. A flexible cord should not be attached to building surfaces or concealed behind building walls or
ceilings. These common violations are illustrated in Figure 24.9.

Along with improper use of flexible cords, failure to provide adequate strain relief on connectors is a
common problem. Whenever possible, use manufactured cable connections.

24.4.4 Grounding

OSHA regulations describe two types of grounding: system grounding and equipment grounding. System

grounding actually connects one of the current-carrying conductors (such as the terminals of a supply

transformer) to ground. (See Figure 24.10.) Equipment grounding connects all the noncurrent-carrying

metal surfaces together and to ground. From a grounding standpoint, the only difference between a

grounded electrical system and an ungrounded electrical system is that the main-bonding jumper from

the service equipment ground to a current-carrying conductor is omitted in the ungrounded system.
The system ground performs two tasks:

« It provides the final connection from equipment-grounding conductors to the grounded circuit
conductor, thus completing the ground-fault loop.

« Itsolidly ties the electrical system and its enclosures to their surroundings (usually earth, structural
steel, and plumbing). This prevents voltages at any source from rising to harmfully high voltage-
to-ground levels.

It should be noted that equipment grounding — bonding all electric equipment to ground — is
required whether or not the system is grounded. System grounding should be handled by the electrical
contractor installing the power feeds.
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Figure 24.9 Flexible cord uses prohibited under NEC rules.
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Figure 24.10 Even though regulations have been in place for many years, OSHA inspections still uncover violations
in the grounding of primary electrical service systems.

Equipment grounding serves two important functions:

« It bonds all surfaces together so that there can be no voltage differences among them.
« It provides a ground-fault current path from a fault location back to the electrical source, so that
if a fault current develops, it will operate the breaker, fuse, or GFCI.

The National Electrical Code is complex, and it contains numerous requirements concerning electri-
cal safety. If the facility electric wiring system has gone through many changes over the years, have the
entire system inspected by a qualified consultant. The fact sheets listed in Table 24.9 provide a good start-
ing point for a self-evaluation. The fact sheets are available from any local OSHA office.

24.4.5 Management Responsibility

The key to operating a safe facility is diligent management. A carefully thought-out plan ensures a coor-
dinated approach to protecting staff members from injury and the facility from potential litigation. Facil-
ities that have effective accident-prevention programs follow seven basic guidelines. Although the details
and overall organization may vary from workplace to workplace, these practices — summarized in Table
24.10 — still apply.

If managers are concerned about safety, it is likely that employees also will be. Display safety pam-
phlets, and recruit employee help in identifying hazards. Reward workers for good safety performance.
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Table 24.10 Major Points to Consider when Developing a Facility Safety Program
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Management assumes the leadership role regarding safety policies.
Responsibility for safety- and health-related activities is clearly assigned.
Hazards are identified, and steps are taken to eliminate them.
Employees at all levels are trained in proper safety procedures.
Thorough accident/injury records are maintained.

Medical attention and first aid is readily available.

Employee awareness and participation is fostered through incentives and an ongoing,
high-profile approach to workplace safety.

Often, an incentive program will help to encourage safe work practices. Eliminate any hazards identified,
and obtain OSHA forms and any first aid supplies that would be needed in an emergency. The OSHA
Handbook for Small Business outlines the legal requirements imposed by the Occupational Safety and
Health Act of 1970. The handbook, which is available from OSHA, also suggests ways in which a com-
pany can develop an effective safety program.

Free on-site consultations also are available from OSHA. A consultant will tour the facility and
offer practical advice about safety. These consultants do not issue citations, propose penalties, or rou-
tinely provide information about workplace conditions to the federal inspection staff. Contact the
nearest OSHA office for additional information. Table 24.11 provides a basic checklist of safety points
for consideration.

Table 24.11 Sample Checklist of Important Safety Items

Refer regularly to this checklist to maintain a safe facility. For each category shown, be sure that:
Electrical Safety

NS SSSSSSSSNAS S

Fuses of the proper size have been installed.

All ac switches are mounted in clean, tightly closed metal boxes.

Each electrical switch is marked to show its purpose.

Motors are clean and free of excessive grease and oil.

Motors are maintained properly and provided with adequate overcurrent protection.
Bearings are in good condition.

Portable lights are equipped with proper guards.

All portable equipment is double-insulated or properly grounded.

The facility electrical system is checked periodically by a contractor competent in the NEC.

The equipment-grounding conductor or separate ground wire has been carried all the way back to the
supply ground connection.

All extension cords are in good condition, and the grounding pin is not missing or bent.

Ground-fault interrupters are installed as required.

Exits and Access

4
4
4

All exits are visible and unobstructed.
All exits are marked with a readily visible, properly illuminated sign.

There are sufficient exits to ensure prompt escape in the event of an emergency.

Fire Protection

D N NI NI N

Portable fire extinguishers of the appropriate type are provided in adequate numbers.
All remote vehicles have proper fire extinguishers.

Fire extinguishers are inspected monthly for general condition and operability, which is noted on the
inspection tag.
Fire extinguishers are mounted in readily accessible locations.

The fire alarm system is tested annually.
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Maintaining safety standards is difficult in any size organization. A written safety manual that has
specific practices and procedures for normal workplace hazards as well as the emergency-related hazards
you identify is a good idea and may lower your insurance rates [4]. If outside workers set foot in your
facility, prepare a special Safety Manual for Contractors. Include in it installation standards, compliance
with Lock-Out/Tag-Out, and emergency contact names, and phone numbers. Lock-Out/Tag-Out is a set of
standard safety policies that assure that energy is removed from equipment during installation and main-
tenance. It assures that every member of a work detail is clear before power is reapplied. Make sure out-
side contractors carry proper insurance and are qualified, licensed, or certified to do the work for which
you contract.

24.5 References

1. Federal Information Processing Standards Publication No. 94, Guideline on Electrical Power for
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25.1 Standard Electrical Units

25

Reference Data and
Tables

Name Symbol Quantity

ampere A electric current
ampere per meter A/m magnetic field strength
ampere per square meter A/m? current density
becquerel Bg activity (of a radionuclide)
candela cd luminous intensity
coulomb C electric charge
coulomb per kilogram Clkg exposure (x and gamma rays)
coulomb per square meter C/m? electric flux density
cubic meter m? volume

cubic meter per kilogram m¥/kg specific volume

degree Celsius °C Celsius temperature
farad F capacitance

farad per meter F/m permittivity

henry H inductance

henry per meter H/m permeability

hertz Hz frequency

joule J energy, work, quantity of heat
joule per cubic meter J/m? energy density

joule per Kelvin J/IK heat capacity

joule per kilogram K J/(kg*K) specific heat capacity
joule per mole J/mol molar energy

Kelvin K thermodynamic temperature
kilogram kg mass

kilogram per cubic meter kg/m? density, mass density
lumen Im luminous flux

lux Ix luminance

meter m length

meter per second m/s speed, velocity

meter per second squared m/s? acceleration

mole mol amount of substance
newton N force

newton per meter N/m surface tension

ohm Q electrical resistance
pascal Pa pressure, stress

pascal second Pass dynamic viscosity
radian rad plane angle

radian per second rad/s angular velocity
radian per second squared rad/s? angular acceleration
second s time

siemens S electrical conductance
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Name Symbol Quantity

square meter m? area

steradian st solid angle

tesla T magnetic flux density

volt \Y% electrical potential

volt per meter V/im electric field strength

watt w power, radiant flux

watt per meter Kelvin W/(m*K) thermal conductivity

watt per square meter W/m? heat (power) flux density

weber Wb magnetic flux

25.1.1 Standard Prefixes

Multiple Prefix Symbol
1018 exa E
10" peta P
10" tera T
10° giga G
106 mega M
10° kilo k
10? hecto h
10 deka da
10! deci d
10 centi c
107 milli m
10¢ micro u
10 nano n
102 pico P
101 femto f
1018 atto a
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25.1.2 Common Standard Units

Unit Symbol
centimeter cm
cubic centimeter cm?
cubic meter per second m’/s
gigahertz GHz
gram g
kilohertz kHz
kilohm kQ
kilojoule kJ
kilometer km
kilovolt kv
kilovoltampere kVA
kilowatt kw
megahertz MHz
megavolt MV
megawatt MW
megohm MQ
microampere uA
microfarad uF
microgram ug
microhenry uH
microsecond us
microwatt uw
milliampere mA
milligram mg
millihenry mH
millimeter mm
millisecond ms
millivolt mV
milliwatt mW
nanoampere nA
nanofarad nF
nanometer nm
nanosecond ns
nanowatt nW
picoampere pA
picofarad pF
picosecond ps
picowatt pW

© 2007 by Taylor & Francis Group, LLC



376

25.2 Reference Tables

AC Power Systems Handbook

25.2.1 Power Conversion Factors

dBm dBw Watts Multiple Prefix

+150 +120 1,000,000,000,000 1012 1 terawatt
+140 +110 100,000,000,000 101 100 gigawatts
+130 +100 10,000,000,000 1010 10 gigawatts
+120 +90 1,000,000,000 10° 1 gigawatt
+110 +80 100,000,000 108 100 megawatts
+100 +70 10,000,000 107 10 megawatts
+90 +60 1,000,000 100 1 megawatt
+80 +50 100,000 10° 100 kilowatts
+70 +40 10,000 10* 10 kilowatts
+60 +30 1,000 103 1 kilowatt
+50 +20 100 102 1 hectrowatt
+40 +10 10 10 1 decawatt
+30 0 1 1 1 watt

+20 -10 0.1 10! 1 deciwatt
+10 -20 0.01 107 1 centiwatt

0 -30 0.001 1073 1 milliwatt
-10 -40 0.0001 104 100 microwatts
-20 -50 0.00001 107 10 microwatts
-30 -60 0.000,001 106 1 microwatt
—40 -70 0.0,000,001 107 100 nanowatts
=50 -80 0.00,000,001 108 10 nanowatts
-60 -90 0.000,000,001 107 1 nanowatt
-70 -100 0.0,000,000,001 10-10 100 picowatts
-80 -110 0.00,000,000,001 101 10 picowatts
-90 -120 0.000,000,000,001 1012 1 picowatt
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25.2.2 Standing Wave Ratio

Reflection

SWR Coefficient Return Loss Power Ratio Percent Reflected
1.01:1 0.0050 46.1 dB 0.00002 0.002
1.02:1 0.0099 40.1 dB 0.00010 0.010
1.04:1 0.0196 34.2 dB 0.00038 0.038
1.06:1 0.0291 30.7 dB 0.00085 0.085
1.08:1 0.0385 28.3 dB 0.00148 0.148
1.10:1 0.0476 26.4 dB 0.00227 0.227
1.20:1 0.0909 20.8 dB 0.00826 0.826
1.30:1 0.1304 17.7 dB 0.01701 1.700
1.40:1 0.1667 15.6 dB 0.02778 2.800
1.50:1 0.2000 14.0 dB 0.04000 4.000
1.60:1 0.2308 12.7 dB 0.05325 5.300
1.70:1 0.2593 11.7 dB 0.06722 6.700
1.80:1 0.2857 10.9 dB 0.08163 8.200
1.90:1 0.3103 10.2 dB 0.09631 9.600
2.00:1 0.3333 9.5 dB 0.11111 11.100
2.20:1 0.3750 8.5 dB 0.14063 14.100
2.40:1 0.4118 7.7 dB 0.16955 17.000
2.60:1 0.4444 7.0 dB 0.19753 19.800
2.80:1 0.4737 6.5 dB 0.22438 22.400
3.00:1 0.5000 6.0 dB 0.25000 25.000
3.50:1 0.5556 5.1 dB 0.30864 30.900
4.00:1 0.6000 4.4 dB 0.36000 36.000
4.50:1 0.6364 3.9 dB 0.40496 40.500
5.00:1 0.6667 3.5 dB 0.44444 44.400
6.00:1 0.7143 2.9 dB 0.51020 51.000
7.00:1 0.7500 2.5 dB 0.56250 56.300
8.00:1 0.7778 2.2 dB 0.60494 60.500
9.00:1 0.8000 1.9 dB 0.64000 64.000
10.00:1 0.8182 1.7 dB 0.66942 66.900
15.00:1 0.8750 1.2 dB 0.76563 76.600
20.00:1 0.9048 0.9 dB 0.81859 81.900
30.00:1 0.9355 0.6 dB 0.87513 97.500
40.00:1 0.9512 0.4 dB 0.90482 90.500
50.00:1 0.9608 0.3 dB 0.92311 92.300
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25.2.3 Specifications of Standard Copper Wire Sizes

Turns per Linear Inch! Current-
Wire Size Diameter Circular Ohms per Carrying Diameter

(AWG) (mils) mil Area Enamel SCE DCC 100 ft? Capacity? (mm)
1 289.3 83810 — — — 0.1239 119.600 7.348
2 257.6 05370 — — — 0.1563 94.800 6.544
3 229.4 62640 — — — 0.1970 75.200 5.827
4 204.3 41740 — — — 0.2485 59.600 5.189
5 181.9 33100 — — — 0.3133 47.300 4.621
6 162.0 26250 — — — 0.3951 37.500 4.115
7 144.3 20820 — — — 0.4982 29.700 3.665
8 128.5 16510 7.6 — 7.1 0.6282 23.600 3.264
9 114.4 13090 8.6 — 7.8 0.7921 18.700 2.906
10 101.9 10380 9.6 9.1 8.9 0.9989 14.800 2.588
11 90.7 8234 10.7 — 9.8 1.2600 11.800 2.305
12 80.8 6530 12.0 11.3 10.9 1.5880 9.330 2.063
13 72.0 5178 13.5 — 12.8 2.0030 7.400 1.828
14 64.1 4107 15.0 14.0 13.8 2.5250 5.870 1.628
15 57.1 3257 16.8 — 14.7 3.1840 4.650 1.450
16 50.8 2583 18.9 17.3 16.4 4.0160 3.690 1.291
17 45.3 2048 21.2 — 18.1 5.0640 2.930 1.150
18 40.3 1624 23.6 21.2 19.8 6.3860 2.320 1.024
19 35.9 1288 26.4 — 21.8 8.0510 1.840 0.912
20 32.0 1022 29.4 25.8 23.8 10.1500 1.460 0.812
21 28.5 810 33.1 — 26.0 12.8000 1.160 0.723
22 253 642 37.0 31.3 30.0 16.1400 0.918 0.644
23 22.6 510 41.3 — 37.6 20.3600 0.728 0.573
24 20.1 404 46.3 37.6 35.6 25.6700 0.577 0.511
25 17.9 320 51.7 — 38.6 32.3700 0.458 0.455
26 15.9 254 58.0 46.1 41.8 40.8100 0.363 0.406
27 14.2 202 64.9 — 45.0 51.4700 0.288 0.361
28 12.6 160 72.7 54.6 48.5 64.9000 0.228 0.321
29 11.3 127 81.6 — 51.8 81.8300 0.181 0.286
30 10.0 101 90.5 64.1 55.5 103.2000 0.144 0.255
31 8.9 50 101.0 — 59.2 130.1000 0.114 0.227
32 8.0 63 113.0 74.1 61.6 164.1000 0.090 0.202
33 7.1 50 127.0 — 66.3 206.9000 0.072 0.180
34 6.3 40 143.0 86.2 70.0 260.9000 0.057 0.160
35 5.6 32 158.0 — 73.5 329.0000 0.045 0.143
36 5.0 25 175.0 103.1 T7.0 414.8000 0.036 0.127
37 4.5 20 198.0 — 80.3 523.1000 0.028 0.113
38 4.0 16 224.0 116.3 83.6 659.6000 0.022 0.101
39 3.5 12 248.0 — 86.6 831.8000 0.018 0.090

1. Based on 25.4 mm.
2. Ohms per 1000 ft measured at 20°C.
3. Current-carrying capacity at 700 cm/amp.
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25.2.4 Celsius-to-Fahrenheit Conversion Table

°Celsius °Fahrenheit °Celsius °Fahrenheit
=50 -58 125 257
—45 -49 130 266
—40 -40 135 275
=35 =31 140 284
=30 -22 145 293
=25 -13 150 302
-20 4 155 311
-15 5 160 320
-10 14 165 329
-5 23 170 338
0 32 175 347
5 41 180 356
10 50 185 365
15 59 190 374
20 68 195 383
25 77 200 392
30 86 205 401
35 95 210 410
40 104 215 419
45 113 220 428
50 122 225 437
55 131 230 446
60 140 235 455
65 149 240 464
70 158 245 473
75 167 250 482
80 176 255 491
85 185 260 500
90 194 265 509
95 203 270 518
100 212 275 527
105 221 280 536
110 230 285 545
115 239 290 554
120 248 295 563

379
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25.2.5 Inch-to-Millimeter Conversion Table

Inch 0 1/8 1/4 3/8 1/2 5/8 3/4 718 Inch
0 0.00 3.18 6.35 9.52 12.70 15.88 19.05 22.22 0
1 25.40 28.58 31.75 34.92 38.10 41.28 44.45 47.62 1
2 50.80 53.98 57.15 60.32 63.50 66.68 69.85 73.02 2
3 76.20 79.38 82.55 85.72 88.90 92.08 95.25 98.42 3
4 101.60 104.80 108.00 111.10 114.30 117.50 120.60 123.80 4
5 127.00 130.20 133.40 136.50 139.70 142.90 146.00 149.20 5
6 152.40 155.60 158.80 161.90 165.10 168.30 171.40 174.60 6
7 177.80 181.00 184.20 187.30 190.50 193.70 196.80 200.00 7
8 203.20 206.40 209.60 212.70 215.90 219.10 222.20 225.40 8
9 228.60 231.80 235.00 238.10 241.30 244.50 247.60 250.80 9
10 254.00 257.20 260.40 263.50 266.70 269.90 273.00 276.20 10
11 279.00 283.00 286.00 289.00 292.00 295.00 298.00 302.00 11
12 305.00 308.00 311.00 314.00 317.00 321.00 324.00 327.00 12
13 330.00 333.00 337.00 340.00 343.00 346.00 349.00 352.00 13
14 356.00 359.00 362.00 365.00 368.00 371.00 375.00 378.00 14
15 381.00 384.00 387.00 391.00 394.00 397.00 400.00 403.00 15
16 406.00 410.00 413.00 416.00 419.00 422.00 425.00 429.00 16
17 432.00 435.00 438.00 441.00 445.00 448.00 451.00 454.00 17
18 457.00 460.00 464.00 467.00 470.00 473.00 476.00 479.00 18
19 483.00 486.00 489.00 492.00 495.00 498.00 502.00 505.00 19
20 508.00 511.00 514.00 518.00 521.00 524.00 527.00 530.00 20
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25.2.6 Conversion of Millimeters to Decimal Inches

mm Inches mm Inches mm Inches
1 0.039370 46 1.811020 91 3.582670
2 0.078740 47 1.850390 92 3.622040
3 0.118110 48 1.889760 93 3.661410
4 0.157480 49 1.929130 94 3.700780
5 0.196850 50 1.968500 95 3.740150
6 0.236220 51 2.007870 96 3.779520
7 0.275590 52 2.047240 97 3.818890
8 0.314960 53 2.086610 98 3.858260
9 0.354330 54 2.125980 99 3.897630
10 0.393700 55 2.165350 100 3.937000
11 0.433070 56 2.204720 105 4133848
12 0.472440 57 2.244090 110 4.330700
13 0.511810 58 2.283460 115 4.527550
14 0.551180 59 2.322830 120 4.724400
15 0.590550 60 2.362200 125 4.921250
16 0.629920 61 2.401570 210 8.267700
17 0.669290 62 2.440940 220 8.661400
18 0.708660 63 2.480310 230 9.055100
19 0.748030 64 2.519680 240 9.448800

20 0.787400 65 2.559050 250 9.842500
21 0.826770 66 2.598420 260 10.236200
22 0.866140 67 2.637790 270 10.629900
23 0.905510 68 2.677160 280 11.032600
24 0.94438380 69 2.716530 290 11.417300
25 0.984250 70 2.755900 300 11.811000
26 1.023620 71 2.795270 310 12.204700
27 1.062990 72 2.834640 320 12.598400
28 1.102360 73 2.874010 330 12.992100
29 1.141730 74 2.913380 340 13.385800
30 1.181100 75 2.952750 350 13.779500
31 1.220470 76 2.992120 360 14.173200
32 1.259840 77 3.031490 370 14.566900
33 1.299210 78 3.070860 380 14.960600
34 1.338580 79 3.110230 390 15.354300
35 1.377949 80 3.149600 400 15.748000
36 1.417319 81 3.188970 500 19.685000
37 1.456689 82 3.228340 600 23.622000
38 1.496050 83 3.267710 700 27.559000
39 1.535430 84 3.307080 800 31.496000
40 1.574800 85 3.346450 900 35.433000
41 1.614170 86 3.385820 1000 39.370000
42 1.653540 87 3.425190 2000 78.740000
43 1.692910 88 3.464560 3000 118.110000
44 1.732280 89 3.503903 4000 157.480000
45 1.771650 90 3.543300 5000 196.850000
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25.2.7 Conversion of Common Fractions to Decimal and Millimeter Units

Common Decimal Common Decimal
Fractions Fractions mm (approx.) Fractions Fractions mm (appox.)

1/128 0.008 0.20 1/2 0.500 12.70
1/64 0.016 0.40 33/64 0.516 13.10
1/32 0.031 0.79 17/32 0.531 13.49
3/64 0.047 1.19 35/64 0.547 13.89
1/16 0.063 1.59 9/16 0.563 14.29
5/64 0.078 1.98 37/64 0.578 14.68
3/32 0.094 2.38 19/32 0.594 15.08
7164 0.109 2.78 39/64 0.609 15.48

1/8 0.125 3.18 5/8 0.625 15.88
9/64 0.141 3.57 41/64 0.641 16.27
5/32 0.156 3.97 21/32 0.656 16.67
11/64 0.172 4.37 43/64 0.672 17.07
3/16 0.188 4.76 11/16 0.688 17.46
13/64 0.203 5.16 45/64 0.703 17.86
7/32 0.219 5.56 23/32 0.719 18.26
15/64 0.234 5.95 47/64 0.734 18.65

1/4 0.250 6.35 3/4 0.750 19.05
17/64 0.266 6.75 49/64 0.766 19.45
9/32 0.281 7.14 25/32 0.781 19.84
19/64 0.297 7.54 51/64 0.797 20.24
5/16 0.313 7.94 13/16 0.813 20.64
21/64 0.328 8.33 53/64 0.828 21.03
11/32 0.344 8.73 27/32 0.844 21.43
23/64 0.359 9.13 55/64 0.859 21.83

3/8 0.375 9.53 718 0.875 22.23
25/64 0.391 9.92 57/64 0.891 22.62
13/32 0.406 10.32 29/32 0.906 23.02
27/64 0.422 10.72 59/64 0.922 23.42
7/16 0.438 11.11 15/16 0.938 23.81
29/64 0.453 11.51 61/64 0.953 24.21
15/32 0.469 11.91 31/32 0.969 24.61
31/64 0.484 12.30 63/64 0.984 25.00
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25.2.8 Decimal Equivalent Size of Drill Numbers

Decimal Decimal Decimal

Drill Number Equivalent Drill Number Equivalent Drill Number Equivalent
80 0.0135 53 0.0595 26 0.1470
79 0.0145 52 0.0635 25 0.1495
78 0.0160 51 0.0670 24 0.1520
77 0.0180 50 0.0700 23 0.1540
76 0.0200 49 0.0730 22 0.1570
75 0.0210 48 0.0760 21 0.1590
74 0.0225 47 0.0785 20 0.1610
73 0.0240 46 0.0810 19 0.1660
72 0.0250 45 0.0820 18 0.1695
71 0.0260 44 0.0860 17 0.1730
70 0.0280 43 0.0890 16 0.1770
69 0.0292 42 0.0935 15 0.1800
68 0.0310 41 0.0960 14 0.1820
67 0.0320 40 0.0980 13 0.1850
66 0.0330 39 0.0995 12 0.1890
65 0.0350 38 0.1015 11 0.1910
64 0.0360 37 0.1040 10 0.1935
63 0.0370 36 0.1065 9 0.1960
62 0.0380 35 0.1100 8 0.1990
61 0.0390 34 0.1110 7 0.2010
60 0.0400 33 0.1130 6 0.2040
59 0.0410 32 0.1160 5 0.2055
58 0.0420 31 0.1200 4 0.2090
57 0.0430 30 0.1285 3 0.2130
56 0.0465 29 0.1360 2 0.2210
55 0.0520 28 0.1405 1 0.2280
54 0.0550 27 0.1440

25.2.9 Decimal Equivalent Size of Drill Letters

Decimal Decimal Decimal

Letter Drill Equivalent Letter Drill Equivalent Letter Drill Equivalent
A 0.234 J 0.277 S 0.348
B 0.238 K 0.281 T 0.358
C 0.242 L 0.290 U 0.368
D 0.246 M 0.295 \Y% 0.377
E 0.250 N 0.302 W 0.386
F 0.257 (0] 0.316 X 0.397
G 0.261 P 0.323 Y 0.404
H 0.266 Q 0.332 Z 0.413
1 0.272 R 0.339
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Known Quantity Multiply by Quantity to Find
inches (in) 2.54 centimeters (cm)
feet (ft) 30 centimeters (cm)
yards (yd) 0.9 meters (m)
miles (mi) 1.6 kilometers (km)
millimeters (mm) 0.04 inches (in.)
centimeters (cm) 0.4 inches (in.)
meters (m) 3.3 feet (ft)
meters (m) 1.1 yards (yd)
kilometers (km) 0.6 miles (mi)
centimeters (cm) 10 millimeters (mm)
decimeters (dm) 10 centimeters (cm)
decimeters (dm) 100 millimeters (mm)
meters (m) 10 decimeters (dm)
meters (m) 1000 millimeters (mm)
dekameters (dam) 10 meters (m)
hectometers (hm) 10 dekameters (dam)
hectometers (hm) 100 meters (m)
kilometers (km) 10 hectometers (hm)
kilometers (km) 1000 meters (m)

25.2.11 Conversion Ratios for Area

Known Quantity Multiply by Quantity to Find
square inches (in.?) 6.5 square centimeters (cm?)
square feet (ft?) 0.09 square meters (m?)
square yards (yd?) 0.8 square meters (m?)
square miles (mi?) 2.6 square kilometers (km?)
acres 0.4 hectares (ha)
square centimeters 0.16 square inches (in.?)

(em?)
square meters (m?) 1.2 square yards (yd?)
square kilometers 0.4 square miles (mi?)
(km?)
hectares (ha) 2.5 acres
square centimeters 100 square millimeters (mm?)
(em?)
square meters (m?) 10,000 square centimeters (cm?)
square meters (m?) 1,000,000 square millimeters (mm?)
ares (a) 100 square meters (m?)
hectares (ha) 100 ares (a)
hectares (ha) 10,000 square meters (m?)
square kilometers 100 hectares (ha)
(km?)
square kilometers 1,000 square meters (m?)
(km?)
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25.2.12 Conversion Ratios for Mass

Known Quantity Multiply by Quantity to Find
ounces (0z) 28 grams (g)
pounds (Ib) 0.45 kilograms (kg)
tons 0.9 tonnes (t)
grams (g) 0.035 ounces (0z)
kilograms (kg) 2.2 pounds (Ib)
tonnes (t) 100 kilograms (kg)
tonnes (t) 1.1 tons
centigrams (cg) 10 milligrams (mg)
decigrams (dg) 10 centigrams (cg)
decigrams (dg) 100 milligrams (mg)
grams (g) 10 decigrams (dg)
grams (g) 1000 milligrams (mg)
dekagram (dag) 10 grams (g)
hectogram (hg) 10 dekagrams (dag)
hectogram (hg) 100 grams (g)
kilograms (kg) 10 hectograms (hg)
kilograms (kg) 1000 grams (g)

25.2.13 Conversion Ratios for Volume

Known Quantity Multiply by Quantity to Find
milliliters (ml) 0.03 fluid ounces (fl 0z)
liters (1) 2.1 pints (pt)
liters (1) 1.06 quarts (qt)
liters (1) 0.26 gallons (gal)
gallons (gal) 3.8 liters (1)
quarts (qt) 0.95 liters (1)
pints (pt) 0.47 liters (1)
cups (c) 0.24 liters (1)
fluid ounces (fl oz) 30 milliliters (ml)
teaspoons (tsp) 5 milliliters (ml)
tablespoons (tbsp) 15 milliliters (ml)
liters (1) 100 milliliters (ml)
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25.2.14 Conversion Ratios for Cubic Measure

Known Quantity Multiply by Quantity to Find
cubic meters (m?) 35 cubic feet (ft?)
cubic meters (m?) 1.3 cubic yards (yd?)
cubic yards (yd?) 0.76 cubic meters (m?)
cubic feet (ft?) 0.028 cubic meters (m?)
cubic centimeters (cm?) 1000 cubic millimeters (mm?)
cubic decimeters (dm?) 1000 cubic centimeters (cm?)
cubic decimeters (dm?) 1,000,000 cubic millimeters (mm?)
cubic meters (m?) 1000 cubic decimeters (dm?)
cubic meters (m?) 1 steres
cubic feet (ft?) 1728 cubic inches (in.%)
cubic feet (ft?) 28.32 liters (1)
cubic inches (in.?) 16.39 cubic centimeters (cm?)
cubic meters (m?) 264 gallons (gal)
cubic yards (yd?) 27 cubic feet (ft?)
cubic yards (yd?) 202 gallons (gal)
gallons (gal) 231 cubic inches (in.%)

25.2.15 Conversion Ratios for Electrical Quantities

Known Quantity Multiply by Quantity to Find
Btu per minute 0.024 horsepower (hp)
Btu per minute 17.57 watts (W)
horsepower (hp) 33,000 foot-pounds per min (ft-1b/min)
horsepower (hp) 746 watts (W)
kilowatts (kW) 57 Btu per minute
kilowatts (kW) 1.34 horsepower (hp)
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To Convert Into Multiply by
abcoulomb statcoulombs 2.998 x 10!
acre sq. chain (Gunters) 10
acre rods 160
acre square links (Gunters) 1 x10°
acre Hectare or sq. hectometer 0.4047
acre-feet cubic feet 43,560
acre-feet gallons 3.259 x 10°
acres sq. feet 43,560
acres sq. meters 4,047
acres sq. miles 1.562 x 1073
acres sq. yards 4,840
ampere-hours coulombs 3,600
ampere-hours faradays 0.03731
amperes/sq. cm amps/sq. in. 6.452
amperes/sq. cm amps/sq. meter 104
amperes/sq. in. amps/sq. cm 0.1550
amperes/sq. in. amps/sq. meter 1,550
amperes/sq. meter amps/sq. cm 10+
amperes/sq. meter amps/sq. in. 6.452 x 10
ampere-turns gilberts 1.257
ampere-turns/cm amp-turns/in. 2.540
ampere-turns/cm amp-turns/meter 100
ampere-turns/cm gilberts/cm 1.257
ampere-turns/in. amp-turns/cm 0.3937
ampere-turns/in. amp-turns/m 39.37
ampere-turns/in. gilberts/cm 0.4950
ampere-turns/meter amp-turns/cm 0.01
ampere-turns/meter amp-turns/in. 0.0254
ampere-turns/meter gilberts/cm 0.01257
Angstrom unit in. 3937 x 107
Angstrom unit meters 1 x 10710
Angstrom unit micron or (Mu) 1x10*
are acres (U.S.) 0.02471
ares sq. yards 119.60
ares acres 0.02471
ares sq. meters 100
astronomical unit kilometers 1.495 x 108
atmospheres ton/sq. in. 0.007348
atmospheres cm of mercury 76.0
atmospheres ft of water (at 4°C) 33.90
atmospheres in. of mercury (at 0°C) 29.92
atmospheres kg/sq. cm 1.0333
atmospheres kg/sq. m 10,332
atmospheres pounds/sq. in. 14.70
atmospheres tons/sq. ft 1.058
barrels (U.S., dry) cubic in. 7056
barrels (U.S., dry) quarts (dry) 105
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barrels (U.S., liquid) gallons 315
barrels (oil) gallons (oil) 42.0
bars atmospheres 0.9869
bars dynes/sq. cm 104
bars kg/sq. m 1.020 x 10*
bars pounds/sq. ft 2,089
bars pounds/sq. in. 14.50
baryl dyne/sq. cm 1.000
bolt (U.S. cloth) meters 36.576
Btu liter-atmosphere 10.409
Btu ergs 1.0550 x 1010
Btu foot-pounds 778.3
Btu gram-calories 252.0
Btu horsepower-hr 3.931 x 10
Btu joules 1,054.8
Btu kilogram-calories 0.2520
Btu kilogram-meters 107.5
Btu kilowatt-hr 2,928 x 10
Btu/hr foot-pounds/s 0.2162
Btu/hr gram-calories/s 0.0700
Btu/hr horsepower-hr 3.929 x 10
Btu/hr watts 0.2931
Btu/min foot-1b/s 12.96
Btu/min horsepower 0.02356
Btu/min kilowatts 0.01757
Btu/min watts 17.57
Btu/sq. ft/min watts/sq. in. 0.1221
bucket (br. dry) cubic cm 1.818 x 10*
bushels cubic ft 1.2445
bushels cubic in. 2,150.4
bushels cubic m 0.03524
bushels liters 35.24
bushels pecks 4.0
bushels pints (dry) 64.0
bushels quarts (dry) 32.0
calories, gram (mean) Btu (mean) 3.9685 x 1073
candle/sq. cm Lamberts 3.142
candle/sq. in. Lamberts 0.4870
centares (centiares) sq. meters 1.0
Centigrade Fahrenheit (C°x9/5) + 32
centigrams grams 0.01
centiliter ounce fluid (U.S.) 0.3382
centiliter cubic in. 0.6103
centiliter drams 2.705
centiliter liters 0.01
centimeter feet 3.281 x 107
centimeter inches 0.3937
centimeter kilometers 10-°
centimeter meters 0.01
centimeter miles 6.214 x 10-°
centimeter millimeters 10.0
centimeter mils 393.7
centimeter yards 1.094 x 1072
centimeter-dynes cm-grams 1.020 x 107
centimeter-dynes meter-kg 1.020 x 107
centimeter-dynes pound-ft 7.376 X 108
centimeter-grams cm-dynes 980.7
centimeter-grams meter-kg 107
centimeter-grams pound-ft 7.233 X 107
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centimeters of mercury atmospheres 0.01316
centimeters of mercury feet of water 0.4461
centimeters of mercury kg/sq. meter 136.0
centimeters of mercury pounds/sq. ft 27.85
centimeters of mercury pounds/sq. in. 0.1934
centimeters/sec feet/min 1.9686
centimeters/sec feet/sec 0.03281
centimeters/sec kilometers/hr 0.036
centimeters/sec knots 0.1943
centimeters/sec meters/min 0.6
centimeters/sec miles/hr 0.02237
centimeters/sec miles/min 3.728 x 10
centimeters/sec/sec feet/sec/sec 0.03281
centimeters/sec/sec km/hr/sec 0.036
centimeters/sec/sec meters/sec/sec 0.01
centimeters/sec/sec miles/hr/sec 0.02237
chain in. 792.00
chain meters 20.12
chains (surveyor’s or Gunter’s) yards 22.00
circular mils sq. cm 5.067 x 10-°
circular mils sq. mils 0.7854
circular mils sq. in. 7.854 x 1077
circumference radians 6.283
cord feet cubic feet 16
cords cord feet 8
coulomb statcoulombs 2.998 x 10°
coulombs faradays 1.036 x 107
coulombs/sq. cm coulombs/sq. in. 64.52
coulombs/sq. cm coulombs/sq. meter 10*
coulombs/sq. in. coulombs/sq. cm 0.1550
coulombs/sq. in. coulombs/sq. meter 1,550
coulombs/sq. meter coulombs/sq. cm 10
coulombs/sq. meter coulombs/sq. in. 6.452 x 10
cubic centimeters cubic feet 3.531 x 10~°
cubic centimeters cubic in. 0.06102
cubic centimeters cubic meters 10-¢
cubic centimeters cubic yards 1.308 x 10°°
cubic centimeters gallons (U.S. liq.) 2.642 x 10
cubic centimeters liters 0.001
cubic centimeters pints (U.S. liq.) 2.113 x 1073
cubic centimeters quarts (U.S. liq.) 1.057 x 1073
cubic feet bushels (dry) 0.8036
cubic feet cubic cm 28,320.0
cubic feet cubic in. 1,728.0
cubic feet cubic meters 0.02832
cubic feet cubic yards 0.03704
cubic feet gallons (U.S. liq.) 7.48052
cubic feet liters 28.32
cubic feet pints (U.S. liq.) 59.84
cubic feet quarts (U.S. liq.) 29.92
cubic feet/min cubic cm/sec 472.0
cubic feet/min gallons/sec 0.1247
cubic feet/min liters/sec 0.4720
cubic feet/min pounds of water/min 62.43
cubic feet/sec million gal/day 0.646317
cubic feet/sec gallons/min 448.831
cubic in. cubic cm 16.39
cubic in. cubic feet 5.787 x 10~
cubic in. cubic meters 1.639 X 10°°
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cubic in. cubic yards 2.143 x 107°
cubic in. gallons 4.329 x 107
cubic in. liters 0.01639
cubic in. mil-feet 1.061 x 10°
cubic in. pints (U.S. liq.) 0.03463
cubic in. quarts (U.S. lig.) 0.01732
cubic in. bushels (dry) 28.38
cubic in. cubic cm 10°
cubic in. cubic feet 35.31
cubic in. cubic in. 61,023.0
cubic in. cubic yards 1.308
cubic in. gallons (U.S. liq.) 264.2
cubic in. liters 1,000
cubic in. pints (U.S. liq.) 2,113
cubic in. quarts (U.S. lig.) 1,057
cubic yards cubic cm 7.646 x 10°
cubic yards cubic feet 27.0
cubic yards cubic in. 46,656.0
cubic yards cubic meters 0.7646
cubic yards gallons (U.S. liq.) 202.0
cubic yards liters 764.6
cubic yards pints (U.S. liq.) 1,615.9
cubic yards quarts (U.S. liq.) 807.9
cubic yards/min cubic ft/sec 0.45
cubic yards/min gallons/sec 3.367
cubic yards/min liters/sec 12.74
Dalton grams 1.650 x 102
days seconds 86,400
decigrams grams 0.1
deciliters liters 0.1
decimeters meters 0.1
degrees (angle) quadrants 0.01111
degrees (angle) radians 0.01745
degrees (angle) seconds 3,600
degrees/sec radians/sec 0.01745
degrees/sec revolutions/min 0.1667
degrees/sec revolutions/sec 2.778 x 107
dekagrams grams 10
dekaliters liters 10
dekameters meters 10
drams (apothecaries or troy) ounces (avdp.) 0.1371429
drams (apothecaries or troy) ounces (troy) 0.125
drams (U.S., fluid or apothecaries) cubic cm 3.6967
drams grams 1.7718
drams grains 27.3437
drams ounces 0.0625
dyne/cm erg/sq. millimeter 0.01
dyne/sq. cm atmospheres 9.869 x 1077
dyne/sq. cm in. of mercury at 0°C 2.953 x 10~
dyne/sq. cm in. of water at 4°C 4.015 x 10
dynes grams 1.020 x 107
dynes joules/cm 107
dynes joules/meter (newtons) 10-°
dynes kilograms 1.020 x 107
dynes poundals 7.233 x 10~
dynes pounds 2.248 x 10-°
dynes/sq. cm bars 10-¢
ell cm 114.30
ell in. 45
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em, pica in. 0.167
em, pica cm 0.4233
erg/sec Dyne-cm/sec 1.000
ergs Btu 9.480 x 107!
ergs dyne-centimeters 1.0
ergs foot-pounds 7.367 X 108
ergs gram-calories 0.2389 x 1077
ergs gram-cm 1.020 x 10°°
ergs horsepower-hr 3.7250 x 10714
ergs joules 1077
ergs kg-calories 2.389 x 1071
ergs kg-meters 1.020 x 107
ergs kilowatt-hr 0.2778 x 10713
ergs watt-hr 0.2778 x 1071
ergs/sec Btu/min 5,688 x 10~
ergs/sec ft-Ib/min 4.427 x 10
ergs/sec ft-Ib/sec 7.3756 % 108
ergs/sec horsepower 1.341 x 10710
ergs/sec kg-calories/min 1.433 x 107
ergs/sec kilowatts 10-1°
farad microfarads 10°
faraday/sec ampere (absolute) 9.6500 x 10*
faradays ampere-hr 26.80
faradays coulombs 9.649 x 10*
fathom meters 1.828804
fathoms feet 6.0
feet centimeters 30.48
feet kilometers 3.048 x 10
feet meters 0.3048
feet miles (naut.) 1.645 x 10*
feet miles (stat.) 1.894 x 10~
feet millimeters 304.8
feet mils 1.2 x 10*
feet of water atmospheres 0.02950
feet of water in. of mercury 0.8826
feet of water kg/sq. cm 0.03048
feet of water kg/sq. meter 304.8
feet of water pounds/sq. ft 62.43
feet of water pounds/sq. in. 0.4335
feet/min cm/sec 0.5080
feet/min feet/sec 0.01667
feet/min km/hr 0.01829
feet/min meters/min 0.3048
feet/min miles/hr 0.01136
feet/sec cm/sec 30.48
feet/sec km/hr 1.097
feet/sec knots 0.5921
feet/sec meters/min 18.29
feet/sec miles/hr 0.6818
feet/sec miles/min 0.01136
feet/sec/sec cm/sec/sec 30.48
feet/sec/sec km/hr/sec 1.097
feet/sec/sec meters/sec/sec 0.3048
feet/sec/sec miles/hr/sec 0.6818
feet/100 feet per centigrade 1.0
foot-candle lumen/sq. meter 10.764
foot-pounds Btu 1.286 x 107°
foot-pounds ergs 1.356 x 107
foot-pounds gram-calories 0.3238
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foot-pounds hp-hr 5.050 x 1077
foot-pounds joules 1.356
foot-pounds kg-calories 3.24 x 10
foot-pounds kg-meters 0.1383
foot-pounds kilowatt-hr 3.766 % 1077
foot-pounds/min Btu/min 1.286 x 107
foot-pounds/min foot-pounds/sec 0.01667
foot-pounds/min horsepower 3.030 x 10-°
foot-pounds/min kg-calories/min 3.24 x 10
foot-pounds/min kilowatts 2.260 x 10~
foot-pounds/sec Btu/hr 4.6263
foot-pounds/sec Btu/min 0.07717
foot-pounds/sec horsepower 1.818 x 107°
foot-pounds/sec kg-calories/min 0.01945
foot-pounds/sec kilowatts 1.356 x 107
furlongs miles (U.S.) 0.125
furlongs rods 40.0
furlongs feet 660.0
gallons cubic cm 3,785.0
gallons cubic feet 0.1337
gallons cubic in. 231.0
gallons cubic meters 3.785 x 1073
gallons cubic yards 4951 x 1072
gallons liters 3.785
gallons (lig. Br. Imp.) gallons (U.S. liq.) 1.20095
gallons (U.S.) gallons (Imp.) 0.83267
gallons of water pounds of water 8.3453
gallons/min cubic ft/sec 2.228 x 107
gallons/min liters/sec 0.06308
gallons/min cubic ft/hr 8.0208
gausses lines/sq. in. 6.452
gausses webers/sq. cm 10-®
gausses webers/sq. in. 6.452 x 10°®
gausses webers/sq. meter 10
gilberts ampere-turns 0.7958
gilberts/cm amp-turns/cm 0.7958
gilberts/cm amp-turns/in. 2.021
gilberts/cm amp-turns/meter 79.58
gills liters 0.1183
gills pints (liq.) 0.25
gills (British) cubic cm 142.07
grade radian 0.01571
grains drams (avdp.) 0.03657143
grains (troy) grains (avdp.) 1.0
grains (troy) grams 0.06480
grains (troy) ounces (avdp.) 2.0833 x 10°°
grains (troy) pennyweight (troy) 0.04167
grains/Imp. gal parts/million 14.286
grains/U.S. gal parts/million 17.118
grains/U.S. gal pounds/million gal 142.86
gram-calories Btu 3.9683 x 1073
gram-calories ergs 4.1868 x 107
gram-calories foot-pounds 3.0880
gram-calories horsepower-hr 1.5596 x 10-¢
gram-calories kilowatt-hr 1.1630 x 10-¢
gram-calories watt-hr 1.1630 x 10
gram-calories/sec Btu/hr 14.286
gram-centimeters Btu 9.297 x 107
gram-centimeters ergs 980.7
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gram-centimeters joules 9.807 x 10~
gram-centimeters kg-calories 2.343 x 10°*
gram-centimeters kg-meters 10-
grams dynes 980.7
grams grains 15.43
grams joules/cm 9.807 x 10~
grams joules/meter (newtons) 9.807 x 1073
grams kilograms 0.001
grams milligrams 1,000
grams ounces (avdp.) 0.03527
grams ounces (troy) 0.03215
grams poundals 0.07093
grams pounds 2.205 x 1073
grams/cm pounds/in. 5.600 x 10~
grams/cubic cm pounds/cubic ft 62.43
grams/cubic cm pounds/cubic in. 0.03613
grams/cubic cm pounds/mil-foot 3.405 x 1077
grams/liter grains/gal 58.417
grams/liter pounds/1,000 gal 8.345
grams/liter pounds/cubic ft 0.062427
grams/liter parts/million 1,000.0
grams/sq. cm pounds/sq. ft 2.0481
hand cm 10.16
hectares acres 2.471
hectares sq. feet 1.076 x 10°
hectograms grams 100
hectoliters liters 100
hectometers meters 100
hectowatts watts 100
henrys millihenrys 1,000
horsepower Btu/min 42.44
horsepower foot-1b/min 33,000
horsepower foot-lb/sec 550
horsepower kg-calories/min 10.68
horsepower kilowatts 0.7457
horsepower watts 745.7
horsepower (boiler) Btu/hr 33.479
horsepower (boiler) kilowatts 9.803
horsepower, metric (542.5 ft Ib./sec) horsepower (550 ft 1b./sec) 0.9863
horsepower (550 ft 1b./sec) horsepower, metric (542.5 ft Ib./sec) 1.014
horsepower-hr Btu 2,547
horsepower-hr ergs 2.6845 x 1013
horsepower-hr foot-lb 1.98 x 10¢
horsepower-hr gram-calories 641,190
horsepower-hr joules 2.684 x 10°
horsepower-hr kg-calories 641.1
horsepower-hr kg-meters 2.737 x 10°
horsepower-hr kilowatt-hr 0.7457
hours days 4.167 x 1072
hours weeks 5.952 X 1073
hundredweights (long) pounds 112
hundredweights (long) tons (long) 0.05
hundredweights (short) ounces (avdp.) 1,600
hundredweights (short) pounds 100
hundredweights (short) tons (metric) 0.0453592
hundredweights (short) tons (long) 0.0446429
in. centimeters 2.540
in. meters 2.540 x 1072
in. miles 1.578 x 10°°
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in. millimeters 25.40
in. mils 1,000.0
in. yards 2.778 x 1072
in. of mercury atmospheres 0.03342
in. of mercury feet of water 1.133
in. of mercury kg/sq. cm 0.03453
in. of mercury kg/sq. meter 345.3
in. of mercury pounds/sq. ft 70.73
in. of mercury pounds/sq. in. 0.4912
in. of water (at 4°C) atmospheres 2.458 x 1073
in. of water (at 4°C) in. of mercury 0.07355
in. of water (at 4°C) kg/sq. cm 2.540 x 1073
in. of water (at 4°C) ounces/sq. in. 0.5781
in. of water (at 4°C) pounds/sq. ft 5.204
in. of water (at 4°C) pounds/sq. in. 0.03613
international ampere amperes (absolute) 0.9998
international Volt volts (absolute) 1.0003
international volt joules (absolute) 1.593 x 107"
international volt joules 9.654 x 10*
joules Btu 9.480 x 10
joules ergs 107
joules foot-pounds 0.7376
joules kg-calories 2.389 x 10
joules kg-meters 0.1020
joules watt-hr 2.778 x 107
joules/cm grams 1.020 x 10*
joules/cm dynes 107
joules/cm joules/meter (newtons) 100.0
joules/cm poundals 723.3
joules/cm pounds 22.48
kilogram-calories Btu 3.968
kilogram-calories foot-pounds 3,088
kilogram-calories hp-hr 1.560 x 107
kilogram-calories joules 4,186
kilogram-calories kg-meters 426.9
kilogram-calories kilojoules 4.186
kilogram-calories kilowatt-hr 1.163 x 107
kilogram meters Btu 9.294 x 1073
kilogram meters ergs 9.804 x 107
kilogram meters foot-pounds 7.233
kilogram meters joules 9.804
kilogram meters kg-calories 2.342 x 107
kilogram meters kilowatt-hr 2.723 x 10°¢
kilograms dynes 980,665
kilograms grams 1,000.0
kilograms joules/cm 0.09807
kilograms joules/meter (newtons) 9.807
kilograms poundals 70.93
kilograms pounds 2.205
kilograms tons (long) 9.842 x 10
kilograms tons (short) 1.102 x 107
kilograms/cubic meter grams/cubic cm 0.001
kilograms/cubic meter pounds/cubic ft 0.06243
kilograms/cubic meter pounds/cubic in. 3.613 x 10~
kilograms/cubic meter pounds/mil-foot 3.405 x 1010
kilograms/meter pounds/ft 0.6720
kilograms/sq. cm dynes 980,665
kilograms/sq. cm atmospheres 0.9678
kilograms/sq. cm feet of water 32.81
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kilograms/sq. cm in. of mercury 28.96
kilograms/sq. cm pounds/sq. ft 2,048
kilograms/sq. cm pounds/sq. in. 14.22
kilograms/sq. meter atmospheres 9.678 x 10~
kilograms/sq. meter bars 98.07 x 10-°
kilograms/sq. meter feet of water 3.281 x 107
kilograms/sq. meter in. of mercury 2.896 x 1073
kilograms/sq. meter pounds/sq. ft 0.2048
kilograms/sq. meter pounds/sq. in. 1.422 x 107
kilograms/sq. mm kg/sq. meter 10°
kilolines maxwells 1,000
kiloliters liters 1,000
kilometers centimeters 10°
kilometers feet 3,281
kilometers in. 3.937 x 10*
kilometers meters 1,000
kilometers miles 0.6214
kilometers millimeters 10*
kilometers yards 1,094
kilometers/hr cm/sec 27.78
kilometers/hr feet/min 54.68
kilometers/hr feet/sec 0.9113
kilometers/hr knots 0.5396
kilometers/hr meters/min 16.67
kilometers/hr miles/hr 0.6214
kilometers/hr/sec cm/sec/sec 27.78
kilometers/hr/sec feet/sec/sec 09113
kilometers/hr/sec meters/sec/sec 0.2778
kilometers/hr/sec miles/hr/sec 0.6214
kilowatt-hr Btu 3,413
kilowatt-hr ergs 3.600 x 1013
kilowatt-hr foot-1b 2.655 % 10°
kilowatt-hr gram-calories 859,850
kilowatt-hr horsepower-hr 1.341
kilowatt-hr joules 3.6 x 10°
kilowatt-hr kg-calories 860.5
kilowatt-hr kg-meters 3.671 x 10°
kilowatt-hr pounds of water raised from 62° to 212°F  22.75
kilowatts Btu/min 56.92
kilowatts foot-1b/min 4.426 x 10*
kilowatts foot-1b/sec 737.6
kilowatts horsepower 1.341
kilowatts kg-calories/min 14.34
kilowatts watts 1,000.0
knots feet/hr 6,080
knots kilometers/hr 1.8532
knots nautical miles/hr 1.0
knots statute miles/hr 1.151
knots yards/hr 2,027
knots feet/sec 1.689
league miles (approx.) 3.0
light year miles 5.9 x 10"
light year kilometers 9.4637 x 1012
lines/sq. cm gausses 1.0
lines/sq. in. gausses 0.1550
lines/sq. in. webers/sq. cm 1.550 x 10-?
lines/sq. in. webers/sq. in. 10-¢
lines/sq. in. webers/sq. meter 1.550 x 107°
links (engineer’s) in. 12.0
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links (surveyor’s) in. 7.92
liters bushels (U.S. dry) 0.02838
liters cubic cm 1,000
liters cubic feet 0.03531
liters cubic in. 61.02
liters cubic meters 0.001
liters cubic yards 1.308 x 107°
liters gallons (U.S. liq.) 0.2642
liters pints (U.S. liq.) 2.113
liters quarts (U.S. liq.) 1.057
liters/min cubic ft/sec 5.886 x 10
liters/min gal/sec 4.403 x 107
lumen spherical candle power 0.07958
lumen watts 0.001496
lumens/sq. ft foot-candles 1.0
lumens/sq. ft lumen/sq. meter 10.76
lux foot-candles 0.0929
maxwells kilolines 0.001
maxwells webers 108
megalines maxwells 10°
megohms microhms 10"
megohms ohms 10°
meter-kilograms cm-dynes 9.807 x 107
meter-kilograms cm-grams 10°
meter-kilograms pound-feet 7.233
meters centimeters 100
meters feet 3.281
meters in. 39.37
meters kilometers 0.001
meters miles (naut.) 5.396 x 10
meters miles (stat.) 6.214 x 10
meters millimeters 1,000
meters yards 1.094
meters varas 1.179
meters/min cm/sec 1,667
meters/min feet/min 3.281
meters/min feet/sec 0.05468
meters/min km/hr 0.06
meters/min knots 0.03238
meters/min miles/hr 0.03728
meters/sec feet/min 196.8
meters/sec feet/sec 3.281
meters/sec kilometers/hr 3.6
meters/sec kilometers/min 0.06
meters/sec miles/hr 2.237
meters/sec miles/min 0.03728
meters/sec/sec cm/sec/sec 100
meters/sec/sec ft/sec/sec 3.281
meters/sec/sec km/hr/sec 3.6
meters/sec/sec miles/hr/sec 2.237
microfarad farads 10-¢
micrograms grams 10°¢
microhms megohms 10712
microhms ohms 10¢
microliters liters 10-¢
microns meters 1x10°
miles (naut.) feet 6,080.27
miles (naut.) kilometers 1.853
miles (naut.) meters 1,853
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miles (naut.) miles (statute) 1.1516
miles (naut.) yards 2,027
miles (statute) centimeters 1.609 x 10°
miles (statute) feet 5,280
miles (statute) in. 6.336 x 104
miles (statute) kilometers 1.609
miles (statute) meters 1,609
miles (statute) miles (naut.) 0.8684
miles (statute) yards 1,760
miles/hr cm/sec 44.70
miles/hr feet/min 88
miles/hr feet/sec 1.467
miles/hr km/hr 1.609
miles/hr km/min 0.02682
miles/hr knots 0.8684
miles/hr meters/min 26.82
miles/hr miles/min 0.1667
miles/hr/sec cm/sec/sec 44.70
miles/hr/sec feet/sec/sec 1.467
miles/hr/sec km/hr/sec 1.609
miles/hr/sec meters/sec/sec 0.4470
miles/min cm/sec 2,682
miles/min feet/sec 88
miles/min km/min 1.609
miles/min knots/min 0.8684
miles/min miles/hr 60
mil-feet cubic in. 9.425 x 10°°
milliers kilograms 1,000
milligrams grains 0.01543236
milligrams grams 0.001
milligrams/liter parts/million 1.0
millihenrys henrys 0.001
milliliters liters 0.001
millimeters centimeters 0.1
millimeters feet 3.281 x 107
millimeters in. 0.03937
millimeters kilometers 10-¢
millimeters meters 0.001
millimeters miles 6.214 X 1077
millimeters mils 39.37
millimeters yards 1.094 x 10°3
millimicrons meters 1x107°
million gal/day cubic ft/sec 1.54723
mils centimeters 2.540 x 1073
mils feet 8.333 x 10°°
mils in. 0.001
mils kilometers 2.540 x 1078
mils yards 2.778 x 10~
miner’s inches cubic ft/min 1.5
minims (British) cubic cm 0.059192
minims (U.S., fluid) cubic cm 0.061612
minutes (angles) degrees 0.01667
minutes (angles) quadrants 1.852 x 10~
minutes (angles) radians 2.909 x 10
minutes (angles) seconds 60
myriagrams kilograms 10
myriameters kilometers 10
myriawatts kilowatts 10
nepers decibels 8.686
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Newton dynes 1 x105
ohms (international) ohm (absolute) 1.0005
ohms megohms 10-¢
ohms microhms 10°
ounces drams 16.0
ounces grains 437.5
ounces grams 28.349527
ounces pounds 0.0625
ounces ounces (troy) 0.9115
ounces tons (long) 2.790 x 10~
ounces tons (metric) 2.835 x 105
ounces (fluid) cubic in. 1.805
ounces (fluid) liters 0.02957
ounces (troy) grains 480.0
ounces (troy) grams 31.103481
ounces (troy) ounces (avdp.) 1.09714
ounces (troy) pennyweights (troy) 20.0
ounces (troy) pounds (troy) 0.08333
ounces/sq. in. dynes/sq. cm 4,309
ounces/sq. in. pounds/sq. in. 0.0625
parsec miles 19 x 102
parsec kilometers 3.084 x 103
parts/million grains/U.S. gal 0.0584
parts/million grains/Imp. gal 0.07016
parts/million pounds/million gal 8.345
pecks (British) cubic in. 554.6
pecks (British) liters 9.091901
pecks (U.S.) bushels 0.25
pecks (U.S.) cubic in. 537.605
pecks (U.S.) liters 8.809582
pecks (U.S.) quarts (dry) 8
pennyweights (troy) grains 24.0
pennyweights (troy) ounces (troy) 0.05
pennyweights (troy) grams 1.55517
pennyweights (troy) pounds (troy) 4.1667 x 1073
pints (dry) cubic in. 33.60
pints (liq.) cubic cm 473.2
pints (liq.) cubic feet 0.01671
pints (liq.) cubic in. 28.87
pints (liq.) cubic meters 4.732 x 10
pints (liq.) cubic yards 6.189 x 10
pints (liq.) gallons 0.125
pints (liq.) liters 0.4732
pints (liq.) quarts (liq.) 0.5
Planck’s quantum erg-second 6.624 x 107
poise gram/cm sec 1.00
poundals dynes 13,826
poundals grams 14.10
poundals joules/cm 1.383 x 107°
poundals joules/meter (newtons) 0.1383
poundals kilograms 0.01410
poundals pounds 0.03108
pound-feet cm-dynes 1.356 x 107
pound-feet cm-grams 13,825
pound-feet meter-kg 0.1383
pounds drams 256
pounds dynes 44.4823 x 10*
pounds grains 7,000
pounds grams 453.5924

© 2007 by Taylor & Francis Group, LLC



Units Conversion Table

399

To Convert Into Multiply by
pounds joules/cm 0.04448
pounds joules/meter (newtons) 4.448
pounds kilograms 0.4536
pounds ounces 16.0
pounds ounces (troy) 14.5833
pounds poundals 32.17
pounds pounds (troy) 1.21528
pounds tons (short) 0.0005
pounds (avdp.) ounces (troy) 14.5833
pounds (troy) grains 5,760
pounds (troy) grams 373.24177
pounds (troy) ounces (avdp.) 13.1657
pounds (troy) ounces (troy) 12
pounds (troy) pennyweights (troy) 240
pounds (troy) pounds (avdp.) 0.822857
pounds (troy) tons (long) 3.6735 x 10~
pounds (troy) tons (metric) 3.7324 x 104
pounds (troy) tons (short) 4.1143 x 10*
pounds of water cubic ft 0.01602
pounds of water cubic in. 27.68
pounds of water gallons 0.1198
pounds of water/min cubic ft/sec 2.670 x 10~
pounds/cubic ft grams/cubic cm 0.01602
pounds/cubic ft kg/cubic meter 16.02
pounds/cubic ft pounds/cubic in. 5.787 x 10~
pounds/cubic ft pounds/mil-foot 5.456 x 107
pounds/cubic in. gm/cubic cm 27.68
pounds/cubic in. kg/cubic meter 2.768 x 10*
pounds/cubic in. pounds/cubic ft 1,728
pounds/cubic in. pounds/mil-foot 9.425 x 10-°
pounds/ft kg/meter 1.488
pounds/in. gm/cm 178.6
pounds/mil-foot gm/cubic cm 2.306 x 10°
pounds/sq. ft atmospheres 4.725 x 10~
pounds/sq. ft feet of water 0.01602
pounds/sq. ft inches of mercury 0.01414
pounds/sq. ft kg/sq. meter 4.882
pounds/sq. ft pounds/sq. in. 6.944 x 1073
pounds/sq. in. atmospheres 0.06804
pounds/sq. in. feet of water 2.307
pounds/sq. in. in. of mercury 2.036
pounds/sq. in. kg/sq. meter 703.1
pounds/sq. in. pounds/sq. ft 144
quadrants (angle) degrees 90
quadrants (angle) minutes 5,400.0
quadrants (angle) radians 1.571
quadrants (angle) seconds 3.24x 10°
quarts (dry) cubic in. 67.20
quarts (liq.) cubic cm 946.4
quarts (liq.) cubic feet 0.03342
quarts (liq.) cubic in. 57.75
quarts (liq.) cubic meters 9.464 x 10
quarts (liq.) cubic yards 1.238 x 1073
quarts (liq.) gallons 0.25
quarts (liq.) liters 0.9463
radians degrees 57.30
radians minutes 3,438
radians quadrants 0.6366
radians seconds 2.063 x 10°
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radians/sec degrees/sec 57.30
radians/sec revolutions/min 9.549
radians/sec revolutions/sec 0.1592
radians/sec/sec revolutions/min/min 573.0
radians/sec/sec revolutions/min/sec 9.549
radians/sec/sec revolutions/sec/sec 0.1592
revolutions degrees 360
revolutions quadrants 4.0
revolutions radians 6.283
revolutions/min degrees/sec 6.0
revolutions/min radians/sec 0.1047
revolutions/min revolutions/sec 0.01667
revolutions/min/min radians/sec/sec 1.745 x 107°
revolutions/min/min revolutions/min/sec 0.01667
revolutions/min/min revolutions/sec/sec 2.778 x 10
revolutions/sec degrees/sec 360.0
revolutions/sec radians/sec 6.283
revolutions/sec revolutions/min 60
revolutions/sec/sec radians/sec/sec 6.283
revolutions/sec/sec revolutions/min/min 3,600
revolutions/sec/sec revolutions/min/sec 60.0
rod chain (Gunter’s) 0.25
rod meters 5.029
rods feet 16.5
rods (surveyors’ meas.) yards 5.5
scruples grains 20
seconds (angle) degrees 2.778 x 10
seconds (angle) minutes 0.01667
seconds (angle) quadrants 3.087 x 10-°
seconds (angle) radians 4.848 x 10°
slug kilogram 14.59
slug pounds 32.17
sphere steradians 12.57
square centimeters circular mils 1.973 x 10°
square centimeters sq. feet 1.076 x 107
square centimeters sq. in. 0.1550
square centimeters sq. meters 0.0001
square centimeters sq. miles 3.861 x 107!
square centimeters sq. millimeters 100.0
square centimeters sq. yards 1.196 x 10~
square feet acres 2.296 x 10°°
square feet circular mils 1.833 x 10®
square feet sq. cm 929.0
square feet sq. in. 144.0
square feet sq. meters 0.09290
square feet sq. miles 3.587 x 1078
square feet sq. millimeters 9.290 x 10*
square feet sq. yards 0.1111
square in. circular mils 1.273 x 10°
square in. sq. cm 6.452
square in. sq. feet 6.944 x 107
square in. sq. millimeters 645.2
square in. sq. mils 10°
square in. sq. yards 7.716 x 10
square kilometers acres 247.1
square kilometers sq. cm 101
square kilometers sq. feet 10.76 x 10°
square kilometers sq. in. 1.550 x 10°
square kilometers sq. meters 10°
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square kilometers sq. miles 0.3861
square kilometers sq. yards 1.196 x 10°
square meters acres 2471 x 10
square meters 5q. cm 104
square meters sq. feet 10.76
square meters sq. in. 1,550
square meters sq. miles 3.861 x 1077
square meters sq. millimeters 10°
square meters sq. yards 1.196
square miles acres 640.0
square miles sq. feet 27.88 x 10°
square miles sq. km 2.590
square miles sq. meters 2.590 x 10¢
square miles sq. yards 3.098 x 10°
square millimeters circular mils 1,973
square millimeters sq. cm 0.01
square millimeters sq. feet 1.076 x 10-°
square millimeters sq. in. 1.550 x 107*
square mils circular mils 1.273
square mils sq. cm 6.452 x 10°°
square mils sq. in. 10
square yards acres 2.066 x 10~
square yards 5q. cm 8,361
square yards sq. feet 9.0
square yards sq. in. 1,296
square yards sq. meters 0.8361
square yards sq. miles 3.228 x 1077
square yards sq. millimeters 8.361 x 10°
temperature (°C) + 273 absolute temperature (°C) 1.0
temperature (°C) + 17.78 temperature (°F) 1.8
temperature (°F) + 460 absolute temperature (°F) 1.0
temperature (°F) — 32 temperature (°C) 5/9
tons (long) kilograms 1,016
tons (long) pounds 2,240
tons (long) tons (short) 1.120
tons (metric) kilograms 1,000
tons (metric) pounds 2,205
tons (short) kilograms 907.1848
tons (short) ounces 32,000
tons (short) ounces (troy) 29,166.66
tons (short) pounds 2,000
tons (short) pounds (troy) 2,430.56
tons (short) tons (long) 0.89287
tons (short) tons (metric) 0.9078
tons (short)/sq. ft kg/sq. meter 9,765
tons (short)/sq. ft pounds/sq. in. 2,000
tons of water/24 hr pounds of water/hr 83.333
tons of water/24 hr gallons/min 0.16643
tons of water/24 hr cubic ft/hr 1.3349
volt (absolute) statvolts 0.003336
volts/in. volts/cm 0.39370
watt-hours Btu 3.413
watt-hours ergs 3.60 x 10
watt-hours foot-pounds 2,656
watt-hours gram-calories 859.85
watt-hours horsepower-hr 1.341 x 1073
watt-hours kilogram-calories 0.8605
watt-hours kilogram-meters 367.2
watt-hours kilowatt-hr 0.001
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watts (international) watts (absolute) 1.0002
watts Btu/hr 3.4129
watts Btu/min 0.05688
watts ergs/sec 107
watts foot-1b/min 44.27
watts foot-lb/sec 0.7378
watts horsepower 1.341 x 107°
watts horsepower (metric) 1.360 x 1072
watts kg-calories/min 0.01433
watts kilowatts 0.001
watts (Abs.) Btu (mean)/min 0.056884
watts (Abs.) joules/sec 1
webers maxwells 108
webers kilolines 10°
webers/sq. in. gausses 1.550 x 107
webers/sq. in. lines/sq. in. 108
webers/sq. in. webers/sq. cm 0.1550
webers/sq. in. webers/sq. meter 1,550
webers/sq. meter gausses 104
webers/sq. meter lines/sq. in. 6.452 x 10*
webers/sq. meter webers/sq. cm 10
webers/sq. meter webers/sq. in. 6.452 x 107
yards centimeters 91.44
yards kilometers 9.144 x 10
yards meters 0.9144
yards miles (naut.) 4,934 x 104
yards miles (stat.) 5.682 x 10
yards millimeters 914.4
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