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Welcome to this class which is offered by a member institution of the California-Arizona
Consortium (CC).

We would like you to know that our classes consist of diverse groups of workers with a wide
range of working experiences. Our instructors make a special point of drawing upon your
experiences so that you can learn from each other in class. That is a major aspect of how we
teach.

Consequently, both students and instructors have the responsibility to create an atmosphere of
mutual respect at all times in our classes. In addition, any information shared by students about
a particular worksite is to be kept confidential and not to be shared outside the classroom.

In order to receive certification for successful completion of this class, CAC Instructors expect
you to:

1. Participate in all learning activities to the satisfaction of our instructors;
2. Attend all of the course (and sign in/sign out on appropriate sheets); and
3. Take any required hands-on or written tests to demonstrate proficiency.

If the instructor(s) does not think you are meeting expectations in any of these areas, the
instructor(s) reserves the right to ask you to withdraw from the class.



NOTICE

This manual is designed to provide information with regard to the subject matter
involved.

The sponsor seeks to review the covered subjects in as objective a manner as possible.
There is no intent to either attack or defend any accepted practices, regulatory controls,
or programs.

The state-of-the-art and the related regulatory programs are still subject to substantial
review and change, as well as significant differences of opinion. The entire
responsibility for complying with the law and remaining current lies with employers and
their employees. Accordingly, no representation can be made or responsibility
undertaken by the sponsor regarding the completeness, accuracy or continuing validity
of the information in this publication or matters discussed during the training course.

This publication is not intended to take the place of legal or other professional
assistance. If legal advise or other expert assistance is required in regard to specific
problems confronting your business, the services of competent professionals should be
sought.
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MODULE 2

TOXICITY
Objectives:
. Participants will be able to list the three main exposure chain routes.
. Participants will be able to define acute and chronic exposure.
. Participants will be able to generally describe the toxic effects of acute
and chronic exposure to chemical hazards products.
. Participants will be able to list situations where toxic exposure is most

likely.
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HAZARDOUS SUBSTANCES:
FORMS OF CHEMICAL HAZARDS

SOLIDS
a. Particulate (dusts, fibers); fume (metal or plastic)

b. Typically breathing hazards: size of particle is important

LIQUIDS
a. Aerosols and mists: breathing hazard

b. Liquid splash: dermal hazard

VAPORS & GASES
a. Vapor pressure and density important
b. Breathing hazards

. Toxic hazard

. Oxygen deficiency hazard

- Simple asphyxiant: CO,, N, He = displace oxygen molecules

- Chemical asphyxiant: CN, H,S = chemical interference with O,

use by body
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FORMS OF CHEMICAL HAZARDS

As with any substance on earth, a chemical hazard may take the form of a SOLID, a
LIQUID or a GAS. As a substance is cooled or heated it changes form. For example, the
vapors given off by solvents are simply the gaseous form of the solvent. The hotter the
workplace (or the more heat used in the process), the more that solvent will evaporate and
give off harmful vapors.

1. SOLIDS

The solids of greatest concern to health are DUSTS, FIBERS, and FUMES. These
types of solids can be inhaled directly into the lungs, where they may damage the lungs or
pass into the blood stream to harm other parts of the body.

DUSTS are solid particles generated by handling, crushing, or grinding materials
such as rock, metal, coal, wood, or grain. Dust particles range in size from 0.1 to 25
micrometers. Only dusts of less than five micrometers remain airborne long enough to be
inhaled. These fine particles cannot be seen without a microscope, but they may be
perceived as a "haze." Any process that produces dusts suspended in the air should be
considered hazardous until industrial hygiene testing proves it safe.

FIBERS are dust particles whose shape is long and narrow rather than rounded. If
the length is three or more times the width of a particle, it is called a fiber. The most
notorious fiber in industry is the asbestos fiber.

FUMES are formed when very hot vapors - usually metallic vapors - cool rapidly
and condense into very fine solid particles. Gases and vapors are not fumes, although the
terms are often mistakenly used interchangeably. Fumes are produced mainly in industri-
al high-heat operations, like welding, melting, and furnace work. Fumes are often mixed
with hazardous gases, like ozone and nitrogen oxides, which are taken in by the lung at the
same time.

AEROSOL is the general term for any airborne particle, whether solid or liquid.

PARTICLE SIZE is important in determining the degree of harm a dust will do.
Generally only particles smaller than five micrometers are able to enter the inner recesses
of the lung (the alveoli). However, an agent which causes an allergic response, such as
ragweed pollen (about 20 micrometers), does its damage to the upper respiratory system.

2. LIQUIDS

MISTS or SPRAYS are fine suspensions of liquid droplets. Examples are the oil
mist produced during cutting and grinding operations, acid mists from electroplating, acid
or alkali mists from pickling operations, paint spray mist, and fog or rain.

Mists are like dusts in one important way. The finer the spray, the farther the

droplets penetrate into the lungs. Most mists, such as paint spray, are mixtures of several
ingredients - solvent, pigment, stabilizing agents, and the propellant.
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DERMAL HAZARD: Any liquid splash or spill may enter the body through the
skin, and then enter the bloodstream to do damage.

3. VAPORS & GASES

A GAS is a fluid that expands to fill the space that contains it. A gas can travel
quickly far from its point of origin. Many gases are highly flammable; many are very
reactive, both chemically and within the body.

A VAPOR is the technical name for the gaseous form of a liquid that always exists
above that liquid - just as water vapor always exists over water. The closer a liquid is to its
BOILING POINT, the more it vaporizes. Liquids with boiling points just above room
temperature vaporize readily, and are called VOLATILE.

VAPOR PRESSURE is the pressure (in millimeters of mercury) at any given
temperature of a vapor when it is in equilibrium with its liquid form. The higher the vapor
pressure, the greater a chemical's potential as a fire and health hazard. A typical high
vapor pressure solvent is acetone (VP = 400 mm), a typical low pressure is cellosolve (VP =
3.8 mm).

DENSITY of a vapor is important in determining whether it will tend to rise to the
ceiling (density less than 1) or sink to the floor or bottom of a tank (density greater thean
1). Gasoline is a vapor which moves quickly along the ground, sometimes igniting far from
the liquid source.
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BREATHING HAZARDS

There are two main types of hazards caused by vapors and gases:

1)

2)

Toxic hazards

These substances do damage to the lungs or enter the body and travel to a site
where damage is done.

Oxygen deficiency hazards

A SIMPLE ASPHYXIANT simply takes the place of oxygen molecules in the lung.
Inert gases such as carbon dioxide, nitrogen and helium are examples.

A CHEMICAL ASPHYXIANT prevents the cells in the body from taking in the
necessary oxygen. Examples are cyanide and hydrogen sulfide.
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TURBINATES

EPIGLOTTIS
GLOTTIS

LARYNX, VOCAL CORDS

TRACHEA

PULMONARY
ARTERIES

PULMONARY
VEINS

ALVEOLI

:,'.:f”a

o leg 5 '-*. -
XA AT Ink

b, 8 ey 7 pe ¥ : & :
N S
oy, .o_'sh,l ¢ ] i.i{_:f‘l W

oy PO~

e

SOURCE: Arthur C. Guyton, }.D.,
"Physiology of the Human
Body," Fifth Ed., W. D.
Saunders Co., Philadelphia.
1979.

The respiratory sys-
tem. showing the respiratory passages
and function of the alveolus to oxy-
genate the blood and to remove carbon
dioxide.

- -

‘
!
.
By
&,
%
®,
-
@
»
4

Ll

,.:i.“:

_Surface view of capillaries in an alveolar wall. (From Maloney and Castle: Resp. Physiol., 7:150, 1968

Reproduced by permission of ASP Biological and Medical Press, North-Holland Division.) "
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ROUTES OF EXPOSURE

The various FORMS of chemicals and hazardous substances may enter your body
through:

1. Your LUNGS - by inhalation or breathing;
2. Your SKIN - by direct contact or absorption through the skin into the body;
3. Your DIGESTIVE TRACT - by ingestion or swallowing substances into the body.
THE LUNGS

Inhalation or breathing through the lungs is the MOST IMPORTANT EXPOSURE
ROUTE in the workplace. If your alveoli (the tiny sacs at the bottom of the lungs) were
flattened out, they would cover an area the size of a tennis court. This huge surface area is
only one single cell thick. This allows a chemical to travel into the bloodstream FAST.

THE SKIN

Contact with a chemical by the skin, called DERMAL CONTACT, may cause two
effects:

1. Local effects on the skin itself.
The three types of effects to the skin are:

a) Irritant - Many chemicals cause an immediate reddening, rash, or other
irritation to the skin upon contact.

b) Tissue damage - Chemicals such as corrosives, including acids or bases, eat
into the skin and cause damage to the tissue beneath it.

¢) Allergic effects - Some chemicals, such as nickel, chromium, formaldehyde,

turpentine, and isocyanates, cause the skin to become hypersensitive after
repeated exposures. This is called SENSITIZATION DERMATITIS.
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2. Systemic (internal) effects from absorption through the skin.
Many solvents are absorbed through the skin, circulated
through the bloodstream, and then cause damage at a site within the body.
Chemicals which are noted for their systemic effect upon absorption by the skin are
marked with an "S" in the TLV Booklet.

BY INGESTION

In the workplace, many people may unknowingly eat or drink harmful chemicals.
Toxic compounds are then absorbed from the gastrointestinal tract into the blood.
PERSONAL HYGIENE is essential in the workplace:

a. Always wash up before eating or smoking.

b. Eat and smoke in clean areas only.

Dusts that were filtered out in your upper respiratory tract are moved to your
mouth cavity by mucous and ciliary (cilia are small, hairlike projections) transport and
may be swallowed. In workplaces where dust levels are very high, this has been an

important factor. One example is lead exposure in radiator shops.

Generally, INGESTION IS THE LEAST IMPORTANT ROUTE -- as long as
personal hygiene is always maintained.
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CHEMICAL HAZARD AWARENESS
OBJECTIVES:
Trainees will be able to:

1. Draw a dose response curve and distinguish between the following parts of
the curve:

- the effective dose

- the LD 50

- the LD 100

- the concentration or "y" axis

- the number of people or the "x" axis

2. List the five toxic effects of chemicals.
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TOXICOLOGY

Definition: the study of the harmful effects of chemicals on living

things.

TOXIC EFFECTS: Undesirable changes in the body. A toxic effect is a RESPONSE to an
exposure to a chemical. The kind of response (or how severe the res-
ponse is) depends on the DOSE received.

DOSE = how much of the chemical are you receiving over what period of time?

Dose = Chemical Concentration X Time of exposure

Example of Dose/Response Concept:

Dose = Concentration X Time  ---------—- Response

1 qt. of 12% ethanol 15 mins. brain effects
(alcoholic beverage) ("drunk")

1 qt. of 12% ethanol annually no observed effect

1 qt. of 12% ethanol daily chronic organ damage

TOXICITY: the ability of a substance to cause an unwanted response or effect when a
certain dose is received by the body (or at a specific site within the body).
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DOSE - RESPONSE

All studies of toxicology are based on the DOSE-RESPONSE RELATIONSHIP.
This is an attempt to relate the amount of a substance given to a test animal (the dose) to
the effect shown by the animal (the response).

The simplest toxicology study relates the percent of test animals which die upon
exposure (mortality) to the dose given. The dose is usually expressed in mg/kg (for
ingestion or inoculation), in mg/M2 (for skin exposure), or in mg/M3 (for inhalation). The
response is expressed in % of animals which have died.

After this information is put on a DOSE-RESPONSE CURVE, the LD-50 can be
found. LD-50 (lethal dose - 50%) is the dose of a substance which causes the death of 50%
of a group of experimental animals. The important thing for hazard awareness is that
SMALL LD50 VALUES MEAN THAT THE CHEMICAL IS MORE TOXIC.

The slope of the dose-response curve is another important piece of information for
toxicologists. If the curve is very steep, the margin of safety for exposure to that material is

very small. If the margin of safety is small, the toxicologist would recommend setting a
lower safe exposure level for humans.

(The following pages illustrate the dose-response curve).
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RESPONSE % (LETHAL EFFECT)
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DOSE OR CONCENTRATION

FIGURE 15-1. Dose - response curves for a chemical
agent administered to a uniform population of test animals.

Note: Figure laken from "Fundamentals of Indusltrial Hygiene," Third Edition,
Barbara A. Plog, Ed., National Safety Council, 1988, Page 362.
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Figure 15-4. The slope of the dose-response
curve provides useful information. If the dose-
response curve is very steep, the margin of safety
for exposure to that material is slight.

Note: Figure taken from "Fundamentals of Industrial Hygiene," Third Edition,
Barbara A. Plog, Ed., National Safety Council, 1988, Page 362.
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HOW LDsy RELATES TO TOXICITY

Table 1 Toxicity Classes
Hodge and Sterner Scale

Routes of Administration

Oral LDsy Inhalation LCs Dermal LDs
Single ap-
(Single dose (Exposure of plication to  Probable
Toxicity Commonly to rats) rats for 4 skin of rab- lethal dose
rating used term mg/kg hours) ppm bits mg/kg  for man
1 Extremely toxic 1 or less 10 S or less 1 grain (a
taste, a drop)
2 Highly toxic 1-50 10-100 5-43 4 ml (1 tspful)
3 Moderately toxic  50-500 100-1000 44-340 30 ml (1 f1 0z)
4 Slightly toxic 500-5000 1000-10,000 350-2810 600 ml (1 pt)
5 Practically 5000-15,000 10,000-100,000 2820-22,590 1 liter (1 qt)
non-toxic
6 Relatively 15,000 or 100,000 22,600 or 1 liter (1 qt)
harmless more more
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Table 2 Toxicity Classes
Gosselin, Smith and Hodge

Probable Oral LETHAL Dose (Human)

Toxicity Rating or For 70-kg. person
Class Dose (150 1bs.)
6 Super toxic Less than 5 mg/kg 1 grain (a tasteless than 7 drops)
5 Extremely toxic 5-50 mg/kg 4 ml (between 7 drops and 1 tsp.)
4 Very toxic 50-500 mg/kg 30 ml (between 1 tsp. and 1 fl. oz.)
3 Moderately toxic 0.5-5 g/kg 30-600 ml (between 1 fl. oz. and 1 pt.)
2 Slightly toxic 5-15 g/kg 600-1200 ml (between 1 pt. and 1 qt.)
1 Practically nontoxic Above 15 g/kg More than 1200 ml (more than 1 qt.)
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TOXICITY VS. HAZARD

After performing various animal tests, and compiling data from human exposures,
toxicologists determine the TOXICITY of a substance, its POTENTIAL TO CAUSE AN
UNWANTED RESPONSE. Remember, however, THE DOSE MAKES THE POISON. It
is only when the body is exposed to a toxic substance (i.e., one receives a dose) that the sub-
stance becomes a poison or hazard.

In short: HAZARD = TOXICITY X EXPOSURE (DOSE)

ACUTE AND CHRONIC EFFECTS

An ACUTE EFFECT is one which appears (is detected by medical procedures or felt as
symptoms) within a short time, such as within minutes or hours. In contrast,a CHRONIC
EFFECT or illness develops slowly and may last for a long time. Chronic poisoning is due
to continued exposure over months and years to a harmful agent. The symptoms of
chronic poisoning are usually different from the symptoms of acute poisoning by the same
agent.

In short: Be aware of both the ACUTE and CHRONIC effects of a hazardous
substance.
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TYPES OF TOXIC HEALTH EFFECTS

There are five types of effects which hazardous substances may have on the body. A
single agent may, of course, have more than one type of effect at the same time.

1. ASPHYXIANTS

As discussed in the section on the lung, a SIMPLE ASPHYXIANT displaces the
oxygen necessary to maintain life. Examples are: carbon dioxide, ethane, helium, hydro-
gen, methane, and nitrogen.

A CHEMICAL ASPHYXIANT prevents the uptake of oxygen by the cells of the
body. Three important examples are:

a) Carbon monoxide - prevents oxygen transport by combining with
hemoglobin.

b) Hydrogen cyanide - inhibits the enzyme system needed by cells to make use
of oxygen.

c) Hydrogen sulfide - paralyzes the respiratory center of the brain.

At high levels, all three of these substances can cause almost instant collapse and
unconsciousness.

2. IRRITANTS

An irritant is a material that causes inflammation to a part of the body by direct
contact. The two types are RESPIRATORY IRRITANTS and SKIN IRRITANTS.

a) RESPIRATORY IRRITANTS cause injury to the nose, mouth, throat and
lungs. Materials that are very water-soluble affect mainly the nose and
throat (e.g., ammonia, formaldehyde). Less water soluble materials act
deeper in the lungs (e.g., nitrogen dioxide, phosgene). Examples of chemicals
which affect both the upper and lower lung are chlorine and ozone.

Respiratory tract irritation can be minor, such as a tightening of the chest or
bronchitis. But it may also be very serious, as in the case of pulmonary
edema and death.

b) SKIN IRRITANTS may cause contact dermatitis, a redness, itching
and drying of the skin. Examples are organic solvents and

detergents. Very corrosive agents can cause skin ulcers and destroy tissue.
Chromium and nickel are examples.

3. ALLERGIC SENSITIZERS
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b)

d)

b)

Some individuals become sensitized to certain chemicals, such that
repeated exposures cause an immune reaction. Allergic sensitizers generally
affect the skin and respiratory tract. The symptoms are often the same as
irritants, e.g., dermatitis or bronchitis. As with irritants, the response may
be much more serious, even causing death. Examples include: isocyanates,
formaldehydes, phenol resins, and epoxy resins.

SYSTEMIC POISONS

BLOOD SYSTEM (HEMOLYTIC) TOXINS - These agents damage blood
components or depress blood cell formation. Examples include benzene,
methylene chloride, arsine, phosphorus, and napthalene.

NEUROTOXINS - These compounds damage the nerve cells (neurons) or
inhibit their function by acting on a part of the nerve cell. Typical symptoms
include dullness, muscle tremor, restlessness, convulsions, loss of memory,
epilepsy, and loss of muscle coordination. Examples include mercury,
insecticides, hexachlorophene, and lead.

LIVER (HEPATO-) TOXINS - These compounds cause liver damage,
including jaundice and liver enlargement. Examples include alcohols,
carbon tetrachloride, and nitrosamines.

KIDNEY (NEPHRO-) TOXINS - These agents damage the kidney, causing
swelling and increased serum proteins in the urine. Examples include
halogenated hydrocarbons and heavy metals.

CARCINOGENS, TERATOGENS AND MUTAGENS

CARCINOGENS - Carcinogens cause cancer. Cancer is the development of
malignant growths or neoplasms at any site in the body. The development of
cancer may be delayed for 20 - 30 years. Examples include vinyl chloride,
asbestos, ethylene dibromide, and acrylonitrile.

TERATOGENS - Teratogens are agents that cause physical defects in the
developing embryo or fetus. In the 1960's methyl mercury was the first
industrial chemical shown to be a teratogen. Examples include thalidomide,
anesthetic gases, and ionizing radiation.

MUTAGENS - Mutagens are agents which cause a change (mutation) in the

genes by altering the DNA. Mutation of the reproductive cells may cause
birth defects. Mutation of other cells may cause cancer or a teratogenic
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response to the exposed person or her child. Examples include ethylene
oxide, benzene, hydrazine, and ionizing radiation.
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CHEMICAL HAZARD AWARENESS
OBJECTIVES:
Trainees will be able to:
1. Define the term '"time-weighted average," and distinguish between the
Threshold Limit Value (TLV) and the Permissible Exposure Limit (PEL)

and their respective sources and uses.

2. Identify potential negative health effects posed by worksite chemicals by
looking up the TLVs and PELSs for these chemicals.
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CHEMICAL EXPOSURE TERMINOLOGY

Concentration:

Time:

8 Hour Time Weighted Average =

Exposure Limits:

TLVs =

PELs =

STEL =

CEILING =

IDLH =
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PERMISSIBLE EXPOSURE LEVELS
Objectives
Participants will be able to:

. Distinguish between "permissible exposure limits" (PELs) and "recom
mended exposure limits" (RELs) and "threshold limit values (TLVs).

. Identify the order in which PELs, RELs, and TLVs should be considered
when established permissible exposure limits.

. Describe the different approaches to establishing permissible exposure
limits for known airborne contaminants.

. List the three major labeling systems that identify hazardous substances
and their limitations.

OSHA PERMISSIBLE EXPOSURE LIMITS (PELSs)

. OSHA regulations establish PELs for over 600 substances.
. PELs generally focus on exposure by inhalation.
. PELs are legal standards; must be considered first when setting exposure limits.

Regulatory agencies, trade associations, and professional organizations have developed
regulations and guidelines for worker exposure to hazardous substances. They are used to
evaluate potential exposure hazards during the safety planning and site inspections. The
guidelines should also be used in planning for the appropriate personal protective
equipment (PPE) if it will be necessary to conduct activities in areas where exposure is
likely.

The exposure limits normally focus on exposure by inhalation because the other routes of
exposure — injection, ingestion, and dermal absorption — are

normally controlled by work practices and personal hygiene. In addition, it is difficult to
establish exposure limits for these routes. The Occupational Health and Safety
Administration (OSHA) has established '"Permissible Exposure Limits" (PELSs) for over
600 substances. These standards are codified as 20 CFR 1910.1000 (amended 1/19/89).
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The PEL for a substance is the 8-hour "ceiling concentration' above which employees may
not be exposed. PELs are legally enforceable standards and apply to private and
government sector employees. They should be considered first when settling exposure
limits.

NIOSH STANDARDS
. NIOSH develops and recommends health and safety standards to OSHA.
. Publishes IDLH concentrations.
. Publishes Recommended Exposure Limits (RELSs).
. RELs should be considered second when establishing exposure limits.

The National Institute for Occupational Safety and Health (NIOSH) is a division of the U.S.
Department of Health and Human Services. NIOSH is responsible for researching,
developing and recommending health and safety standards for OSHA. NIOSH researches
information for use in developing OSHA PEL standards, although many recommended
exposure limits have not been adopted. These are called the Recommended Exposure
Limits (RELs). For each REL, NIOSH publishes a criteria document that is the basis for
their recommendation. RELs are not enforceable.

Approximately 150 chemicals have been assigned RELs. In accordance with OSHA
1910.120, RELs are considered second when establishing a specific exposure limit.

NIOSH has also developed the Immediately Dangerous to Life and Health (IDLH) concen-
trations which can be used as a reference in selecting a respirator. The IDLH concentra-
tions represent the maximum concentrations from which one could escape within 30
minutes without symptoms of impairment or irreversible health effects. RELs and IDLH
values are listed in the NIOSH/OSHA Pocket Guide to Chemical Hazards, NIOSH/OSHA,
DHHS Publication #85-114, February 1987.
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THRESHOLD LIMIT VALUES

. ACGIH establishes the Threshold Limit Values (TLVs) for about 600
substances.

. Three separate levels of TLVs:

- TLV-TWA (time-weighted average)

- TLV-STEL (short-term exposure limit)
- TLV-C (ceiling value)

. TLVs should be considered third when establishing exposure limits.

The American Conference of Governmental Hygienists (ACGIH) establishes exposure
limits called Threshold Limit Values (TLVs) and publishes a revised listing annually in
their booklet, Threshold Limit Values and Biological Exposure Indices. The booklet lists
approximately 600 substances and is revised annually. The TLVs refer to airborne
concentrations of substances and represent conditions under which it is believed that
nearly all workers may be repeatedly exposed day after day without adverse health effects.
According to OSHA CFR 1910.120, the PEL is considered first when establishing an
exposure limit, followed by the REL, and TLYV values.

There are three separate levels of TLVs. The TLV-TWA (time-weighted average) is the
average concentration of a chemical to which most chemical workers can be exposed over a
40-hour week and a normal 8-hour work day without showing any adverse effects. The
TLV-TWA permits exposure to concentrations above the limit, however, elevated
concentrations must be compensated by periods of exposure below the limit. The TLV-
STEL (short-term exposure limit) is a 15-minute, time-weighted exposure. Excursions
above the TLV-STEL should be at least 60 minutes apart, no longer than 15 minutes in
duration, and should not be repeated more than 4 times a day. Because the excursions are
calculated into the 8-hour, time-weighted average, exposure during the rest of the day must
be lower to compensate. Finally, the TLV-C represents a ceiling value that should not be
broached even instantaneously. These three values should be considered in third order when
establishing exposure limits.

NOTES

TLV-C is typically used for substances that are fast-acting, and dangerous in even short exposures. It is good
practice to select the lowest of these three values as the action limit.
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RECAP - TLVs, PELs, RELs

TLV: Threshold Limit Value

. an 8-hr time weighted average concentration of a contaminant that should not be
exceeded

. considers toxicity, type of health effect, epidemiological data, industrial use data,
and technological feasibility

. intended to protect nearly all healthy or average workers for a work-lifetime
exposure

. issued by the American Conference of Governmental Industrial Hygienists
(ACGIH)

. TLVs are updated bi-annually

PEL: Permissible Exposure Limits

. an 8-hr time weighted average concentration of a contaminant that is not be
exceeded

. most OSHA PELs were based on the 1968 TLVs - until 1989, when Federal OSHA
adopted the 1987 TLVs.

. OSHA enforceable standards

. No established program for updating

REL: Recommended Exposure Limit

. 8-hr time weighted average concentration that should not be exceeded

. does not have to take technical and economic feasibility into account is health-based
. many are more protective than OSHA PELs or ACGIH TLVs

. are updated on case-by-case basis

. issued by NIOSH
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ESTABLISHING EXPOSURE LIMITS

. For specific chemicals and compounds (gasoline) use PELs, RELs, or
TLVs.
. When specific contaminants are unknown, use total atmospheric con-

concentrations following EPA emergency response team action levels:

Concentration Protective Clothing and Equipment
- Background Level D
- 5 ppm above background Level C
- 5-500 ppm Level B
- >500 ppm Level A

When the identities and concentrations of airborne contaminants are known, the PEL,
REL, and TLV can be used to establish the permissible exposure limit. In unknown
situations, such as may exist at an abandoned UST site, total atmospheric concentrations
(with a number of conservative restrictions) can be used to establish limits until the
airborne contaminants can be identified and quantified. In these instances, it may be
appropriate to use the EPA Emergency Response Team (EPA-ERT) action levels (listed
above).

NOTES

The EPA-ERT action levels are guidelines only. Obviously, for some contaminants they would be inadequate,
for others, far too stringent. However, when used with some common sense, they are good, general protection
levels for unknown contaminants.

Action levels were developed by EPA to provide basic guidelines for decision-making in
unknown situations. They address the four major site hazards: oxygen deficiency,
explosive atmospheres, radioactive environments, and toxic atmospheres. If any of these
hazards are suspected, monitoring with site screening instruments should be conducted prior
to site entry.
INFORMATION SOURCES AND STANDARDS FOR
CHEMICAL EXPOSURES

1. Federal OSHA Standards 29 CFR 1910.1000 Air Contaminants - list of PELSs

2. ACGIH - Threshold Limit Values
Documentation of the TLVs
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3. AIHA - Workplace Environmental Exposure Level (WEEL) Guides

4. NIOSH Criteria Documents and Health Hazard Evaluations - provides RELs
(Recommended Exposure Limits for chemical substances)

5. Material Safety Data Sheets - from your employer who gets them from chemical
manufacturers

6. References:
. NIOSH Pocket Guide to Chemical Hazards

. CHRIS Manual (U.S. Coast Guard)

TELEPHONE: GETTING INFORMATION ON CHEMICALS

Source or Information Telephone Number
Hazard Evaluation System & Information (415) 540-3014
Service (HESIS): (M-F 1-5 p.m.)
Community Hotline: 1-800-233-3360
Federal OSHA: 1-800-648-1003
ADOSH Consultation: 602-542-5795
RCRA/Superfund Hotline: 1-800-424-9346
EPA's Small Business Ombudsman Hotline: 1-800-368-5888
UCLA-LOSH: 213-825-3877

Module 2-29



MODULE 3

Objectives

FIRES AND EXPLOSIONS

Participants will be able to:

Name the three primary elements of the fire triangle.

List the four fire physical characteristics.

Define flash point and flammability and discuss their significance.
Describe flammable characteristics of petroleum products.

Describe the causes of explosions and define explosivity limits UEL and
LEL.

Describe general safety, measures in the presence of explosive gases,
vapors, or ignitable liquids.

Name the effective method for controlling the "fuel" point of the fire
triangle.

Identify the effective methods for controlling the "oxygen" point of the
triangle.

Name several potential sources of ignition, static electricity, and sparks.
List methods for reducing static electricity and sparking.

Describe several situations in which fire and explosion potential are most
prevalent.
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Flammable Atmospheres

Two things make an atmosphere flammable: (1) the oxygen in the air and (2) a flammable gas,
vapor, or dust in the proper mixture. Different gases have different flammable ranges. If a
source of ignition (e.g., a sparking or electrical tool) is introduced into a space containing a
flammable atmosphere, an explosion will result.

An oxygen-enriched atmosphere (above 21%) will cause flammable materials, such as clothing
and hair, to burn violently when ignited. Therefore, never use pure oxygen to ventilate a
confined space. Ventilate with normal air.

FLAMMABLE ATMOSPHERE

GAS, VAPOR, SOURCE OF
OR DUST IGNITION

The Ignition Triangle
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THE FIRE TRIANGLE

. For a fire to burn, three primary elements must coexist in appropriate
ranges.

Fire is a rapid and persistent chemical reaction accompanied by the emission of heat and light.
Three primary elements, represented by the fire triangle, must be present for a fire to burn:
oxygen, fuel and a source of ignition.

Each side of the fire triangle represents one of the necessary elements of fire. The center of the
triangle represents the optimal fuel-to-oxygen ratio with enough heat to ignite the mixture. If
any of the elements are removed, however, there can be no fire (this is represented by the corners
of the triangle). For example, if the wood on a campfire is consumed or removed, the fuel
supply is no longer sufficient to sustain combustion.

NOTES

A more modern fire triangle would have these three elements: oxidizer, fuel, and energy source. Energy can
be produced by chemical reaction, mechanical action, or electrical discharge. All these factors may come into
play at UST sites.

It is important to understand that it is not the liqud which burns. Vapors are produced, which are heated and
broken into simpler compounds (such as methane) which will readily oxidize. The flame above a solid
material is also the result of the burrning of heated gases. Surface burning may occur after all the volatile
materials are driven off, as in the case of burning charcoal. Surface burning also occurs when metals burn.

Once started, a fire will continue until the fuel or oxygen concentration falls below a
minimum value. A fire commonly results from the combination of some combustible
material with oxygen, but the oxidizer does not have to be O,. The oxygen may be part of a
chemical compound such as nitric acid or ammonium perchlorate. Combustion may also
occur, in some cases, without oxygen being involved (e.g., brake fluid can be ignited by
chlorine).

NOTES
Oxidation can occur with any chemical material that can easily yield oxygen, or a similar element. Similar

compounds include fluorine, chlorine, and bromine. However, simply because a compound contains these
elements does not make it a strong oxidizer. Carbon dioxide has two oxygens, but is not an oxidizer.
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FIRE CHARACTERISTICS

. Flammability
. Ignition temperature
. Flash point

Combustion is the burning of any substance, whether gaseous, liquid, or solid.

Flammability is the ability of a material to generate a sufficient concentration of combusti-
ble vapors to be ignited. The flammable range is the range of vapor-air mixtures which
will support combustion. It is bounded by the upper flammable limit (UFL) or the highest
concentration of a product that is flammable and the lower flammable limit (LFL) or
lowest concentration of a product that is flammable. Concentrations outside this range
that are too vapor-rich or too vapor-poor, will not ignite.

NOTES

Combustion and flammability have technical and regulatory definitions. It is important to understand this
difference. The technical, or scientific definition is given above. The Department of Transportation has its
own definitions for flammable and combustible. By the DOT definition, flammable means any liquid with a
flash point of 100°For less. Combustible is any liquid with a flash point greater than 100CJF. This is a strictly
regulatory definition. What's the difference between material with a flash point of 99°Fand one with a flash
point of 102[1F?

Ignition temperature is the minimum temperature to which a substance in air must be
heated in order to initiate, cause, self-sustained combustion independent of the heating
element.

NOTES

Ignition temperature is also referred to as "auto-ignition temperature." Ignition temperature is important in
many applications, but not so much for determining fire hazard, strangely enough. For instance, gasoline is
much more of a fire hazard than diesel, yet the auto-ignition temperature of diesel is at least 100°Fless than
gasoline! The availability of vapor is the key to hazard, not the ignition temperature.

Flash point is the minimum temperature at which a substance produces sufficient flamma-
ble vapors to support a flame when an ignition source is present. Table 4-1 delineates fire
hazard properties of various flammable liquids, gases, and volatile solids.
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Table 4-1 delineates fire hazard properties of various flammable liquids, gases, and volatile
solids.

TABLE 4-1
Fire Hazard Properties of Some Flammable Liquids, Gases, and
Volatile Solids (abstracted from NFPA 325-M-1984, p. 9-95, 1984)

Flammable limits

Ignition % by volume Specific Vapor Boiling
Flash point temperature gravity density  point
Chemical °F(°C) °F(°C) LEL UEL (Water=1) (Air=1) °F(°C)
Benzene 12 928 1.3 7.9 0.9 2.8 176 (80)
(-11) (498)
Fuel Oil, 150-170 765 1
No. 6 (66-132) (407)
Gasoline' -45 536 1.4 7.6 0.8 34 100-400
CsH;; to (-43) (280) (38-204)
CyH,0
Gasoline' -50 824 1.3 7.1
aviation (0-48) 471)
Toluene 40 896 1.2 71 0.9 3.1 231 (111)
) (480)
m-xylene 81 982 1.1 7.0 0.9 3.7 282 (139)
27 (527)

'Values may vary for different gasoline grades.
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FLASH POINT/FLAMMABILITY RELATION

e Highly flammable - flash point <100°F

e Moderately flammable - flash point >100°F but <200°F

o Relatively inflammable - flash point >200°F

The relative flammability of a substance is based on its flash point.

Flash point is defined as the minimum temperature at which a substance produces
sufficient flammable vapors to ignite when an ignition source is present. An ignition source
could be the spark from static electricity, an electrical tool, or a wayward cigarette butt.
NOTE: In the case of liquids, it is not the liquid itself that burns, but the vapor above it.

NOTES

Flash point is the single most important factor to look at in determining fire hazards. The National Fire
Protection Association (NFPA) determines flash points. If the temperature of a liquid has reached the flash
point, or higher it will be ignited by a spark, if the fuel/air mixture is right. There is a value called the "Fire
Point." The "Fire Point" is the temperature the liquid must reach to generate enough vapors to sustain a
flame. For practical purposes, however, we are only concerned with the flash point. If the liquid is at the
flash point, and an ignition source is present, there will be a fire.

FLAMMABLE CHARACTERISTICS OF GASOLINE

. Readily generates flammable vapors at atmospheric temperatures (NFPA
=3).

. Flash point: -45°F.

. Flammability limits: LFL = 1.4% and UFL = 7.6%.

Gasoline is one of the dangerous petroleum products because it readily generates
flammable vapors at atmospheric temperatures (down to -45°F) and generates these vapors
within an UST. It is this vapor, not liquid gasoline itself, that burns or explodes when
mixed with air and an ignition source. The relatively low flash point of gasoline means
almost any source of ignition can cause an explosion.
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NOTES

Much of the nomenclature in the petroleum industry is rather vague. For instance, fuel oils can be classified
as middle, heavy or residual distillates. Jet fuel, may range between kerosene-like blends with middle
distillate properties, to blends much more like gasoline, a light distillate. Don't get hung up on the light-
middle-heavy-residual distillate terminology. It is general. Look at the properties of the fuel or oil of
concern.

The concentrations of vapors in USTs storing gasoline is normally too rich to burn (i.e., is
above the upper flammability limit). However, if the temperature of the liquid gasoline is
in the -10°Fto -50°Frange and if the system is at equilibrium, the concentration of vapors
will be within the flammable range. In practice, however, the liquid is exposed to air which
dilutes the vapors. The dilution takes place above the surface of the liquid, thus increasing
the chance that the concentration of the fuel will pass through the explosive range, even if
the concentration immediately above the liquid is too rich to burn.

Gasoline has a National Fire Protection Association (NFPA) Standard of 3. The NFPA
developed Standard 704M, a five-step ranking system from 0 (lowest) to 4 (highest), to
identify relative health hazards. The NFPA standard addresses three categories: (1)
flammability, (2) health, and (3) reactivity. Gasoline is rated 3 in the NFPA category for
flammability. An NFPA value of 3 indicates that gasoline is a liquid that readily ignites
under typical ambient conditions.

FLAMMABLE CHARACTERISTICS OF MIDDLE DISTILLATE FUELS

Kerosene, aviation fuels, diesel fuels, and Fuel Oils Nos. 1 and 2:

. Diesel fuels and fuel oils (Nos. 1 and 2) are relatively nonflammable
(NFPA =2).

. Kerosene grades Jet-A/A-1, JP-5/7/8 are relatively nonflammable (NFPA
=2).

. Jet B and JP-4 (gasoline/kerosene blends) present a higher degree of fire

hazard (NFPA = 3).

Middle distillates, which include kerosene, aviation fuels, diesel fuels, and Fuel Oils No. 1
and 2, have a wide range of flammability.

The diesel fuels and fuel oils are relatively nonflammable. They required limited heating at

ambient temperatures to ignite. The lower flammability limit (LEL) for diesel fuel is 1.3%.
The upper flammability limit (UFL) is 6%.
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Aviation fuels are divided into the kerosene grades (Jet A, A-1, JP-5, 7 and 8) and the
"wide cut" blends of gasoline and kerosene (J-4 and Jet B). Wide cuts are lighter blends
and more closely resemble gasoline. The kerosene grades are relatively nonflammable, but
the wide cut blends represent a significantly higher fire hazard.

NOTES
Jet A F.P.=100-150°F; LFL = 0.7% with significant variability; UFL = 5% with significant variability.
JP-4  F.P.=20°F (variable); LFL = 1.3% (variable); UFL = 8.0% (variable).

The vapor space in a tank storing a low vapor pressure liquid, such as kerosene, contains a
mixture too lean to burn (i.e., below the LFL). The vapor space of UST storing materials
such as JP-4 and Jet B (and other liquids of similar vapor pressure between 2 and 4 psi)
presents a fire hazard because the vapors are normally in the flammable range.
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FLAMMABLE CHARACTERISTICS OF RESIDUAL FUELS
Fuel Oils such as Nos. 4, 5, and 6:
. Relatively nonflammable; (NFPA = 2).
. Flash points:

Nos. 4 and 5 = 130°F to 335°F
No. 6 = 150°F to 270°F

. LFL:

Nos.4and 5= 1%
No. 6 =1%

o UFL:

Nos. 4 and 5 = 5%
No. 6 =5%

Residual fuels (Fuel Oils Nos. 4, 5, and 6) are defined as the product remaining after the
removal of appreciable quantities of the more volatile components of crude oil. They have
a high flash point; ignition will not occur until the liquid reaches a temperature of 130°F or
higher. They are not as dangerous as gasoline, however, they do pose a threat.
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FLAMMABLE CHARACTERISTICS OF USED OILS
. Significant variability exists.

. Approximately 30% of 1,000 samples tested had a flash point under
140°F.

Used oils in general are relatively nonflammable, yet they pose special dangers. The
characteristics of used oils are not uniform because the oils take on additional characteris-
tics and components through their use. Thus, used oils may contain toxins or other
dangerous products that a worker may be unaware of.

NOTES

All values and associated hazards are based on certain conditions. For instance, a used oil may be difficult to

ignite, but if a nearby fire heats the oil it may ignite and burn fiercely. Also while diesel is not typically a flash
hazard, if the fuel is spilled on hot concrete or metal, or stored in direct sunlight, the heat may be sufficient to

make diesel a serious hazard.

For instance, the "other products" (often solvents) found in used oil can greatly reduce its
flash point, making it much more flammable. Virgin lubricating oil has a flash point of
3500JF. By comparison, when 1,000 samples of waste oils were tested, 30% of them had a
flash point under 1407 F.

The components of some used oils, particularly chlorinated solvents, pose a special
toxicological hazard in a fire because of their ability to release toxic fumes.

EXPLOSIONS
. Rapid chemical reactions producing large quantities of gas and heat.
. Explosivity is expressed in units (%) by volume of material in air — levels

the same as for flammability (i.e., LEL/UEL).

. Not always the result of combustion; may occur when compressed vapors
expand and burst a container.

Explosions are rapid chemical reactions that produce large quantities of gas and heat, a
shock wave, and noise. Explosivity is expressed as a percentage of a given material in a
volume of air. The lower explosivity limit (LEL) is the lowest concentration of a product
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that is explosive. The upper explosivity limit (UEL) is the highest concentration of a
product that is explosive.

NOTES

UEL and LEL, for all intents and purposes, are the same as UFL and LFL. Bear in mind
that the difference between a fire and an explosion is not a large one. It can simply be the
speed of the reaction. Any material that can burn, if placed under sufficient heat, and
confined as in a tank, can explode with tremendous force.

Generally, explosions can do serious harm much more rapidly than toxic exposure. Ex-
plosions/fire are the most immediate hazard during tank removal or closure activities,
and/or when release investigation techniques are performed in a confined space.

Explosions are not necessarily the result of combustion. In a closed container (such as an
UST), flammable liquids expand when heated. Gasoline, for example, expands about
0.06% in volume for every 10°F increase in temperature. When the pressure inside the
UST exceeds the designed pressure resistance, a ''pressure release explosion" can occur.

Although not directly related to standard petroleum products, Boiling Liquid Expanding
Vapor Explosions (BLEVEs) are important due to their tremendous destructive force.
BLEVEs occur when compressed gases (e.g., LPG) are stored as liquids at temperatures
above their normal boiling points. If the vessel is exposed to a fire, the rapid buildup of
pressure, coupled with heat-induced weakening of the tank sides, results in a sudden and
violent rupture, with the superheated liquid vaporizing and creating a fireball.

PRESCENCE OF EXPLOSIVE VAPORS OR IGNITABLE LIQUIDS

. Use only explosion-proof cameras.

. Remove batteries from flash cameras, or do not use.
. Do not smoke or use matches or lighters.

. Immediately change clothing saturated with oil.

If a worker discovers that vapors or liquids are present in a confined structure and a rapid
assessment indicates the potential for an explosion or fire, the worker should take general
safety measures at once.

. All persons should be kept away from the danger area, except those properly
trained and equipped.
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. The local fire department should be alerted.

. A trained operator of a combustible gas indicator should determine the concentra-
tion of vapors present. Oxygen levels must also be monitored.

. Persons in the area should not smoke, start/use vehicles or equipment with internal
combustion engines, or touch electrical switches or extension cords.

. Instruments used at HW or UST sites must not contribute to the potential for an
explosion or fire. Insurance and safety organizations have developed codes for
testing electrical devices used in hazardous situations, and an electrical instrument
certified for use in hazardous locations will indicate this. If an instrument does not
have an approved rating, it should not be used in a hazardous or potentially
hazardous situation.

PURGING

Effective method for controlling the "fuel" point of the fire triangle.

. Purging replaces flammable vapors in the tank with air.
. Purging reduces the flammable vapors in the tank (<LEL).
. Effectiveness of purging must be checked with monitoring equipment.

Purging is an effective method for controlling the fuel point of the fire triangle because it
reduces the atmosphere within the tank. Purging or ventilating the tank dilutes the
flammable vapors in the tank with air, thereby reducing the flammable mixture of fuel and
oxygen.

An eductor-type air mover, typically driven by compressed air, draws vapors out of the
tank and forces fresh air into the tank. The fill (drop) tube should remain in place to
ensure proper ventilation of the tank bottom. Discharge vapors should be dispersed 12 feet
from the tank in order to ensure that flammable vapors are being vented effectively into
the upper atmosphere.

Most petroleum products have a flammable range of 1-10% by volume in air, the amount
of fuel vapor necessary to become flammable in the presence of oxygen and an ignition
source. Below a fuel vapor level of 1% (the lower explosive limits or LEL), the mixture of
fuel and oxygen is too small to support combustion. The goal of purging a tank is to reduce
the flammable vapors in the tank well below the lower explosive limit.
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Purging should not be undertaken on hot, humid days or on nonwindy days because the
still air will not disperse the flammable vapors. In order to maintain safe conditions, site
work should be put off for a day.

Purging is a temporary procedure. Product trapped in bottom sludge and wall scale
regenerates flammable vapors inside the tank. Therefore, when purging, lower the
flammable concentration to 20% of the accepted LEL value of the mixture. Tank should
be constantly monitored to ensure that the LEL value does not exceed 20%.

Use a Combustible Gas Indicator (CGI) to measure the reduction in the concentration of
flammable vapors during purging. Periodically test the percentage LEL inside the tank, in
the excavation, and any other below grade areas.

CAUTION: 1n 4ir purging, with plenty of oxygen present, the concentration of vapors
in the tank begin in the flammable range, or may go from too rich through the flammable
range before a safe concentration is achieved. It is especially important to ensure all ignition
sources have been removed from the area before beginning this process.

American Petroleum Institute Recommended Practice 1604, "Removal and Disposal of Used
Underground Petroleum Storage Tanks."

RP 1604 is widely accepted as a "standard" and contains the purging and inerting procedures
required and accepted by the Arizona State Fire Marshal and by many local fire departments.
Appendix A summarizes RP 1604, Section 4, "Removal of Underground Tanks" is reproduced
therein.
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INERTING

Effective method for controlling the "oxygen" point of the triangle.

. Displaces oxygen in the tank with an inert or nonreactive gas.

. Reduces oxygen below the level needed to support combustion.
. Common inerting materials:

- Dry ice (CO»)

- Compressed nitrogen

. Test with oxygen meter to ensure effectiveness.

Inerting controls the oxygen element of the fire triangle. Inerting reduces the concentra-
tion of oxygen needed to support combustion (<12-14% oxygen by volume) by replacing
the oxygen with an inert gas.

NOTES

Compressed CO; is sometimes used, but any compressed gas must be introduced slowly, to
prevent generation of static electricity.

Common inerting materials include dry ice (CO;) and compressed nitrogen. During the
inerting process, gases should be introduced under low pressure in order to avoid
producing static electricity. If pressure cylinders are used, they must be grounded to
prevent static electricity. In the case of CO,, it is best applied in solid, dry ice form.

NOTES

Fifteen to 20 pounds of dry ice per 1,000 gallons of tank is recommended. The ice should
be crushed and spread as evenly as possible. Using dry ice may take longer than using
compressed gases, since there is very little momentum for the vapors released from it.

It is important to recognize that the inert gas does not '""neutralize" the flammable vapors
in the tank; it simply displaces the oxygen. Moreover, air may re-enter the tank causing
explosive vapors to again be present. To measure the effectiveness of the inerting
procedure, test the air inside the tank with an oxygen indicator. Eight percent or less
oxygen by volume is a safe and acceptable level.
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SOURCES OF IGNITION
Sources of ignition include:

. Sparks generated by tools, monitoring instruments, combustion engines,
cigarette lighters, etc.;

. Static electricity;
. Smoking cigarettes;
. Electrical appliances; and

. Lightning.

"Source of ignition" is the easiest point of the fire triangle to control.

There are many possible sources of ignition during handling and transfer of petroleum
products. These sources include static electricity; sparks generated by tools, excavating
equipment, monitoring equipment, and engines in the area; smoking cigarettes; or even
electrical appliances or lightning. Any one of these is enough to complete the fire triangle
with a source of ignition.

SPARKS
Sparks can be generated by:
. Static electricity.
. Striking the tank with a metal instrument (hammer, backhoe).
. Striking a rock with a metal during excavation.
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The primary manifestation of static electricity is the discharge or sparking of accumulated
charges. Under the right conditions, these sparks can be the ignition source for a fire or
explosion. Sparks can also be self-generated by humans or created through induction.

Sparks can be generated at by static electricity, striking metal on metal (i.e., hammer on
the tank), or striking metal on rock as when digging with a backhoe. Sparks are also
created by the ignition of electrical or combustion engines and pumps, use of
nonintrinsically safe monitoring instruments, and lightning. Precautions need to be taken
to eliminate the possibility of fire explosions being caused by these activities.

STATIC ELECTRICITY

Sources of static electricity include:

. Filling a tank with petroleum (by movement against piping surface and by
splashing);

. Settling of rust or sludge particles;

. Motorized equipment;

. Self-generation by humans; and

. Induction.

The static charge resulting from flowing liquids is of primary importance during the
transfer of petroleum products. Static electricity is generated by the separation of like and
unlike bodies. When liquid flows, charging occurs because absorbed ions are separated
from free ions that are carried into the body of the liquid by turbulence. For example,
static results from liquid dropping into a tank during product deliveries, liquid flowing
through a hose when product is pumped from the tank, or compressed gas or air being
released into the tank atmosphere.

During transfer, static electricity can be generated by the flow of fuel through small holes
into the tank. The movement of the fuel against the pipe also generates a static charge.
Furthermore, static electricity can be generated by the settling of rust or sludge particles.

Motorized equipment used during tank installation, testing, and closure may generate

static electricity. In order to minimize such risk personnel should ground all equipment
during operation.
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Static changes may be formed by induction. It is not as common as other methods (with
regards to USTs), but can happen.

For simplicity's sake, it can be said that bringing a charged object near another, uncharged
object may result in the unchanged object becoming charged.

Like charges repel, unlike charges attract. Consider a charged rod brought near two
neutral globes, touching each other.

1. Objects neutral.
2. Charged rod caused polarization to occur in spheres.
3. Separate objects, and both are charged, one positive, one negative.

REDUCING STATIC ELECTRICITY AND SPARKING
Two effective methods:

. Bonding equalizes static electricity by creating a conductive connection
between two entities (e.g., UST and tank truck).

. Grounding diverts static electricity into the earth to eliminate its buildup.

Bonding and grounding are two effective methods to reduce the potential for electrostatic
charge generation and sparking, and the subsequent potential for fires and explosions.

Bonding entails running a conductive line from one metal object to another. This equalizes
static electricity by creating a conductive connection between two entities which lessens the
likelihood of sparks jumping from metal to metal. Cargo tanks should be electrically
bonded to the fill stem, piping or steel loading rack. Also, all metal parts of the fill pipe
assembly should form a continuous electrically conductive path downstream from the point
of bond connection.

NOTES
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Bonding ensures that individual components of a system do not build up charges. In
essence, you slow down the charge buildup by distributing it over a bigger area. However,
the entire bonded system will eventually build a significant charge. Bonded systems should
also be grounded.

Grounding entails running a conductive line from a metal object to the ground. This will
dissipate any charge on the outside surface of the tank by having it flow into the ground.

FIRE AND EXPLOSION POTENTIAL

The threat of fire and explosion is most prevalent when handling and transferring petroleum
products during the following UST-related activities:

. Tank/Pipe Installation/Upgrade
- Explosion can occur during pressure testing.
. Petroleum Release Investigation
. Leak Detection Testing
- Presence of leaking products or vapors.
. Installation of Monitoring Wells/Sampling

- Drilling into buried utility lines.

Assuming an UST is well maintained, the greatest fire and explosion hazard occurs during
the transfer of the product to or from storage and during the cleaning and removal of
USTs.

Although the handling and transfer of petroleum products has been safely undertaken for
decades, UST workers should not believe that this transfer is risk- and hazard-free.

The transfer of flammable and explosive products (liquids and vapors) may occur during
tank testing or repair, tank upgrades, tank closure or removal, tank refilling or corrective
actions. UST workers should be aware of the risks associated with these activities.

Due to the danger of violent rupture, use extreme caution when performing pipe and tank

testing during tank installation. Do not pressure test any piping or tanks that contain
flammable or combustible liquids. Do not exceed internal tank pressures of 5 pounds psig
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during pressure testing. Install a pressure relief valve at 6 pounds psig. Use a pressure
gauge with a range of 10-15 psig, and test both the inner and outer shells of double-wall
tanks. Avoid standing near endcaps of an UST during pressure testing. The endcaps are
the most vulnerable to explosion.

FIRE AND EXPLOSION POTENTIAL (continued)
. In-Place Tank Closure
- Presence of product or vapors while draining the tank.
. Tank/Pipe Removal

- Even though vapors are removed, product may still
be trapped in sludge.

. Used Tank/Pipe Disposal

- Vapors can still be regenerated from inert or purged
tank.

Whether a tank is to be removed from the ground, or closed in place, product trapped in
the sludge at the bottom of the tank or absorbed in the tank wall, or trapped under the
scale, is a continuous source of vapor regeneration. Cleaning the tank will decrease the
amount of vapor regeneration.

After the tank is purged or inerted, to make it safe for handling, the sludge can be washed
to one end of the tank and pumped out while the tank is still in the excavation. If the scale
is stubbornly caked on, the contractor may have to enter the tank for manual cleaning.
Make sure appropriate safety procedures are followed, and a continuous stream of fresh
air is introduced into the tank. Make sure the contractor blocks the tank to prevent any
movement. If tank sludge contains sufficient lead or other substances to be considered a
hazardous waste, dispose of it in an environmentally approved manner consistent with the
Resource Conservation and Recovery Act (RCRA).

Tanks should be removed from the site as promptly as possible after vapor-freeing
procedures have been completed, preferably the same day. If the tank remains onsite
overnight or longer, additional vapor may be regenerated from any liquid, sludge, or wall
scale remaining in the tank. Regardless of when they are removed, tanks should be
checked with an explosimeter prior to movement/handling, to ensure that 20% of the LEL
is not exceeded.
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If a leak has occurred, contaminated soil and free product will also generate vapors outside
of the tank. An explosimeter should be used to check explosive levels in the excavation as
well as in the tank itself.

Table 4-2 provides examples of actual accidents that have occurred during the handling
and transfer of petroleum products.

Module 3-20



Table 4-2
ACCIDENTS INVOLVING HANDLING AND TRANSFER
OF PETROLEUM PRODUCTS

Some reported accidents involving the handling and transfer of petroleum products are presented below.
Notice that a large number of accidents occur during closure:

Explosion in Tank "Deemed Safe" Kills One

Georgia, 1990 — A Snellville, GA, man died April 17 when a 10,000 gallon underground gasoline storage
tank exploded at Dry Storage of Georgia. The tank was deemed safe 2 hour before the explosion
occurred. The worker was a five-year employee of Westinghouse Environmental and Geotechnical
Services, a company that specializes in removing underground tanks. This is the third death in Georgia
in less than a year involving a tank closure.

Worker Dies in ""Preventable" Accident

Tulsa, 1990 — An underground storage tank explosion killed a worker and blew out the windows in
nearby stores. The explosion occurred when two workers were attempting to cut a fill pipe from an UST
created a spark that ignited the gasoline vapors. The ensuing blast blew the 5-ft end off the tank. The
flying metal disk traveled 20 ft and decapitated a co-worker who was returning to the job site from a
convenience store located across the street. A Tulsa Fire Department spokesman characterized the
incident as "a highly preventable accident."

Worker Dies from Trauma Following Explosion

Tulsa, 1990 — An explosion in an empty gasoline storage tank killed a worker as he was dismantling it
with an acetylene torch. According to authorities, the steel tank had been removed from ground the week
prior to the explosion and a substance was placed in it to help ventilate fumes. The plumbing company
returned to begin dismantling the tank, assuming it to be free of fumes. The 2,000-gallon steel tank
exploded when the worker, employed by the plumbing contractor, applied an acetylene torch to it. The
end of the tank blew out and propelled the worker backwards about 25 ft, where he hit a building. The
man died, apparently from trauma suffered when thrown by the explosion. In addition, a building on the
property and a truck owned by the plumbing contractor were damaged.

Explosion Crushes Worker

Indianapolis, 1990 — Employees of a company which collects empty tanks and cuts them up into scrap
metal, were in the midst of purging vapors and cutting tanks when the accident occurred. A worker was
using an acetylene torch to cut a tank when an adjacent tank exploded, pushing it 6 ft forward into the
one he was working on. The worker was crushed between the tank he was working on and a wrecker
parked nearby. Investigators suspect that the tank that exploded either had not yet been cleaned or had
been cleaned improperly.
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Table 4-2 (cont.)

Self-Employed Scrap Iron and Metal Dealer Killed While "Scrapping" an Abandoned Underground
Storage Tank

The man was working along and using an acetylene torch to cut the tank into scrap when the flame from
the torch ignited fumes inside the tank and touched off an explosion. The force of the blast lifted the
10,000-gallon tank into the air, sending it about 50 ft from its initial spot. A tank was blown about 450 ft
into a nearby field.

The tank measuring 20 ft by 10 ft, was reportedly used for underground storage of residential heating oil.
However, individuals at the accident scene speculated the tank actually contained gasoline or gasoline
residue, and that fumes from the gasoline ignited. The victim's brother said the worker was experienced
in cutting scrap metal and "knew better than to cut up a gas tank."

A Man Working for a Firm in Ohio that was Retained to Sandblast an Underground Storage Tank Dies

He turned on an electric vacuum cleaner as he prepared to clean sand from the tank bottom. A spark
from the vacuum cleaner ignited the vapors inside the tank, causing it to explode. He died later as a
result of the burns suffered in the blast.

Four-Man Crew Cutting the Top Off an Empty Tank at Kerr-McGee's Cotton Valley Refinery

A piece of equipment apparently ignited vapors inside the tank. The blast killed three men inside the
tank; the fourth man had left the tank to get some tools and escaped unharmed.

Two Employees Remove Suction Pump from a Pump Island

They proceeded to break out the concrete inside the island in order to relocate the product line. Instead
of capping the exposed line, they stuffed a rag in it to keep the dirt and broken concrete out. While
cleaning the island with shovels, a spark was created which ignited the fumes coming through the rag.
The rag immediately caught fire and burned until the employees smothered it with dirt. They were
fortunate not to have had an explosion and in the future, will cap or plug all exposed lines.

Oregon Tank Workers Places Lighted Rag Down a Fill Pipe to Determine if the Tank Contained Vapors

The tank did contain vapors and an explosion resulted.
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FIRE EXTINGUISHERS
Class "A'" Extinguishers
. For common combustibles (paper, wood, plastic, fibers, etc.).

. Rated by comparison to 1 gallon of water; thus, a 4A extinguisher is as effective as 4
gallons of water.

Class "B" Extinguishers
. Are for burning liquids and gases (LPG, paint, acetylene, gasoline).

. Are rated by the size of fire that a novice can extinguish. A 10B rating means a
novice can extinguish 10 ft? of burning liquid.

Class "C" Extinguishers
. Are for fires involving energized electrical equipment.

. Are typically classed "AC" or "BC" depending on what kinds of materials (paper
vs. liquid) are involved in the electrical fire.

Class "D" Extinguishers

. Are for fires involving combustible metals (magnesium, aluminum powder).

Carbon Dioxide Extinguisher
This extinguisher has a smothering effect on fires. It is effective on Class B and
Class C fires. Itis a nonconductor of electricity. Due to its construction, the
extinguisher should be used in an upright position as opposed to laying on its side.
The 15-pound CO; extinguisher will last approximately 20-30 seconds with an
effective range of 6-8 feet.

Operation of the Carbon Dioxide Extinguisher

a) Remove the pin. (Place left hand on extinguisher neck, pull pin with right

hand.)
b) Remove nozzle from clip or adjust nozzle on smaller units to desired angle.
) Direct at base of fire, advance toward fire, press trigger.
d) Start at edge of fire, use sweeping motion.

e) Continue applying CO; to prevent flashback.
f) Do outside - keep wind to your back.
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The Dry Powder Extinguisher

This extinguisher has a smothering effect on fire. Itis a good extinguisher on Class
B and Class C fires. Itis a nonconductor of electricity. The 20-pound extinguisher
will last approximately 20 seconds. The dust cloud may extend up to 20-25 ft but
best effective range is 10-15 ft or closer. Powder is made up predominately of
sodium bicarbonate. It is propelled by a cartridge of inert gas, usually CO,. If fire
is in an area where machinery or product may be damaged by the dry powder, a
CO; extinguisher may be a more desirable extinguisher if there is a choice.

Operation of a Dry Powder Extinguisher

a) Pull pin by holding extinguisher with left hand, pull with right.

b) Remove nozzle from clip.

¢) Push lever down to break seal in cartridge.

d) Direct at base of fire.

e) Squeeze handles together and apply with a sweeping motion.
f) Continue application to prevent flashback.

g) If outside - keep wind to your back.
Pressurized Water Extinguishers

Operates under air pressure. This extinguisher carries approximately 125-190
pounds pressure on the gauge. Contains 2’2 gallons of water. Effective range up to
30-40 ft. Used on Class A fires only. Can make a spray by using fingertip over
nozzle to deflect water.

Operation of Pressurized Water Extinguisher
a) Pull pin, hold extinguisher with left hand, pull pin with right.
b) Remove nozzle from the clip.

¢) Direct at base of fire.
d) Squeeze trigger.
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FLAMMABLE AND COMBUSTIBLE LIQUID

When tanks of flammable liquid are leaking, fire may occur if the contained liquid has a
flash point below 100°F(38°C).

The flash point of a liquid is the lowest temperature at which the vapor given off by the
liquid will mix with air above the surface of the liquid to form an ignitable mixture. It is
not the liquid that burns but the vapor. The possibility of ignition is the greatest for liquids
having low flash points. The lower the flash point, the greater the probability that the
temperature of the liquid or the atmospheric temperature will be materially higher than
the flash point of the liquid. The higher the temperature, the greater the amount of vapor
formed and the greater the hazard. Quite frequently, when leakage occurs in an accident
ignition is caused instantly by friction sparks.

Combustible liquids have flash points between 100°Fand 200°F(38°C and 93°C). They are
more difficult to ignite than flammable liquids, but once ignited, burn very well. On very
hot days, low flash point combustible liquids may evolve enough vapor to require handling
as a flammable liquid. For example, temperatures in confined spaces may be substantially
higher than the ambient temperature, thereby causing vaporization of residual liquid.

If fire occurs, immediately:

1. Rescue injured persons.
2. Pull away any other vehicles that are movable and not burning.
3. Dig holes or build earthen dikes in the path of burning liquid to limit the fire area

and thus protect adjacent property against fire damage.

4. Control fire to protect property but do not extinguish it until all spilled material has
burned. If exposures require fire be controlled, consider the use of foam to reduce
intensity. An extinguished fire will create a flammable vapor hazard. Water
streams are likely to float the liquid and spread the fire.

S. Watch all tanks in the fire for evidence of bulging or the appearance of red "hot
spots" in the metal, which are an indication that the strength of the steel at such
spots is being reduced by heat to a point where it cannot hold the pressure main-
tained in the tank. The hot spots are caused by a flame playing against the shell of a
tank car. Keep all persons away because if the metal fails, a stream of burning
liquid or vapor may be projected many feet. Water streams applied at point of
flame impingement will prevent development of hot spots if sufficient water can be
applied. If water streams are used to cool tanks while hazardous materials are in
the area, runoff should be controlled to limit environmental damage.
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Do not puncture or rupture the shell of a tank involved in a fire. Puncture or rupture will
increase the seriousness of the situation since any opening made in a tank will liberate
more flammable liquid and extend the fire. The safety valves on tank vehicles are designed
to limit internal pressure to much less than the designed bursting pressure of the tank,
provided the valves are not buried or so obstructed that they cannot open. When a tank is
in a position so that safety valves are buried, if it is safe to do so an effort should be made to
roll it into a position where the valves are able to function properly.

When vapors are burning at the safety valves do not extinguish the flame, or else the
leakage from the valves may spread over a large area and ignite, causing a sudden violent
flash fire that may do great damage. It is safer to let the vapor burn at the valves or point
of leakage.

If the fire does not occur immediately in an accident, the hazard of a leak of flammable
liquid is greater than when fire occurs immediately. The vapor given off by flammable
liquid will spread over a large area and will travel faster, especially with the wind, than the
liquid will flow. Vapor cannot be confined, will ignite upon contact with any spark or
flame, and will flash back to the surface from which the vapor originated. After such a
flash of fire the vapor burns above the surface of the liquid.

Guard against the hazards that exist as long as leakage is not on fire:

1. Extinguish all fires and smoking materials in the vicinity. When lights are neces-
sary, use only permissible electric flashlights. Keep internal combustion engines out
of the flammable vapor area. Use an explosimeter to determine the boundary of the
LEL of the flammable vapors.

2. Keep all unauthorized persons out of the area.

3. Dig holes or trenches or build earthen dikes in the path of flowing liquid surface
from which vapor can be given off.
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Cover the liquid with sand, dirt, or appropriate foam to blanket the surface and
reduce the rate of evaporation. The vapor of most flammable liquids is heavier than
air and forms a layer along the ground which mixes slowly with the air. The mixing
with air is increased by wind. The vapor flows along the ground following the slope
of the ground and settles in low places sheltered from the wind. It will not drift or
flow against the wind but may travel a considerable distance with the wind. Vapors
can be dispersed by spraying with water as a fog.

Do not permit liquid to drain into sewers since vapor arising from it may become
ignited at some point far distant from the leak, causing serious damage to life or
property. Do not permit liquid to drain into water sources. Water thus contaminat-
ed may cause environmental harm.

Locate all leaks and stop them if possible. Nonmetallic plugs are useful for this
purpose.

Wrecking operations or transfer of contents of tanks of flammable liquid should not
be attempted until all vapors are dispersed. Cutting torches must not be used on
tanks either empty or loaded. Many liquids regarded as safe under ordinary condi-
tions and transported as combustible or nonregulated materials should be treated as
dangerous in an accident. An empty or partially empty tank with or without
placards is very likely to contain a vapor-air mixture that may ignite. Fumes in any
empty tank should be considered as injurious to a person entering it. An empty
tank should not be entered before it has been cleaned by steaming and checked for
residual vapors. When using cutting torches care must be exercised to avoid contact
with leakage or ground saturated with even such materials as lubricating oils,
asphalts, other petroleum products, vegetable oils, and animal fats, for they can be
ignited and will burn fiercely.

Move to safety the least-damaged vehicles. Avoid sudden shocks or jars that might
produce sparks or friction. No unnecessary attempt should be made to move a
damaged tank from which flammable liquid is leaking.

As a last resort, a tank may be moved by dragging, preferably on a bed of foam. All
persons should be kept at a safe distance, determined by combustible gas detector
measurements. When leaks are expected in handling, empty the tank first by
transfer of contents and make inert with nitrogen or other noncombustible gas.
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MODULE 3

ELECTRICAL HAZARDS/SAFETY

POTENTIAL FOR ELECTROCUTION
. Tank/pipe installation and removal

- Contact with overhead electrical power lines
- Striking underground utility lines

. Petroleum release investigation

- When drilling in the soil for sample collection, danger of hitting utility lines.

SIMPLE ELECTRIC CIRCUIT

Switch
/ /& \
- ource of

——. Electrical
— Power

\Qir_ri{u Flow m /
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DEFINITIONS

VOLTAGE is the electrical potential difference, or the electromotive force between two points

in an electric circuit. If an analogy were drawn between electric current flow and water flow,
the voltage would be the liquid pressure.

AMPERAGE is the rate of flow of electricity in a conductor.

ELECTROMAGNETIC FIELDS are the influence resulting from the flow of electric current
in a conductor or the changing of magnetic influence on a conductor. These fields can be

generated by both electric current flow in wires or by movement of a magnet in the vicinity of
conductors as occurs in a generator.

CURRENT FLOW is the transmission of electrons through a conducting medium. The

medium may transmit current with little resistance and be a "conductor'" or it may offer
resistance to flow and be an "insulator."

INSULATOR is a material which offers great resistance to the flow of electric current flow.

Normally when a material is an insulator it is considered not to allow current to flow. This
naturally has its limits.

ELECTRIC DISTRIBUTION SYSTEM

Current

= @ Current

Flow
3 l
e
Current

Users Facility l
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MOST COMMON WAYS TO RECEIVE ELECTRIC SHOCK

1. Body contact with two energized wires, forming a complete electrical circuit.

2.

Body contact with one energized wire and with ground, forming a complete electrical
circuit.

3. Body contact with a metallic object which has become energized by contact with an
energized wire, and body contact with ground, forming a complete electrical circuit.

ELECTRIC DISTRIBUTION SYSTEM
(MODIFIED)

ot FloW Through Transmission SYSten—,

_

o=
U[] Transtformer UU

A

Current Flow Through Body l
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PHYSIOLOGICAL RESPONSE TO
ELECTRIC SHOCK

DEATH
BURNS (Electric and thermal)

PARALYSIS of arm muscles on a
conductor, "LOCKED ON"

RESPIRATORY BLOCK - Asphyxiation
by interruption of nerve control of
respiratory muscles

SHOCK
FIBRILLATION OF HEART

DISRUPTION OF NERVOUS SYSTEM.
This can be throughout the system.

CARDIAC BLOCK - Interruption of nerve
control of heart muscles

FACTORS AFFECTING PHYSIOLOGICAL RESPONSE
TO ELECTRIC SHOCK

1. Amount of electric current passing through the body (amperage).
2. Duration of the electric shock.

3. Path of the current through the body.

4. Type of electric current.

5. Physical condition of the individual.

6. First aid administered to the victim.
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FIRST AID FOR ELECTRIC SHOCK
REMOVE VICTIM FROM ELECTRIC CIRCUIT.
a. Determine if pulse is regular or fibrillating.
b. Determine if victim is breathing.
IF VICTIM IS NOT BREATHING.
a. Start mouth-to-mouth resuscitation.

b. Continue resuscitation UNTIL the victim resumes regular breathing or is
pronounced dead by a physician.

IF VICTIM'S HEART BEAT IS NOT REGULAR.

a. Start cardiac compression of the chest to force the blood out of the heart.
b. Cardiac compression should continue alternately along with mouth-to-mouth
resuscitation.

CALL FOR HELP — DIAL 911.
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CURRENT

1 mA

1-3 mA

10 mA

30 mA

75 mA

250 mA

4 A

SA

125 A

25-200 A

200 A

PHYSIOLOGICAL
RESPONSE

Perception threshold
Mild sensation

Paralysis threshold of
arms

Respiratory paralysis
Fibrillation threshold 5%

Fibrillation threshold
95%

Heart paralysis threshold

Tissue burning
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CURRENT USES

25w light bulb, 120v

Current use of hand drill
Current use of toaster
Electric arc welder

Household service
entrance current



PHYSIOLOGICAL RESPONSE TO ELECTRIC SHOCK

Alternating Current (mA)
Physiological Effect Direct Current (mA) | 60 cycles 10,000 cycles
Slight tingle 5.2 1.1 12
Shock - felt 9 1.8 17
Shock - painful 62 9 55
Let-go threshold 76 16 75
Muscular contraction 90 23 94
Ventricular fibrillation (3.0 500 100 500
sec duration)
Ventricular fibrillation (0.3 1300 1000 1100
sec duration)
Ventricular fibrillation 1400 280 1400
Death (sustained)

HAZARDS RESULTING FROM ELECTRIC USE

SHOCK

BURNS (electric and thermal)

CUTS from equipment fragmentation

BLINDNESS from electric arc

FIRE
IGNITION of hazardous atmospheres

FALLS from fear or involuntary muscle
contraction

INDUCTIVE CURRENT EFFECTS
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ELECTRIC HAZARD DIFFERENCES FROM CURRENT TYPES
VOLTAGE

Voltage generally makes little difference in shock-type injuries. Amperage of the current is
the dominant issue. When voltage is low the bodily resistance of the tissues will limit the
current flow. Once the voltage exceeds the body's resistance and allows significant current
flow, increased voltage has little affect.

AC vs. DC CURRENT

AC or alternating current has a much greater physiological impact on the muscle tissues. The
rapid changing of polarity results in rapidly changing electromagnetic fields which disrupt the
nervous electrical signals. These field changes also cause pain in the muscles. DC or direct
current does not normally cause these changes in electric fields and therefore normally
requires higher current to cause the same response.

FREQUENCY

Lower frequencies (60 cycles) have greater physiological responses in low amperage currents.
As frequency increases to 10,000 cycles the response levels approach those of DC current.

CAUSES OF ELECTRIC ACCIDENTS AND INJURY

1. Unsafe electric equipment and installation.

2. Improper application of electric equipment.

3. Improper use of electrical equipment in hazardous atmospheres.

4. Use of normal equipment when hazardous atmospheres have been created around the
equipment.

S. Unsafe work practices.

Module 3-8



METHODS OF ELECTRICAL PROTECTION
INSULATION
Insulation of conductors, physical separation, insulation of tools.
GUARDING

Isolation of electrical equipment and switch gear from work areas, enclosing electrical
connections in metal boxes, installation of electrical conductors in conduit or cable trays.

MECHANICAL DEVICES

Circuit breakers, ground-fault circuit interrupter (GFCI), switches.

SAFE WORK PRACTICES

Lockout-tagout procedures, hazard signs, color coding of conductors, training.

SAFE DISTANCES FOR CRANES AND BOOMS
FROM ELECTRIC LINES'
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<50 Kv

>50 Kv

12 Kv

69 Kv

120 Kv

500 Kv

129 CFR 1910.180(j) and 1910.333(c).

10 feet

10 feet + 0.4 inches/Kv above 50 Kv, or
twice the length of the insulator but never
less than 10 feet

10 feet

10 feet 8 inches

12 feet 4 inches

25 feet

PURPOSE OF LOCKOUT-TAGOUT PROCEDURE

This procedure establishes the minimum requirements for the lockout or tagout of energy-
isolating devices. It shall be used to ensure that the machine or equipment is isolated from
all potentially hazardous energy, and locked out or tagged out before employees perform
any servicing or maintenance activities where the unexpected energization, start-up, or
release of stored energy could cause injury.
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OTHER PHYSICAL HAZARDS

In addition to the areas already discussed, evaluation of a UST work site should consider
the following potential hazards:

1.

TEMPERATURE

Extremely hot or cold temperatures can present problems for workers. For
example, if a confined space has been steamed, it should be allowed to cool before
entry is made.

ENGULFMENT HAZARDS

Loose, granular material stored in bins and hoppers, such as grain, sand, coal, or
similar material, can engulf and suffocate a worker. The loose material can crust or
bridge over in a bin and break loose under the weight of a worker.

NOISE

Noise within a confined space can be amplified because of the design and acoustic
properties of the space. Excessive noise cannot only damage hearing, but can also
affect communication, such as causing a shouted warning to go unheard.

SLICK/WET SURFACES

Slips and falls can occur on a wet surface causing injury or death to workers. Also,
a wet surface will increase the likelihood for and effect of electric shock in areas
where electrical circuits, equipment, and tools are used.

FALLING OBJECTS

Workers in confined spaces should be mindful of the possibility of falling objects,
particularly in spaces which have topside openings for entry, and where work is
being done above the worker.

RADIATION
UST workers may encounter sources of radiation on industrial or disposal sites. A

check for radioactivity should always be made where complete site history is not
known and site has not been characterized.
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COMPRESSED GAS CYLINDERS

Consult Compressed Gas Association (CGA) requirements - those are referenced by
Federal OSHA in 29 CFR 1910.101, the Compressed Gases (General Requirements)
Standard

Requirements CGA Citation
routine visual pamphlets c-6-1968
inspection by and c-8-1962

employer (also DOT regs.)

in-plant handling, pamphlet p-1-1965

storage, proper
restraints, etc.

safety relief devices pamphlet s-1.1-1963
and s-1.2-1963

According to CGA code, the following items are specified for each type of
compressed gas:

cylinders of specific size, general shape and pressure rating
fittings (pipe threads) cut so that no other gas fitting can be connected, valves
of different design, construction

* cylinders of specific color, markings and labeling.

Also, gases are rated according to standards of purity

Gas cylinders must be properly stored and restrained - also for transport (see DOT
regulations)

Some gases are compressed at high pressures ( >2,000 psi) such as breathing air and
oxygen. This poses two hazards:

1. Explosion, and

2. The cylinder could very suddenly become a very high speed airborne
projectile, i.e., a missile, if there is a sudden, rapid loss of pressure through a
broken stem valve. (Gas cylinders such as SCUBA tanks have been known to
fly several hundred feet through the air at high speeds, passing through the
walls of buildings before they stop, and causing tremendous destruction.)

Finally, gas cylinders should be stored in a cool, dry place out of direct sunlight.
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A standard 330-ft’ cylinder pressured to 2,640 psi can, after a cylinder valve is broken off,
become a rocket attaining a speed of several miles per hour in a fraction of a second after
venting from the broken cylinder connection.

The following precautions should be taken to help prevent accidents with cylinders.

1.

10.

When storing cylinders, secure them to a wall or vertical support by means of
restraining straps, chains, etc.

When moving cylinders, use a cylinder cart with a chain restraint in place. Do not
drag cylinders.

Valve protection caps should be installed on cylinders at all times when not in use.

Cylinders should never be dropped or rolled in a horizontal position as the cylinder
valve might be broken off.

Return leaking cylinders to personnel authorized to make repairs as soon as
possible.

Segregate cylinders in storage as to type of gas, empty or full, and maintain oxygen
cylinders a minimum distance of 20 ft from flammable gas cylinders, unless
separated by a fire resistant wall.

Smoking is prohibited in the vicinity of cylinders containing flammable gases or
oxidants.

If a cylinder protective cap is extremely difficult to remove, do not apply excessive
force or pry the cap loose with a bar inserted into the ventilation openings. Attach a
label or a tag to the cylinder identifying the problem and return the cylinder to the
supplier.

Wrenches should not be used on valves equipped with a handwheel. If the valve is
faulty, attach a label or tag to the cylinder identifying the problem and return the
cylinder to the supplier.

Cylinders should be grounded properly when in use.

NOTE: Items 1 and 2 do not apply to cylinder charging facilities.
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HEAT STRESS

1. The human body maintains a fairly constant internal temperature despite outside
temperatures.

2. To keep the body within safe limits, the body gets rid of excess heat by:

- sweating (through perspiration and evaporative cooling),

- increasing blood circulation (by expanding the blood vessels and increasing
heart rate),

- increasing the blood flow to the skin, and

- radiating heat off the body.

3. These automatic responses usually occur when the temperature of the body exceeds
98.6 degrees F. When the body temperature rises to the point where these responses
are no longer effective in eliminating body heat, various forms of heat stress or heat
illness may develop. Our individual response to hot environments depends on
various factors, including:

(a) Individual susceptibility, which may be increased by:

- lack of physical fitness,
- lack of acclimatization,
- age,

- dehydration,

- obesity,

- alcohol or drug use,

- infection,

- sunburn,

- diarrhea,

- chronic disease;

(b) Environmental factors, especially humidity and direct sunlight exposure;
and

(c) Working conditions, such as:
- the duration of the work day,
- the use of personal protective equipment, and

- the amount of break time to rest and replenish body fluids.

All of these factors exert a strong influence on our response to hot work environments.
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HEAT ILLNESSES
HEAT CRAMPS
- Problem:
- Cramping of legs and abdominal muscles
- Heavy sweating and water loss
- Strenuous activity in warm environment
- Treatment:
- Rest in cool shady place
- Light stretching and massage
- Fluids to replace water loss
HEAT RASH
- Problem:
- Skin remains wet (i.e., hot, humid environments)
- Sweat ducts become plugged
- Rash develops

- Treatment:

- Rest in cool area
- Regularly dry skin

HEAT EXHAUSTION (RARELY FATAL)
- Problem:

- Pale clammy skin

- Profuse perspiring

- Rapid shallow breathing
- Weakness, dizziness, and headache

Treatment:

- Treat for shock

- Place in cool shady place
- Give fluids if conscious

- Restrict activity
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4. HEAT STROKE (CAN BE FATAL)

Problem:

- Face red and flushed

- Patient becomes rapidly unconscious

- Skin is hot and dry/no perspiration

- Body temperature is 105 degrees or higher

Treatment:
- Treat for shock
- Get medical help ASAP

- Use ice, cold water and fan if available
- Remove to a cool place
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RADIOACTIVITY - THE DECAY PROCESS
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Lives

20 40 60

Time

The decay of 10.0 grams of
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The following table lists just a few substances and the kind of radiation.

Type of Radioactive Sources Alpha Beta Gamma Neutron

Cesium

Cobalt

Europium

Plutonum I

Plutonium-239

Polonium

Radium

Radon

Reactors

Selenium

Silver

Strontium

Technetium

Thorium

Tritium

Uranium

Uranium-235 (Fission) -

Source: Oil Chemical & Atomic Workers International Union, Chemical and
Radioactive Hazardous Waste Workbook, 1990, p. 96.
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Alpha Beta
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lonization or excitation of intracellular molecules
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Indirect sction

Chemical changes of biologic importance

|

Cell death

Cell depopulation
and
organ malfunction

Body injury of individual

| |

Death Recaovery

Damage or mutation
of DNA

|

Damage to germ
cells

Damage to somatic
cells

Mutant offspring

Possible cancers,
life-shortening
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Protection from Radiation

Radiation Protection Biological Hazard
Alpha Respirators*, Eye Inhalation, Absorption,
Protection, Coveralls, Ingestion
Gloves, Shoe Covers,
Hoods, Etc.
Beta Respirators*, Shielding Inhalation, Absorption,
(Plexiglass or aluminum), Ingestion
Eye Protection, Time,
Distance
Gamma and X-rays Respirators*, Shielding Penetration
(heavy metals such as
lead), Time, Distance

*The appropriate canister must be used with Air Purifying Respirators (APRs) and
Powered Air Purifying Respirators (PAPRs). The canister should be colored magenta
(purple) or have a magenta stripe on it.

SOURCE: Oil Chemical & Atomic Workers International Union, Chemical and
Radioactive Hazardous Waste Workbook, 1990, p. 189.
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SOURCE: OQil Chemical & Atomic Workers International Union, Chemical and
Radioactive Hazardous Waste Workbook, 1990, p. 193.
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Less Time = Lower Dose

Dose in Rems in a 100 mrem Field

1

mrems

'
60 45
30 15

Time (minutes)

SOURCE: Oil Chemical & Atomic Workers International Union, Chemical and
Radioactive Hazardous Waste Workbook, 1990, p. 193.
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DOSE LIMITATIONS AND RECOMMENDATIONS

In Title: 10 CFR Part 20.101 (1993) of the NRC standards the maximum permissible dose
equivalent (MPD) for occupational exposures are (above natural background and medical
exposures):

OCCUPATIONAL EXPOSURE

Whole body, sum of internal and external exposure 5 rems/yrTEDE?
Any organ, sum of internal and external exposure 50 rem/yr
Hands and forearms, feet and ankles 50 rem/yr
Lenses of eyes 15 rem/yr
Planned special exposure (lifetime maximum of 25 rem) 25 rem/event
Dose to fetus during a declared pregnancy 0.5 rem total

Employees under 18 years of age should receive a maximum of 10% of the limits
listed above.

GENERAL PUBLIC
Total effective dose to the body 0.1 rem/yr

In addition, the National Council on Radiation Protection (1993) recommends the following
dose-limiting guidelines:

OCCUPATIONAL LIMITS
Persons under 18 years old 1.0 rem/yr
Dose to fetus during pregnancy 0.05 rem/mo

Maximum lifetime dose in rems equals the person's age in years.

EMERGENCY DOSE LIMITS: LIFE SAVING
Total effective dose to the body 50 rem
Skin 500 rem
The use of older volunteers with low lifetime accumulated dose is suggested.

DOSE LIMITS FOR MEMBERS OF THE PUBLIC
Continuous 0.1 rem/yr
Single individual or occasional occurrence 0.5 rem/year

TEDE is the sum of DDE (whole body exposure from external sources) and
CEDE (whole body exposure from internal sources). This is the total amount of radiation
you receive from all sources, internal and external.
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POSTING OF AREA SIGNS

EXPOSURE

CAUTION SIGNS

<2 mrems/hr and <100 mrems in any 7
consecutive days

Unrestricted area. No sign required.

>2 mrems/hr or >100 mrems in any 7
consecutive days

Control of area required.

>5 mrems/hr or >100 mrems in 5 days, to
a major portion of the body

"Caution Radiation Area' sign.

>100 mrems/hr in a major portion of the
body

"Caution High Radiation Area" sign.

Airborne radioactive materials exceed in
average concentration 25% of the
amounts specified in column 1 of Table 1
of Appendix B of 10 CFR Part 20

"Caution Airborne Radioactivity Area"
sign.

In areas or rooms in which radioactive
material is used or stored in an amount
exceeding 10 times the quantities specified
in Appendix C of 10 CFR Part 20

""Caution Radioactive Material" sign.

Each container in which transported,
used, or stored a radioactive material
(other than natural U or Th) in amounts
greater than those specified in Appendix
C of 10 CFR Part 20

"Caution Radioactive Material'" sign.

Each container in which natural U or Th
is transported, used or stored in quantities
greater than 10 times the amounts
specified in Appendix C of 10 CFR Part 20

"Caution Radioactive Material" sign.
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NOISE HAZARDS
TEMPORARY HEARING LOSS - Hearing is recoverable within several hours of
exposure to continuous or intermittent noise (>80 dBA approx.).
PERMANENT HEARING LOSS - Some permanent, irreversible loss is experienced
after chronic exposure. High frequency noise is more harmful to hearing than low

frequency. Continuous noise is more harmful than intermittent.

INTERFERENCE WITH COMMUNICATIONS - Safety problems, stress and
annoyance can result - these are serious and reversible problems.

MIDDLE EAR DAMAGE - May happen upon exposure to extremely loud impulse
noise - sudden impulses at high volume sound in the 160 to 180 dBA range (or

greater) from explosion or other impact. Physical injury (e.g., concussion or head
injury) can cause the same problems.

NOISE SOURCES AT THE WORK SITE

DIESEL ENGINES, CONSTRUCTION & EXCAVATION EQUIPMENT
ELECTRICAL MOTORS, GENERATORS, FANS, BLOWERS
DRILLING RIGS, AIR ROTARY/PERCUSSION

VACUUM TRUCKS
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INTENSITY (decibels)

INTENSITY (decibels)

Temporary Threshold Shift (TTS)
Example: Short Exposure to 100 dBA

10 d8 e -
20 d8 *
30 a8
40 48
250 Hz 500 Hz' 1000 Hz 2000 Hz 4000 Hz 8000 Hz
FREQUENCY (hertz)
Permanent Threshold Shift (PTS)
Example: Continuous Exposure to 100 dBA
0d8
0d8 — N\/ 2 yrs.
1 S Gl
' —-———-.._L \'\ ‘f\ . 10 yrs.
20ds8 \ \/
30 8 30 yrs.
\ \ 4 49 yrs
4048 ~ \:// yrs.

250 Hz SQQ Hz 1000 Hz 2000 Hz 4000 Hz
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EXAMPLES OF NOISE LEVELS

30 dBaquiet sound studio

40 dBalowest levels in city at night

50 dBaaverage residence; business office

60 dBalarge store; accounting office

70 dBaspeech; vacuum cleaner at 10 feet

80 dBainside sports car (50 mph)

90 dBasubway train at 20 feet; printing press
100 dBa pneumatic hammer; cut off saw
110 dBa riveting machine

120 dBa jet takeoff at 200 feet
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LIMITING YOUR EXPOSURE

GOOD
ACOUSTIC
SEAL

S

NRR = NOISE REDUCTION RATING

PROTECTIVE EQUIPMENT NRR
E.A.R. (FOAM) PLUGS 29 DECIBELS
EAR MUFFS (HEAD BAND 25 DECIBELS
WORN OVER THE HEAD)

EAR MUFFS (HEAD BAND 23 DECIBELS
WORN BEHIND THE HEAD)

EAR MUFFS (HEAD BAND 21 DECIBELS
WORN UNDER THE CHIN)

KLEENEX OR TOILET TISSUE 5 DECIBELS
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COMPONENTS OF A NOISE PROBLEM

1. Engineering Controls, Work Practices and Personal Protective Equipment can be used to protect workers against
noise. If a noise problem can be broken down into the 3 components below, how and where can these controls be
implemented?

SOURCE PATHWAY RECEIVER
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II.

DRILLING ON HAZARDOUS WASTE SITES

In order to characterize the nature and magnitude of soil and groundwater
contamination at hazardous waste sites, it may be necessary to perform
GEOTECHNICAL INVESTIGATIONS, i.e., drilling gas and groundwater
monitoring wells to obtain samples of contaminated soil, groundwater, gas or
landfill leachate. Samples provide information about the type and concentration of
contaminants and the spread of contaminants from their original source.

Drill rigs and various Kkinds of supporting equipment, such as:

- forklifts, for removing drummed cuttings

- trucks (vacuum trucks, fuel trucks)

- steam cleaning equipment - decontamination
- welding equipment - rig repair

- compressors - drive rigs or blowers

- air blowers - ventilate boreholes

are complicated and powerful tools. Each presents its own set of hazards. The
routine hazards are multiplied by the use of PPE by drillers, their helpers and
equipment operators.

DRILLING OPERATIONS AND TECHNOLOGIES

Drilling groundwater and gas monitoring wells proceeds in two phases:

1. Drilling, and
2. Well construction and development

1. Drilling - gas and groundwater monitoring wells are drilled using two
common techniques:

a. Direct Rotary drilling, and
b. Hollow-stem augur.

Personnel involved:

a. Driller - operates drill rig controls
b. Drillers helpers - assist in handling drill pipe, equipment (2 per rig)
c. geologist - "'logs" borehole - observes drill cuttings and borehole

samples, records number of feet drilled per given time.

Direct Rotary Drilling
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- the borehole is drilled by a rotating bit

- cuttings removed by circulating fluid (mud slurry or compressed air) i.e.,
"mud rotary, air-rotary" drilling

- fluid is pumped into borehole, through parts in the drill bit and pumped up
with cuttings through the annular space between drill pipe and the borehole

- fluid and cuttings exit into the "blooey tube" - 6" dia. flexible discharge hose
and are deposited into a mud tank or through a cyclone into 55 gal. drums

- in soft geologic formations, steel well casing is driven into the well to prevent
it from collapsing; this is also done in hard formations to prevent cross-
contamination between different strata in the well - casing is driven into the
ground by a large, heavy compressed-air driven hammer (on top-head drive

rigs)

Making a Connection - connecting new pipe section

- can be very hazardous, requires drillers helper(s) to climb mast to guide new
section of pipe onto top of drilling string

- borehole is open when connecting new pipe sections - potentially higher
chemical exposures

Hollow-Stem Augur Drilling

- Stem includes 5' sections of drill rods (bit attached to end of rod) around
which fit §' sections of hollow-stem augur

- Cuttings circulate continuously to the top of the borehole where they are
deposited on the ground. They must be shoveled into 55 gal. drums by
driller's helpers.

- sampling tools such as:

a. split-spoon sampler, or
b. core-barrel sampler

can be used at each 5' or 10' foot interval - before making a connection

between the drill string and a new 5' section of augur. These samplers are
driven into the ground via a hammer mounted on the mast.
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Compeonents of a complete drilling fluid
circulating system for a direct rotary rig.
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IVv.

WELL CONSTRUCTION

1.

Groundwater wells -

- use PVC pipe as casing with bottom section perforated ("'screen')
groundwater seeps into the screen and can then be pumped out (or
bailed)

- gravel is poured around the screen, sand above that and bentonite
grout above that to finish sealing the casing and the borehole

Gas monitoring wells

- similar construction - may have more than one PVC probe per
borehole

Wells must be "sounded," their depth measured by tape measure before and
during installation.
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PHYSICAL HAZARDS TO HEALTH

HAZARD SOURCE AT THE WORKPLACE HEALTH EFFECTS

NOISE

RADIATION

THERMAL STRESS

VIBRATION
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DRILLING HAZARDS., PREVENTION AND MITIGATION

Hazards Mitigation
1. EXAMPLE: combustible gases monitor borehole,
present eliminate ignition

sources, ventilation borehole
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AVOIDING BACK STRAIN AND PAIN

Understand the back. The backbone:

. Allows us to stand up
. Allows us to bend and twist
. Is composed of alternating vertebrae (bone) & discs (tough fibers wrapped around a

soft fluid center)

DISCS

. Can be damaged or ruptured by pressure
. Do not heal readily

. If damaged can result in severe pain

Lifting improperly creates pressure on the discs. Excess pressure will scar or rupture a
disc.
"BACK" MAINTENANCE GUIDE

1. Maintain your back's three natural curves by being constantly aware of your
posture and correcting it.

2. Avoid excessive swayback at all times.

3. Help relieve unnecessary back strain by keeping your weight down and exercising
regularly to build strong supporting muscles.

4. Lift with your legs - not your back - by squatting and bending your knees. Hold the
objects as close to your body as possible. Do not twist.

S. Sleep on a firm mattress, either on your back or your side.

6. Do not bend straight over, turn or twist to pick up something, even if it is a light
object - don't lift or carry anything heavier than you can manage with ease.

7. Don't slouch or bend forward when sitting or driving.
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MODULE 4

AIR MONITORING INSTRUMENTATION

Objectives - Participants will be able to:

. Identify chemical hazards requiring monitoring.
. List the two main categories of monitoring instruments.
. Name types of direct reading instruments (DRIs).
. Discuss how DRIs work.
. Identify at least one condition in which you would use each DRI.
. List the main limitations of each type of DRI.
NOTES

Video MOD 5 - 39 min. "Monitoring Instruments, Permissible Exposure Limits."

PURPOSES

. Identify and quantify airborne contaminants

. Determine level of worker protection

. Determine further monitoring, sampling needs or strategies
. Monitor compliance with standards
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SAMPLING STRATEGIES

Instantaneous or "grab"

. Collection of air sample over short period - 1 to 5 minutes approximately.

. Is only representative of the momentary contaminant concentration.

. Examples: Driager pump/tubs; teflon air sample bag; direct reading instruments
Integrated sampling

. Collection of a known volume of air over a longer recorded time.

. Sampling period is determined either by lab analytical sensitivity or by need to comply

with standards set on the basis of a time-weighted average.

. Is representative of the total accumulated dose over the entire period of sampling and is
also used to determine the average exposure over the sampling time.

Area sampling
. To determine ambient air contaminant concentrations in entire work area and perimeter.

. To determine dispersion of contaminants from source, dilution of contaminants,
boundaries of site zones, levels of protection in all site zones.

Personal sampling

. Sample worker's breathing zone if possible.

. To determine air contaminant concentration in individual's immediate work area.
. To assess actual inhalation exposure more accurately.

. To determine workers or jobs with higher routine exposures.
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GENERAL CONSIDERATIONS

. Calibrate or check calibration daily before use.

. Use more than one detection system and take more than one measurement.
. Do periodic breathing zone and area monitoring.

. Record readings in detail.

. Use conservative judgment in interpreting readings.

. Inherent safety.

WHAT CONDITIONS MUST BE MONITORED ON UST SITES?

. Oxygen deficiency

IDLH concentrations of airborne contaminants

. Confined spaces, excavations, trenches
. Drums and other containers

. New work locations

. New work operations

Before initial entry into the work zone or excavations (start of each day)

Other examples: drilling, soil sampling, liquid sampling, tank opening (if contents or
other states are unknown)
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CHEMICAL HAZARDS REQUIRING MONITORING

. Airborne toxic substances — product handling, transfer, product release;

. Oxygen deficient atmospheres — confined spaces;

. Combustible gases/vapors — confined spaces, product handling, product release;
. Hydrogen sulfide/methane — entering sewers.

Toxic substances enter the body via the skin, ingestion, or inhalation. Of these three routes, inhalation is
the quickest and most efficient route into the body. The adverse effects produced by inhalation of a
toxic substance can be almost instantaneous because the lungs efficiently and rapidly transfer the inhaled
substances to the bloodstream, which distributes it to all parts of the body. The toxic effect will be
proportional to the concentration of the toxin in the area, its toxicity, and an individual's sensitivity to the
toxin.

The objective of this module is to introduce various monitoring instruments which could warn workers
of some of the major chemical hazards they might face such as airborne toxic substances, oxygen
deficient atmospheres, combustible gas/vapors, and hydrogen sulfide. These can appear during product
handling, transfer or release, or while working in confined spaces.

Module 4-4



MONITORING INSTRUMENTS
. These hazards can be measured in several ways including:

Direct reading instrument
Compound-specific detectors

. Direct reading instruments (DRIs) can effectively detect:

Organic and inorganic vapors;
Oxygen-deficient atmospheres;

Explosive atmospheres; and

Specific compounds (e.g., hydrogen sulfide).

The major chemical hazards faced by UST workers can be measured in several ways including direct
reading instruments (DRIs) or compound-specific detectors. The most commonly used instruments are
direct reading instruments which can effectively detect both inorganic and organic vapors, oxygen-
deficient atmospheres, explosive atmospheres, and specific compounds such as hydrogen sulfides.

Most DRIs respond to many different substances, and while this characteristic is desirable because it
allows for fast identification of dangerous situations, information about specific substances often cannot
be determined directly. All DRIs have inherent constraints in their ability to detect hazards:

. They usually detect and/or measure only specific classes of chemicals;

. They are generally not designed to measure and/or detect airborne concentrations below the 1
ppm level; and

. Many of the DRIs that have been designed to detect one particular substance also detect other
substances (i.¢., they are prone to interferences) and may give false readings.
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INSTRUMENT CERTIFICATION

. All monitoring instruments should be certified safe in explosive atmospheres.
. Certified monitoring instruments carry a permanently fixed plate showing that they were
tested by:

Underwriters Laboratories;
Factory Mutual; or
Mine Health and Safety Administration.

. Instruments are certified by Class, Division, and Group.

Class I Potentially flammable gas/vapor
Class IIPotentially explosive dust

Division 1 Explosive conditions exist routinely
Division 2 Explosive conditions exist only after an unintentional release

Group A Acetylene

Group B Hydrogen and similar gases

Group C Ethyl ether, cyclopropane, carbon disulfide
Group D Methane, butane, and most solvents

Group E Explosive dusts

Explosion hazards are a major concern at UST sites; instruments used by UST workers must not
contribute to the hazard by being potential sources of ignition.

A number of engineering, insurance, and safety organizations have established definitions and
developed codes for testing electrical devices used in hazardous situations. The National Fire Protection
Association publishes the National Electrical Code (NEC) every three years. Underwriters Laboratories,
Factory Mutual, and the Mine Health and Safety Administration conduct tests to certify that monitoring
instruments meet the minimum standards of acceptance set by the NEC.

An electrical instrument certified for use in hazardous locations under one of these test methods, will
carry a permanently affixed plate. This plate will show the logo of the laboratory that granted the
certification and the Class(es), Division(s), and Group(s) the instrument was tested against. If an
instrument does not have an approved rating, it should not be used in a hazardous or potentially
hazardous situation.
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The instrument certification categories included are divided into classes, divisions, and groups. There
are two classes covering "potentially flammable gas/vapor" and "potentially explosive dust." There are
two divisions including "explosive conditions exist routinely" and "explosive conditions exist only after
an unintentional release." Finally, there are six groups divided according to specific compounds such as
acetylene, hydrogen and similar gases, and others. The categories of instruments most likely to be used
in investigations at UST sites are approved for Class I, Division 1, Groups A, B, C, and D.

Because of the wide variability of compounds that can be encountered at an UST site, instruments are
more typically certified for multigroups of substances. This affords the widest applicability possible.

HAZARDOUS ATMOSPHERES
Depending upon the response worker's background, the term "hazardous atmosphere" conjures up
situations ranging from toxic air contaminants to flammable atmospheres. For our purposes, an

atmosphere is hazardous if it meets the following criteria:

. It is a mixture of any flammable material in air (see Class and Group below) whose composition
is within this material's flammable range (LEL-LFL).

. A critical volume of the mixture is sufficiently heated by an outside ignition source.
. The resulting exothermic reaction propagates the flame beyond where it started.

Hazardous atmospheres can be produced by one of three general types of materials:
. Flammable gases/vapors

. Combustible dusts
. Ignitable fibers
Whereas the flammable material may define the hazard associated with a given product, the occurrence

of release (how often the material generates a hazardous atmosphere) dictates the risk. Two types of
releases are associated with hazardous atmospheres:

. Continuous — those existing continuously in an open unconfined area during normal operating
conditions.
. Confined — those existing in closed containers, systems, or piping, where only ruptures, leaks,

or other failures result in a hazardous atmosphere outside the closed system.
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There are six possible environments in which a hazardous atmosphere can be generated. However not
every type of control will prevent an ignition in every environment. To adequately describe the
characteristics of those environments and what controls can be used, the National Electrical Code
defines each characteristic:

. Class is a category describing the type of flammable material that produces the hazardous
atmosphere:

Class I is flammable vapors and gases, such as gasoline, hydrogen. Class I is further
subdivided into groups A, B, C, and D on the basis of similar flammability
characteristics (Table 18-1).

Class II consists of combustible dusts like coal or grain and is divided into groups E, F,
and G.

Class III is ignitable fibers such as produced by cotton milling.

TABLE 18-1
CLASS I CHEMICALS BY GROUP

GROUP A ATMOSPHERES GROUP D ATMOSPHERES
Acetylene Acetone

Acrylonitrile
GROUP B ATMOSPHERES Ammonia
Butadiene Benzene
Ethylene oxide Butane
Hydrogen 1-Butanol (butyl alcohol)
Manufactured gases contain- 2-Butanol (secondary butyl alcohol)
ing than 30% H (by vol) n-Butyl acetate
Propylene oxide Isobutyl acetate

Ethane
GROUP C ATMOSPHERES Ethanol (ethyl alcohol)

Ethyl acetate
Acetaldehyde Ethylene dichloride
Crotonaldehyde Gasoline
Cyclopropane Heptanes
Diethyl ether Hexanes
Ethylene Isoprene
Unsymmetrical dimethyl Methane (natural gas)

hydrazine (UDMH, 1-,

1-dimethyl hydrazine)

Methanol (methyl alcohol)
TABLE 18-1 (Cont.)

3-Methyl-1-butanol
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Methyl ethyl ketone

GROUP D ATMOSPHERES (Cont.)
Methyl isobutyl ketone
2-Methyl-1-propanol (isobutyl alcohol)
2-Methyl-2-propanol (tertiary butyl
alcohol)

Octanes

Petroleum naphtha*

Pentanes

1-Pentanol (amyl alcohol)

Propane

1-Propanol (propyl alcohol)
2-Propanol (isopropyl alcohol)
Propylene

Styrene

Toluene

Vinyl acetate

Vinyl chloride

Xylenes

*A saturated hydrocarbon mixture boiling in the range 20°-135°C (60°-135°F). Also known by the
synonyms benzine, ligroin, petroleum ether, or naphtha.

Source: National Electrical Code, National Fire Protection Association, 470 Atlantic Avenue, Boston,
MA 02210 (1977).
. Division is the term describing the "location" of generation and release of the flammable
material.

Division 1 is a location where the generation and release are continuous, intermittent, or
periodic into an open, unconfined area under normal conditions.

Division 2 is a location where the generation and release are in closed systems or
containers and only from ruptures, leaks, or other failures.

Using this system, a hazardous atmosphere can be routinely and adequately defined. As an example, a
spray-painting operation using acetone carrier would be classified as a Class I, Division 1, Group D
environment. Additionally, an abandoned waste site containing intact closed drums of methyl ethyl
ketone, toluene, and xylene would be considered a Class I, Division 2, Group D environment. Once the
containers begin to leak and produce a hazardous atmosphere, the environment changes to Class I,
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Division 1, Group D.
CONTROLS

Three methods exist to prevent a potential ignition source from igniting a flammable atmosphere:

. Explosion-Proof: Encase the ignition source in a rigidly built container. "Explosion-proof"
instruments allow the flammable atmosphere to enter. If and when an arc is generated, the
ensuing explosion is contained within the specially designed and built enclosure. Within it, any
flames or hot gases are cooled prior to exiting into the ambient flammable atmosphere so that the
explosion does not spread into the environment.

. Intrinsically Safe: Reduce the potential for arcing among components by encasing them in a
solid insulating material. Also, reducing the instrument's operational current and voltage below
the energy level necessary for ignition of the flammable atmosphere provides equal protection.
An "intrinsically safe" device, as defined by the National Electrical Code, is incapable "of
releasing sufficient electrical or thermal energy under normal or abnormal conditions to cause
ignition of a specific hazardous atmospheric mixture in its most easily ignited concentration.
Abnormal conditions shall include accidental damage to any...wiring, failure of electrical
components, application of over-voltage, adjustment and maintenance operations and other
similar conditions."

. Purged: Buffer the arcing or flame-producing device from the flammable atmosphere with an
inert gas. In a pressurized or "purged" system, a steady stream of, for example, nitrogen or
helium is passed by the potential arcing device, keeping the flammable atmosphere from the
ignition source. This type of control, however, does not satisfactorily control analytical devices
that use a flame or heat for analysis such as a combustible gas indicator (CGI) or gas
chromatograph (GC).

National groups such as Underwriters Laboratories (UL), Mutual (FM), and the American National
Standards Institute (ANSI), together with NFPA, developed test protocols for certifying explosion-proof,
intrinsically safe, or purged devices to meet minimum standards of acceptance.

An electrical device certified under one of these test methods carries a permanently affixed plate
showing the logo of the laboratory granting certification and the Class(es), Division(s), and Group(s) it
was tested against. See Figure 18-1.

FIGURE 18-1
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Certification means that if a device is certified as explosion-proof, intrinsically safe, or purged for a
given Class, Division, and Group, and is used, maintained, and serviced according to the manufacturer's
instructions, it will not contribute to ignition. The device is not, however, certified for use in
atmospheres other than those indicated.

Any manufacturer wishing to have an electrical device certified by FM or UL must submit a prototype
for testing. If the unit passes, it is certified as submitted. However the manufacturer agrees to allow the
testing laboratory to randomly check the manufacturing plant at any time, as well as any marketed units.
Furthermore, any change in the unit requires the manufacturer to notify the test laboratory, which can
continue the certification or withdraw it until the modified unit can be retested.

A unit may be certified either by UL, FM, or both. Both laboratories follow test protocols established by
NFPA and ANSI. Therefore one certification is no better or worse than the other. The important
consideration is that the device is approved for the Class(es), Division(s), and Group(s) it will be used in.

The mention of FM or UL in the manufacturer's equipment literature does not guarantee certification.
All certified devices that are used in hazardous (flammable) locations must be marked to show Class,
Division, and Group, per NEC Table 500-2(b).

Other organizations such as the Mine Safety and Health Administration (MSHA), Canadian Standards
Association (CSA), National Electrical Manufacturers Association (NEMA), and the U.S. Coast Guard
(UCCQG) have developed their own testing and certification schemes for electrical devices in hazardous
locations common to their jurisdiction.

MSHA tests and certifies electrical equipment to be used in hazardous atmospheres associated with

underground mining. These atmospheres usually contain methane gas and coal dust; hence the tests and
certification are specific to those two contaminants.
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Often the same monitoring equipment is used in mines as well as above ground and therefore carry more
than one certification, such as FM and MSHA.

To ensure personnel safety, it is recommended that only approved (FM or UL) instruments be used on-
site and only in atmospheres for which they have been certified. When investigating incidents involving
unknown hazards, the monitoring instruments should be rated for use in the most hazardous locations.
The following points will assist in selection of equipment that will not contribute to ignition of a
hazardous atmosphere:

. In an area designated Division 1, there is a greater probability of generating a hazardous
atmosphere than in Division 2. Therefore, the test protocols for Division 1 certification are more
stringent than those for Division 2. Thus a device approved for Division 1 is also permitted for
use in Division 2, but not vice versa. For most response work this means that devices approved
for Class I (vapors, gases), Division 1 (areas of ignitable concentrations), Groups A, B, C, D
should be chosen whenever possible. Ata minimum, an instrument should be approved for use
in Division 2 locations.

. An additional consideration is that all instruments used in a methane environment should be
approved by the Mine Safety and Health Administration (MSHA) as being safe in such
atmospheres.

. There are so many Groups, Classes, and Divisions that it is impossible to certify an all-inclusive

instrument. Therefore, select a certified device based on the chemicals and conditions most
likely to be encountered. For example, a device certified for a Class II, Division 1, Group E
(combustible metal dust) would offer little protection around a flammable vapor or gas.
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OXYGEN METER
. Function is to detect the percentage of oxygen in the air

Most models detect 0-25% range.
A few models detect 0-10%, 1-100%.

. It works using an electrochemical sensor
Air is pumped into the meter; diffuses onto a semipermeable membrane.

Reaction between oxygen and electrodes produces a minute current.
Current moves the needle indicator.

The oxygen detector has three principal components: the air flow system, the oxygen sensing element,
and the microamp meter. Air is drawn into the detector with an aspirator bulb or pump. The detector
uses an electrochemical sensor to determine the oxygen concentration. The sensor consists of two
electrodes (a sensing and counting electrode), a housing containing the basic electrolytic solution, and a
semipermeable teflon membrane.

Oxygen molecules diffuse through the membrane into the solution. Reactions between the oxygen and
the electrodes produce a minute electric current which is directly proportional to the sensor's oxygen
content. The current passes through the electronic circuit and the resulting signal is shown as a needle
deflection on a meter.

Oxygen measurements are most informative when paired with combustible gas measurements. Together
they provide quick and reliable hazard data. A lower oxygen reading will show a lower combustible gas
reading; while a higher oxygen reading will show a higher combustible gas reading. In general, oxygen
measurements should be taken before combustible gas indicator readings.
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OXYGEN METER LIMITATIONS
. Different altitudes skew calibrations.

. Measurements are best when paired with combustible gas measurements (take oxygen
readings first).

. Oxidants (e.g., ozone) affect readings.

. Carbon dioxide interferes with the detector.

The use of an oxygen meter has limitations, since its operation depends on absolute atmospheric
pressure. An oxygen meter calibrated at sea level and operated at an altitude of several thousand feet
will falsely indicate and oxygen-deficient atmosphere. Furthermore, oxidants, such as ozone, interfere
with detectors. Chlorine, Fl, Br, and acid gases are all potent oxidants (oxidizers). An oxygen
measurement should be paired with a combustible gas measurement in order to ensure reliability.

NOTES

Most oxygen meters in use today are microfuel cells, and have a limited life, typically less than two
years. They are also sensitive to sudden movement and rapid temperature changes.

Oxygen Meter

Hazard Monitored: Oxygen deficient atmospheres.

Applications: Determines atmospheric oxygen concentration. This information can be used to check for
asphyxiants, flammable or toxic gases/vapors. This information is also considered important in
choosing a respirator.

Components: Aspirator bulb or pump to draw sample, but also can be passive; meter readout with
needle or LCD; audio and/or visual alarm or neither; nicad or regular batteries; calibration adjustment.
May be combined with CGI.

Readout: The instrument reads out as percent oxygen. Most instruments read from 0-25% oxygen.

Calibration: The instrument is easily calibrated to ambient oxygen in a clean atmosphere by adjusting a
screw or knob. It should be calibrated at the same temperature and pressure it will be used in.

Inherent Safety: Desired approval is Class I Division I Groups ABCD. Not all oxygen meters are
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approved. Approval should be on the instrument label. Make sure it is approved for the use you put it
to.

Limitations: Instrument is affected by temperature and pressure. Oxidizers can cause increased
readings. Carbon dioxide can reduce instrument sensitivity.

EPA ACTION LEVELS
<19.5% Supplied air (SCBA) required
19.5-25% Continue with caution

>25% LEAVE AREA, IN-
CREASED FIRE HAZARD
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HYDROGEN SULFIDE METER

. Capabilities: Detect hydrogen sulfide levels in air.
. Function: Similar to oxygen meter.
. Limitations: Cross sensitivity (e.g., HCN).

Hydrogen sulfide indicators range from simple color change devices to sophisticated electronic meters.
With the electronic versions, sample air is introduced to the sensor by passive diffusion or active pumps
through a gas-porous semipermeable membrane. The cell electro-oxidizes the gas in proportion to the
gas partial pressure in the sample. The resulting electrical signal is then amplified to run the meter.

Hydrogen sulfide gas can be fatal if inhaled in sufficiently high concentrations. UST workers are most
likely to encounter H,S in sewers. The gas has a strong "rotten egg" odor. The worker should never rely
on the olfactory senses as a means of determining concentrations of H,S, since the gas "deadens" the
sense of smell (i.e., the olfactory nerves will adjust to and tolerate concentrations of H,S).

NOTES
Some individuals are congenitally unable to smell H,S.
Concerning limitations, no hydrogen sulfide meters are sensitive to less than 1 ppm. In addition, they

are cross sensitive to hydrogen cyanide, therefore, they can, in certain instances, give misleading
readings.
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COMBUSTIBLE GAS INDICATOR (CGI)

. Function: Measures concentrations of flammable vapors/gases in air.
. Results shown as a percentage of lower flammable limit.

. Measure O, percentage before using CGI.

. Operates on "hot wire" principle:

Combustion chamber with platinum filament.
Gas combustion raises filament temperature.
Increased temperature causes "imbalance" in resistor circuit.

. Concentrations above LEL but below the UEL; meter needle stays beyond the 1.0 (100%)
mark.

. Concentrations above UEL: meter rises above the 1.0 mark and quickly returns to
zZero.

The combustible gas indicator (CGI) is one of the first instruments that should be used when surveying a
site. It measures the concentrations of flammable vapors or gases in air and indicates the results as a
percentage of the lower explosive limit (LEL) of the calibration gas. Before using a CGI, however, the
percentage of oxygen should be measured with an oxygen meter.

The LEL of a combustible gas is the lowest concentration by volume in air which will explode, ignite, or
burn when there is an ignition source. The UEL is the maximum concentration of a gas or vapor which
will ignite. Above the UEL, there is insufficient oxygen for the fuel level to support combustion. Below
the LEL there is insufficient fuel to support ignition.

Most CGIs operate on the "hot wire principle." In the combustion chamber there is a platinum filament
that is heated. This filament is an integral part of a balanced resistor circuit called the Wheatstone
Bridge. The hot filament combusts the gas(es) on the immediate surface of the element, thus raising the
temperature of the filament. Any single gas, or mixture of combustible gases, will cause the meter to
react; the effect of this trait must be understood by the CGI operator.
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As the temperature of the filament increases so does the resistance. This change in resistance causes an
imbalance in the Wheatstone Bridge. This is measured as the ratio of combustible vapor present
compared to the total required to reach the LEL of the combustible gas used to calibrate the CGI. Ifa
concentration greater than the LEL and less than the UEL is present, the meter needle will stay beyond
the 1.0 (100%) level of the meter. This indicates that the ambient atmosphere is readily combustible.
When the atmosphere has a gas concentration above the UEL, the meter will rise above the 1.0 mark and
then return to zero. This occurs because the gas mixture in the combustion cell is too rich to burn. This
permits the filament to conduct a current as if the atmosphere contained no combustibles at all. For this
reason, it is critical to always watch the meter, since this rapid deflection may go undetected.

NOTES

This is not a problem with most of the newer meters equipped with an audible alarm.

There is a relatively new detector system for flammables on the market now. Some detectors are using a tin oxide sensor.
The tin oxide coating on the surface of the sensor has only a limited number of electrons available for conduction of
electricity. Oxygen, which is highly electronegative, tends to gain electrons. Normal oxygen content will pull most of the
electrons away from the tin oxide, reducing its ability to conduct electricity (high resistance). As concentrations of a
flammable gas increase, oxygen "turns away" from the tin oxide to interact with the flammable compounds. The newly freed
electrons can now flow, and resistance drops. The resistance changes area calibrated to be proportional to a specific
flammable gas. This technology can also be used to detect nonflammable vapors as well.

Pros and cons of this technology are not yet fully field-tested, but it is reasonable to assume that varying oxygen

concentrations can cause ambiguous readings, and that cross sensitivities exist. The sensor is reported to be poisoned by
halogenated gases.
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Combustible Gas Indicator (CGI)

Hazard Monitored: Flammable vapors and gases including alcohols, acids, aldehydes, ketones, esters,
aromatics, amines, nitro compounds, high (lethal) concentartions of hydrogen sulfide, hydrogen cyanide,
carbon monoxide, and ammonia.

Applications: Determines the concentration of flammable vapors and gases. This information can be
used to assess explosive potential and the risk of working in that atmosphere. Quantitative only!

Components: Aspirator bulb or pump to draw sample; meter readout with needle or LCD; audio and/or
visual alarm; NICAD or regular batteries; zero and/or voltage adjustment.

Detection Method: Combustion of vapor/gas on heated platinum filament.

Readout: Meter indicates 0-100% of LEL (lower explosive limit). When concentrations are above LEL
the meter will indicate greater than 100%. With most CGls the meter will return to 0 when
concentrations are greater than the UEL (upper explosive limit). Instruments with audio or visual alarms
can be set at whatever level desired by the operator.

Calibration: Calibration of CGIs should be checked before and after use. Common gases used for
calibration are pentane and hexane. Actual calibration requires return to factory or trained technicians.

Inherent Safety: Desired approval is for Class I Division I Groups ABCD. Not all CGls are approved.
Check to make sure that the instrument is approved for the use you put it to.

Limitations: Instrument is affected by the following compounds: selenium compounds, silicon
compounds, volatile heavy metals such as tetraethyl lead. High humidity may reduce sensitivity.
Halogenated hydrocarbons corrode the detector. The sensitivity of the CGI varies with different vapors
and gases so it is only truly accurate when measuring the calibration gas.

EPA ACTION GUIDES
0-10% LEL Continue investigation
10-25% LEL Continue with caution

>25% LEL LEAVE AREA
IMMEDIATELY
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COMBUSTIBLE GAS INDICATOR LIMITATIONS
. Watch needle continuously (it rapidly pegs, the returns to zero at concentrations above
UEL).
. Always use in conjunction with an oxygen meter.
. Should not be used in oxygen enriched, nor deficient area.
. Leaded gasoline may "poison" internal filament.
. Gives accurate readings for the "calibration gas" only.

There are limitations to the use of a combustible gas indicator. As mentioned previously, the needle of
the indicator must be watched continuously because a reading above UEL will return to zero. For a
more accurate measure of combustible gases, readings should be taken at ground, waist, and overhead
positions to ensure detection of vapors whose densities are greater or less than air.

The following substances may "poison" the detection filaments: fuming acids, leaded gasolines,
silicones, silicates, and other silicon-containing compounds. When it is suspected that these substances
have been aspirated, the CGI should be checked with a calibration kit; if leaded gasolines are
anticipated, additional filaments should be on hand. The instrument should not be switched On/Off
unless it is known that you are in a combustion-free environment. The CGI reads only from 0 to 100%
of the calibration gas, often either methane or propane. Therefore, when another combustible gas is
detected, the exact meter reading is not correct and cannot be relied upon. To provide additional safety
factors, field crews should discontinue operations where combustible gas is measured above 25% of the
LEL for a methane- or propane-calibrated CGI.

NOTES

There are catalytic filters available for use with leaded gasolines.
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CGI INSTRUMENT

Preparing for Operation
To switch on the instrument:

Back off the knurled nut that holds the calibration cover in place.

Rotate the cover so that the metal button is inserted in the oval-shaped hole.

Tighten the nut until the calibration cover is flush with the case. Do not over tighten.
To switch off the instrument:

Back off the knurled nut that holds the calibration cover in place.

Rotate the cover so that the metal button is inserted in the unmarked round hole.

Tighten the nut until the calibration cover is flush with the case. Do not over tighten.
Checking Alarm Settings
Before calibrating the instrument, it is good practice to check all of the alarm settings to verify that they
are set correctly. The calibration cover must first be released and turned 90 degrees to expose the 5
calibration adjustments along the bottom end of the instrument. The function of the five control
adjustments are: (1) LEL zero offset Z LEL, (2) LEL span sensitivity S LEL, (3) H,S span sensitivity S
PPM, (4) H,S zero offset Z PPM, and (5) OX calibration S OX.
To Check LEL
To check the LEL alarm setting, switch the display to the LEL mode. Slowly turn the Z LEL (LEL zero
offset) adjustment in the clockwise direction until the alarm is activated. When the alarm point is
reached, slowly turn the adjustment back and forth through the point at which the alarm is activated.

Observe the display. The display will show the percent of LEL at which the alarm is set to activate.
Turn the adjustment back to the zero display reading. The factory setting for the LEL alarm is 20%.
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To Check H,S

Checking the H,S alarm setting is similar to the procedure used for the LEL. Switch the display to the
H,S mode and slowly turn the Z PPM (H,S zero offset) adjustment in the clockwise direction until the
alarm is activated. Slowly turn the adjustment back and forth through the point of activation and
observe the display for the ppm level at which the H,S alarm activates. Turn the adjustment back to the
zero display reading. The factory setting for the hydrogen sulfide alarm is 10 ppm.

To Check OX

Unlike the LEL and H,S, the OX section does not require a Z adjustment. After switching to the OX
mode, observe and note the display reading, which should be 20.9% in normal room air. Slowly turn the
S OX (O; calibration) adjustment counterclockwise until the low oxygen alarm setting is reached.
Slowly turn the adjustment back and forth through the alarm point to verify the setting. After the low
alarm setting is located, slowly turn the adjustment in the clockwise direction until the high oxygen
alarm setting is found. Slowly turn the adjustment back and forth through the alarm point to verify the
setting. Return the display to the original setting. The oxygen alarms are factory set at 19.5% for the
low alarm and 23.0% for the high alarm.

Span Adjustments

After the LEL and H,S zeros have been properly set, the span sensitivity may be calibrated. Switch the
display to the LEL mode and apply the LEL span gas to the monitor using the calibration cup. Allow
the gas to flow for two (2) minutes. With the gas still flowing, adjust the S LEL (LEL span sensitivity)
control, on the bottom of the instrument, to the nearest percent, that is printed on the LEL calibration gas
cylinder. Remove the LEL calibration gas.

Repeat the above procedure for H,S using hydrogen sulfide span calibration gas with the S PPM (H,S
span sensitivity) control to complete the span calibration.

In clean air, known to have 20.9% oxygen, the S OX (OX calibration) control should be adjusted so that
the display reads 20.9% oxygen. Final calibration of the oxygen readout should only be done in free air
if the user is sure that the air contains the normal 20.9% oxygen. The readout should then be adjusted to
20.9. If there is any doubt of the oxygen content of the air, calibration gas of a known percentage of
oxygen in nitrogen should be used.
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Zero Adjustments

Only the H,S and LEL sections of the HM X271 require zero calibration. In clean air, switch the display
to the H,S mode and adjust the Z PPM (H,S zero offset) by turning it counterclockwise until the minus
sign (-) appears on the display. Very slowly turn the Z PPM control clockwise until the minus sign just
goes off, leaving (000) in the display.

In clean air, switch the display to the LEL mode and adjust the Z LEL (LEL zero offset) control by
turning it counterclockwise until the minus sign (-) appears on the display. Very slowly turn the Z LEL
control clockwise until the minus sign just goes off, leaving (000) in the display.

DETECTOR TUBES
. Function: Measure levels of petroleum, other gases.
. How it works: "Detecting chemicals" change color

Air is drawn through tube.
Intensity of color change shows concentration of gases.

Detector tubes (also known as calorimetric and indicator tubes) measure levels of petroleum and other gases. They are small
glass tubes filled with a solid absorbent and impregnated with detecting chemicals. Air is drawn through the tube at a
controlled rate, and airborne contaminants will change the color of the detecting chemicals. The intensity of the color change
is taken as an index of the contaminant concentration. Because specific tubes exist for the detection of hydrocarbons and
other petroleum product constituents, they can be effectively used at UST sites as a screening tool, but they are not very
accurate.

NOTES

There are two basic types of detector tubes: (1) stain length and (2) color density. Stain length tubes are graduated, and the
length of the color change is proportional to concentration. Stain length tubes are more convenient.
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DESCRIPTION OF THE DRAGER GAS DETECTOR

The Dréager Gas Detector (Fig. 1) consists of the combination Dréger Tube + Dréiger bellows pump. The
Dréger Tube + Drager pump must be used together.

Fig. 1. Dréger gas detector, consisting of the gas detector pump and Dréger tube.

Brief description of the basic detector pump:

The gas detector pump is a hand-operated bellow pump (Fig. 2). This pump supplies 100 cm® with each
stroke. Thus, not only does the gas detector pump suck in the gas sample, but it also simultaneously
carries out a volume measurement with each stroke. Its mode of operation is, therefore, that of a dosage

pump.

Limit chain Pump head
Rubber bung
Sieve
Break-off plate
Caver plate
~ Discharge vaive Holding ptate

Fig. 2. Cross-section through the gas detector pump.
The gas detector pump is made from neoprene and opens automatically after compressing and releasing
the bellows. This opening process is effected by two steel springs built into the pump. The end of the
suction process is reached when the limit chain is taut.

The gas detector pump has only one valve, which is closed when the gas sample is sucked in and opens
again on squeezing the bellows. The pump head has an aperture into which the Driger tube to be used is
inserted.

The time from releasing the bellows (after squeezing) until the limit chain is taut is termed the opening
time of the gas detector pump; hence the opening time is the duration of one pump stroke.
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The opening time depends on the flow resistance of the Drager tube inserted, which is a function of the
filling preparation used. On the basis of the reaction kinetics, the flow resistance of the tube, and thus
the opening time of the gas detector pump, differs depending upon the type of tube used. There are
types of tube in which the pump opens in 3 seconds, but there are also tubes in which this process takes
40 seconds. However, the flow resistance for an individual type of tube varies only slightly, so that a
range for the opening time of the gas detector pump can be kept with each type of tube. These opening
times are indicated in the instructions for use of the tubes concerned.

Unused

After determination of 30 ppm H,S

Fig. 3 and 4. Driger Hydrogen Sulfide 5/b Tube

NOTES

Other manufacturers offer detector tube equipment with improved features such as pump stroke counters, etc. The
prospective buyer should carefully examine all of the various offerings, including prices of tubes.
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DETECTOR TUBES

Hazard Monitored: Specific vapors and gases.

Application: Determine concentration of specific vapor or gas in atmosphere. Information can be used
to assess hazard and establish control measures.

Components: Bellows or piston pump; detector tube.

Detection Method: Chemical reaction with color change.
Readout: The tubes normally read directly in ppm or % from a scale on the tube. Some tubes have
scales in millimeters. With that type the length is read in mm and referenced on the instructions for the

appropriate conversion factor.

Calibration: The tubes come calibrated. The pump must be checked regularly to verify flow rate and
sample volume per pump strike.

Inherent Safety: None required.

Limitations: The problems that contribute to poor accuracy are: leak in pump; insufficient contact
(analysis) time; high humidity; high temperature; difficulty reading scale; interferences from other
compounds; improperly stored tubes; out of date tubes; operator error.

EPA ACTION LEVELS

None established. Depends on the toxici-
ty of the specific chemical being moni-
tored.
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DETECTOR TUBE LIMITATIONS

. Accuracy is only within 25% concentration.
. Interfering gases can affect readings.

. Slow and tedious.

. Subjective determination of results.

One limitation of detector tubes is that their accuracy is limited to within 25% of the true concentration
of the contaminant. Furthermore, some gases can interfere with the reading. It is a relatively slower and
more tedious approach to measuring contaminants than some other instruments. The color or stain must
be evaluated immediately, as many colors fade rapidly. Finally, with some tubes, the air flow must be in
one direction only; this is typically indicated by an arrow or dot. This type of tube usually contains a
drying agent or a precleaning layer ahead of the indicating chemical, to remove interfering gases or
vapors, or an oxidizing layer which releases a certain part of the vapor test molecule which reacts with
the indicating chemical.

FLAME IONIZATION DETECTOR (OVA 128)
. Function: Has two modes.

Survey. Detects concentrations of volatile organic chemicals.
Gas Chromatograph. Separates and measures individual components.

. How it works:

Samples drawn into hydrogen flame.
Sample burns; ions produced; resulting current read by meter.

The OVA is used to detect concentrations of volatile organics. It consists of two major parts: (1) anine
pound package containing the sampling pump, battery pack, support electronics, flame ionization
detector, and hydrogen gas cylinder; and (2) a hand-held
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meter/sampling probe assembly. When the sample reaches the hydrogen flame it burns and the resulting
ions carry an electric current. The current is then amplified and displayed on the probe's meter. The
measurement equals the total concentration of organic compounds relative to the calibration standard.

The OVA can operate in two different modes. In the survey mode, it can determine the approximate
concentration of all detectable volatile organic chemicals in the air. The gas chromatograph (GC)
mode separates and measures individual components. This is done by drawing a sample into the OVA's
probe which is then carried to the detector by an internal pump.

In the GC mode, a small sample of ambient air is injected into a chromatographic column and carried
through the column by a stream of hydrogen gas. Contaminants with different chemical structures are
retained on the column for different lengths of time (known as retention times) and, hence, are detected
separately by the flame ionization detector. A strip chart recorder can be used to record the retention
times and peaks (concentrations), which are then compared to the retention times of a standard with
known chemical constituents.

FLAME IONIZATION DETECTOR (OVA 128) LIMITATIONS

. Internally calibrated to methane by manufacturer; for other compounds, adjustments and/or
calibration charts needed.

. Can only detect organic compounds.
. Detector needs high-quality hydrogen, whose transport is regulated by the U.S. Department
of Transportation.

Limitations of the OVA include that fact that it is internally calibrated by the manufacturer (usually to
methane), and therefore, does not give an exact reading for other compounds. The OV A can only detect
organic compounds, however, since petroleum products are organic compounds, this poses no major
problem.

The OVA needs high-quality hydrogen to operate. Hydrogen transport is regulated by the U.S.

Department of Transportation. If the OVA's hydrogen tank is empty, it can be shipped without
restriction. Once onsite, however, plans have to made for the acquisition of high-quality hydrogen.
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Lead-acid batteries are used by the OV A and they tend to lose power in cold weather which could cause
problems with onsite usage. Finally, OVA's do not detect compounds less than 1 ppm in concentration.

SUMMARY OF OVA OPERATING PROCEDURES
Startup
A. Check battery condition by moving the INSTR Switch to the BATT position.
B. Move INTR Switch to ON and allow five (5) minutes to warmup.
C. Use the Calibrate Adjust knob to set the meter needle to the level desired for activating the

audible alarm. If this alarm level is other than zero, the Calibrate Switch must be set to the
appropriate range.

D. Turn the Volume knob fully clockwise.

E. Using the Alarm Level Adjust knob, turn the knob until the audible alarm is activated.

F. Set CALIBRATE Switch to X1 position, use CALIBRATE knob and set meter to read 0.

G. Move PUMP Switch to ON position, then place instrument panel in vertical position and check
SAMPLE FLOW RATE indication. The normal range is 1.5 to 2.5 units. Ifless, check filters.

H. Open the HYDROGEN TANK VALVE and the HYDROGEN SUPPLY VALVE. Wait one
minute for hydrogen to purge the system.

L. Depress Igniter Button until burner lights. Do not depress Igniter Button for more than six
seconds. (If burner does not ignite, let hydrogen flow for one minute and again attempt
ignition.)

J. Use CALIBRATE Knob to "zero" out ambient background. For maximum sensitivity below 10
ppm, set CALIBRATE Switch to X1 and readjust zero on meter. To avoid false flame-out alarm
indication, set meter to 1 ppm with CALIBRATE Knob and make differential readings from
there.
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Shut Down

A. Close the HYDROGEN SUPPLY VALVE.

B. Close the HYDROGEN TANK VALVE.

C. Move the INSTR Switch and PUMP Switch to OFF

D. Instrument is now in shut down configuration.

PHOTOIONIZATION DETECTOR (HNu)
. Function: Detects total organic and some inorganic gases.
. How it works:
Sample subjected to ultraviolet radiation which ionizes many gases.
Ions produced; resulting current read by meter.

Easier to use than OVA.
Calibrated to a benzene equivalent (isobutylene).

The HNu system portable photoionizer detects concentrations of organic gases and a few inorganic
gases. The basis for detection is the photoionization of gaseous species. The incoming gas molecules
are subjected to ultraviolet radiation, which ionizes a number of gaseous compounds. Each particle is
changed into charged-ion pairs creating a current between two electrodes, which can be read by a meter.
The HNu measures the total concentration of those organic (and some inorganic) vapors in air that have
an ionization potential less than or equal to the energy of the probe.

The HNu consists of two modules connected via a signal-power cord; a readout unit consisting of a
meter, battery, and electronics; and a sensor unit consisting of a light source, a pump, and an ionization

chamber.

The photoionization detector is easier to use than the OVA and it has a lower detection limit. The
system is usually calibrated to a benzene substitute such as isobutylene and reads benzene directly.

Two other models of photoionization detectors that are recommended include the TIP manufactured by
Photovac and the OVM manufactured by Envirotherm. These two
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models, unlike the HNu, have the ability to retain readings in memory, which can then be downloaded
into the computer at a later date.

HNu CALIBRATION/CHECKOUT PROCEDURE
1. Take HNu off charger and unplug charger.

2. Test battery by turning the function switch from OFF to BATT - note deflection of needle to
BATT CHK zone on far right - this indicates that the battery is charged.

3. Zero the instrument by turning the function switch from BATT to STANDBY - turn ZERO
ADJUSTMENT POT right or left until needle in readout module reads 0.

4. Calibration. Using 100 ppm ISOBUTYLENE calibration gas (tedlar bag or calibration gas
bottle), calibrate HNu. Set the function switch to 0-200 ppm range. Attach tygon hose to the
HNu probe extension. Check the gas pressure in the calibration bottle. This can be read from
the pressure regulator attached to the bottle. If the pressure is less than 50 psi, then the bottle is
no longer useful. Attach the tygon hose from the probe extension to the calibration gas bottle at
the pressure regulator. Check the span control. Make sure the dial is et at 9.8 and the lock is set
all the way down to the right. Turn the valve on the regulator all the way to the open position.
The needle should climb to about 70 ppm and stabilize. If it does not, consult the instructor.

5. Field function tests.
a. Turn the function switch to Standby - hold probe up to ear to hear pump motor sound.
b. Hold marking pen point up to probe with function switch in the 0-200 ppm position.

Module 4-32



QATTENRY CHECK
POSINION

LOW BATTERY
INDICATOR LIGHT (LED)

ALARM SET SWITCH
ANO AOJUSTMENT (OPTIONAL) FOWER OFF
>~
(7 ‘ ~N T \
STANOOY 0. 2000 f (PO
\~ @on—r 0-200 \ RANGE
OFF 0:20
10 '
= l gt 15 N *E'E?“ FUNCTION
N “/ M SWITCH
O A , SPaAN

Ny o ZERO ZERO
A @ ADJUSTIME

. © SPaAN
CONTROL
HI-VOLTAGE
@ INTERLOCK
N RECORDER

- - QuUTPUT

photo-ionizer
model P/ 101 oo
. o
systems inc. made in U.S.A. 1 } ),

12 PIN INTERFACE
CONNECTOR BETWEEN
/ READOUT UNIT ANDO

CONNECTOR KEY SENSOR GROUND

Hnu Photoionizer

CONTROLS AND_INDICATORS

Module 4-33



METER READOUT

POWER SUPPLY
(OC CONVERTER])

BATTERY

PROBE

5
ION CHAMBER
i
FAN
u.v.
LIGHT
SQURCE
AMPLIFIER

Hru Photoionizer

BLOCK DIAGRAM
COMPONENT LOCATION

Module 4-34

SAMPLE



LAMP HI-VOLTAGE . (&
-

UV LAMP

PHOTONS

GAS QUTLET

ION CHAMBER g

/

/AMPUF!ER
Y

BIAS -ELECTROOE

IONS

GAS

INL

ET

Module 4-35

\ COLLECTOR




Photoionizing Detector (NHu)

Hazard Monitored: Organic and inorganic vapors and gases.

Application: To determine relative concentrations of air contaminants. Information used to establish
level of protection and other control measures such as action levels. It will not detect methane.

Components: Survey probe with ultraviolet lamp (9.5, 10.2, 11.7 eV); needle meter readout; lead-acid
gel battery; span potentiometer; range selector; and zero control.

Detection Method: Photoionization.

Readout: The meter usually can be read on the following ranges depending on the make of the
instrument: 0-20, 0-200, and 0-2000 (span = 9.8 - benzene equivalent).

Calibration: The instrument is factory calibrated to benzene. The calibration should be checked before
and after use with a calibration check gas. Once calibrated the span setting can be changed. HNu
Systems supplies isobutylene as a check gas for the instrument.

Inherent Safety: The HNu photoionizer can be purchased with the following approvals: Class I
Division I Groups ABCD; Class I Division 2 Groups ABCD; and nonapproved. Be sure to examine the
instrument to determine its approval. Check to make sure the instrument is approved for the use you put
it to.
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Limitations: Because the instrument is sensitive to many organic and inorganic vapors/gases it cannot
be used as a qualitative instrument in unknown situations. It is strictly quantitative, except when the
nature of the contaminant is known and the instrument has been calibrated for it. High humidity reduces
sensitivity. Atmospheres with concentrations of vapors and gases above the detection limits of the
instrument will cause inconsistent instrument behavior.

EPA ACTION GUIDES

UNKNOWN ATMOSPHERE
0-5 ppm level C

5-500 ppm level B

500-2000 level A

Module 4-37



PHOTOIONIZATION DETECTION (HNu) LIMITATIONS

. Radio frequency interference may skew readings.

. High humidity, temperature differentials "cloud" the UV lamp window, depressing
readings.

. Uses lead-acid battery which loses power in cold weather, affects readings.

The HNu system does have a number of limitations. It can be susceptible to radio frequency
interference from power lines, transformers, high-voltage equipment, and radio transmissions. Also, the
window of the UV lamp must be cleaned on a regular basis to ensure that airborne contaminants are
ionized. Finally, the HNu system also uses a lead-acid battery. These batteries lose power in cold
weather and can be unreliable. Once the batteries have been severely discharged, they may no longer
accept a charge and will need to be replaced. For these reasons, the unit should be placed on the battery
charger after every use. The HNu charge circuit has a protector that prevents overcharging.

NOTES

Lamp strength is also an important consideration with any photoionization detector. The UV lamp may not have enough
energy to ionize certain compounds, and they will therefore not be detected. UV lamp strengths are given in electron volts
(eV). Compare the lamp strength to the compound's ionization potential, also expressed in electron volts. Common lamp
strengths are 9.6 eV, 10.2 eV, and 11.7 eV.

Ionization potentials may be found in chemical reference works, such as the CRC Handbook of Chemistry and Physics.
Most owner's manuals will also specify common ionization potentials.

Lamp strengths of 10.2 eV are suitable for general UST work.

Module 4-38



RADIATION SURVEY METER

Hazard Monitored: Alpha, beta, and gamma radiation.

Application: Determine the presence and level of radiation. This information will be used to establish
control measures to reduce or prevent exposure.

Readout: The readout normally is in mR/hr. Instruments used to detect alpha may read in counts per
minute.

Calibration: This instrument must be factory calibrated at least annually. The instrument is normally
calibrated to one probe allowing direct measurement of the source.

Inherent Safety: Usually none required.

EPA ACTION GUIDES

Background Continue investiga-
tion

3-5 times Consult health

background physicist

>2 mR/hr Potential hazard -
leave area and consult
health physicist
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YOUR COMPANY or ORGANIZATIONS D.O.T. EXERCISE

1. WHAT HAZARDOUS MATERIALS ARE HANDLED BY YOUR ORGANIZATION

SIZE AND TYPE VIRGIN (V) HMTA REGULATION
OF CONTAINER WASTE (W) REQUIRED (Y or N)

NAME

2. For each chemical above, that are regulated by 49CFR, prepare the following
Analysis:

A. WHY IS THE MATERIAL REGULATED BY 49CFR?

B. WHAT IS THE D.O.T DESCRIPTION?
1) Proper Shipping Name —
2) Hazard Class —
3) L.D. Number -
4) Packing Group —

C. WHAT MARKINGS IS ON THE CONTAINER?

1) Description of the Marking
a) Regulation Reference Section =

D. WHAT LABEL(s) ARE ON THE CONTAINER?
1) Description of the Label(s)
a) Regulation Reference Section =
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E. WHAT IS THE CONTAINER SPECIFICATION

1) Description of the Container Specification Marking

a) Regulation Reference Section =

F. WHAT IS THE D.O.T. SHIPPING PAPER/MANIFEST DESCRIPTION?

1) Proper Shipping Name —

2) Hazard Class —

3) L.D. Number -

4) Packing Group —

5) Weight —

6) Certification Signed —

7) Emergency Response Telephone Number -

8) Emergency Response Information i.e. MSDS or ERG reference —

a) Regulation Reference Section(s) =

G. WHAT PLACARD(s) WOULD YOU OFFER?

1) Description of the Placard(s)

a) Regulation Reference Section(s) =
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DEFINITIONS

HAZARDOUS MATERIALS
Definitions

A hazardous material, as defined by the U.S. Department of Transportation (DOT), is a
substance or material, including a hazardous substance, in a quantity or form which may pose
an unreasonable risk to health, safety, or property when transported in commerce.

Classification

Hazardous materials are classified according to their chemical and/or physical properties or
their relative hazard to health. The Department of Transportation has adopted the United
Nations (UN) system of identifying hazardo"® is mater'als by class number. The regulations in
49 CFR will show both the UN hazard class number and, in parentheses, the name of that
hazard class. For example, under the UN system, flammable liquids will be "Class 3." This will
be shown in 49 CFR as "Class 3 (flammabile liquid)." Some materials are identified with a
"Division number." For example, compressed gases could be Division 2.1 (flammable gas),
Division 2.2 (nonflammable gas), or Division 2.3 (poisonous gas).

Also, most hazardous materials are assigned a Packing Group according to the degree of
danger. There are three Packing Groups: |, ll, and lll. Group | packages are for the greater
danger, Group Il for medium danger, and Group lll for minor danger. Materials in the same
hazard class may require different Packing Groups. For example, Class 3 (flammable liquid)
may be assigned Packing Group |, Il, or lll depending on the characteristics of the material,
such as flash point and boiling point. Packing Groups are not assigned to Class 2 (gases),
Class 7 (radioactive), combustible liquids or ORM materials. Section 173.2 contains a table
listing the hazard classes, their names, and those sections which contain definitions for
classifying materials.

Multi-Class Materials

Frequently materials will have properties which meet the definition of more than one hazard
class. In such cases, the shipper must classify the material according to the Precedence of
Hazardous Table in §173.2a. The Table in that section determines which is the "primary
hazard class (or division)," or "how the material is classed.” The primary hazard class (or
division) is shown on shipping papers and is used to determine placarding (warning signs
on vehicles) and other operating requirements for the carrier. Other hazards a materials may
have are called "subsidiary hazards" and will be communicated through additional shipping
paper entries and/or hazard warning labels on the packages. As an example,
Crotonaldehyde, stabilized, is a material that is Class 3 (flammabile liquid), Packing Group Ii,
and also Division

6.1 (poisonous). According to the table in §173.2a, this material would have a primary hazard
of Class 3 and would be identified on the shipping paper as having a subsidiary. hazard of
Class 6.1.
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DEFINITIONS

Definitions of Terms

You will be learning many new terms during this course so it is important that you
know what these terms mean.

General Definitions: These apply throughout the regulations and are found in §171.8.

Specific Definitions: These apply to a specific subject and are found in the
section(s) dealing with that subject. (See 173.403 for Radioactive Materials definitions.)

Turn to §171.8. Locate the following general definitions, read them carefully, and
highlight the subject for future reference.

Bag Hazardous Waste Package

Box Inner Packaging Packaging

Bulk Packaging Inner Receptacle Packing Group

Cargo Tank Limited Quantity Person

Class Manufacturer Portable Tank
Combination Packaging Marking Primary Hazard
Compatibility Group Mixture Proper Shipping Name
Composite Packaging Mode Reportable Quantity
Consumer Commodity Non-Bulk Packaging Shipping Paper
Division NOS Solution

Flash Point NRC Strong Outside Container
Freight Container ORM Subsidiary Hazard
Hazardous Material Outer Packaging Technical Name
Hazardous Substance Overpack Transport Vehicle

Definitions of Hazard Classes

The hazard class definitions are not found in §171.8. Each class (or Division) is
referenced to another section containing the specific hazard class (or Division)
definition. The following pages contain work projects to help you become acquainted
with the specific hazard class definitions. Remember these are definitions of hazard
classes for Department of Transportation purposes.
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49CFR CLASS/DIVISION REFERENCE TABLE

Class or Definition

Division Name Ref. Examples ** Type of Hazard **
1.1 Explosive *2  173.50 Black powder Mass explosive
1.2 Explosive *2  173.50 Rocket motors Projection hazard
1.3 Explosive *2  173.50 Fireworks Type C  Fire w/minor blast or projection
1.4 Explosive *2  173.50 Squibs Small hazard, normally kept to
package
1.5 Explosive *2  173.50 Water gels Insensitive but mass explosion
1.6 Explosive *2  173.50 Insensitive articular mass
explosion
2.1 Flammable Gas 173.115(a) Propane Contents under pressure and
flammable
2.2 Non-Flammable173.115(b) Nitrogen Contents under pressure
Gas (300kPa/44PSIA) .
2.3 Poisonous Gas 173.115(c) Chlorine Contents under pressure and
poisonous
3 Flammable 173.120(a) Benzene Flash point equal to or less than
Liquid 141 °F (60.5°C)
Combustible  173.120(b) Diesel fuel Flash point equal to or more
Liquid than 100°F can be reclassified for
highway or rail
4.1 Flammable 173.124(a) Matches, Safety Cause fire by friction, readily
Solid combustible
4.2 Flammable 173.124(b) Fibers, Animal Spontaneous combustion Solid
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4.3 Flammable 173.124(c) Calcium Carbide Reacts with water and spontaneously

Solid combustible/give off flammable gas
5.1 Oxidizer 173.127(a) Potassium Bromate Yields oxygen readily
5.2 Organic 173.128(a) Acetyl Benzoyl Thermally unstable
Peroxide Peroxide
6.1 Poisonous 173.132(a) Parathion Liquid Poison based on LD50 or LC50
i.e. Oral LD50 500mg/kg (liquid)
6.2 Infectious 173.134(a) AIDS virus Viable micro-organisms causing
Substances disease in humans/animals
7 Radioactive 173.403(y) Uranium-234 Activity greater than 0.002 uCi/g
Material (74k Bg/kg)
8 Corrosive 173.136(a) Muriatic Acid Destroys skin when exposed < 4
hours or corrosion rate > .25 IPY
9 Miscellaneous 173.140(a) Dry-ice Oxygen deprivation
173.140(b) Haz. Substance/ Effect on environment
waste
ORM-D Consumer 173.144  Drugs Regulated domestically only
Commodity

*  Also have compatibility groups for explosives (Table 1, 173.52(b)).

**  Summary only, check definition sections for specific.
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CLASSIFYING HAZARDOUS MATERIALS USING 49CFR
A.STEP 1

. Hazard Class

For a material to be regulated as a Hazardous Material under 49CFR it must meet the
definition of one of the classes contained in Section 173 of 49CFR. The first step is to
determine IF THE MATERIAL BEING SHIPPED is regulated as a hazardous material
meeting the criteria of one or more of the classes and packing groups contained in Section
173 of 49CFR. If the material being shipped does NOT meet any of the criteria of one or
more of the classes contained in Section 173 of 49CFR, it is not regulated as a hazardous
material. If the material being shipped meets the criteria of one or more of the hazard
classes contained in Section 173, the material is regulated as a hazardous material. The
next step would be t" find the most appropriate PSN listed in Column 2 of the Hazardous
Material Table (HMT) with Column 3 and 5 entries that are the same Class and Packing
Group as the hazardous material being shipped. The class or division and packing group if
applicable, governs the selection of the PSN and other information related to it.

ILLUSTRATION:

A paint that has a flash point of 68°F (20°C) and an initial boiling point of over 95°F
(35°C) would be regulated as a Class 3 with a Packing Group of II. The Hazardous
Material Table contains two potential entries for the PSN paint, illustrated in Figure 2. The
entry that must be used is the first one because the hazard class (Column 3) 3 and the
Packing Group (Column 5) II agree with the class and packing group of the material.
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Classification Terminology (Class numbered 1 through 9).

Each has its own definition which will be found in Subparts C and D, corresponding to the
class "number" within Section 173 of 49CFR. The first paragraph within the section will
contain the Class Definition. illustrates Subsection 173.120 which contains the definition
paragraph for "Class 3 Flammable Liquids." A complete listing of the definition,
references, and a summary of the hazards related to each class will be found in Figure 4 on
pages III-7 and III-8.

Divisions. Hazardous Material Classes 1, 4; S; and 6 are broken down into divisions
which are indicated by a decimal number after the primary class number. Reference to the
Figure 4 Hazard Class: definition reference, division, and packing group

indicates that Class 4 has three divisions. The number to the left of the period is the class

and the number to the right of the period is the division. Division 4.3 is Division 3 of Class
4.

. Packing Group, or the degree of hazard. The class or division represents the type of
hazard associated with the hazardous material. The packing group represents the degree of
that type of hazard within the transportation system. Where applicable the packing group
will be an upper case Roman numeral I, II, II1.(172.101(f). The lower the packing group
number, the greater the degree of risk and the more it will be regulated. Among other
things, the packing group dictates the entries in Column 5 of the Hazardous Materials
Table (HMT) to be used, governs the drop test for UN packaging, is a code marked on UN
specification packaging, and is a required entry on the shipping paper for hazardous
material.

Packing Group I - Greatest degree of risk - Most regulated.
Packing Group II - Moderate degree of risk - Moderately regulated.
Packing Group III - Least degree of risk - Least regulated, but still regulated.

For materials specifically identified by their technical name in the HMT, the packing group
if applicable, will be found in Column 5 of the entry. In addition, certain classes and
divisions such as 3, 4.1, 4.2, 4.3, 5.1, 6.1 and 8 have packing group criteria which must be
considered in classifying hazardous materials not specifically identified in the HMT by
their chemical (technical) name (I73.2a). The packing group if applicable, will be found in
Column S of the EMT for the entry. In addition, Classes 3, 6, and 8 have packing group
criteria which must be considered in classifying hazardous material not specifically
identified in the EMT by their chemical (technical name) (173.2).

The packing group criteria will usually be found in a paragraph or paragraphs which
closely follow the definition paragraph. . illustrates this point for "Class 3 flammable
liquids". The packing group criteria is found in Paragraph 173.121(a) which comes
immediately after the Definition Paragraph 173.120.
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173.120 Class 3 = FLAMMABLE LIQUIDS
Definition of Class 3 Hazardous Material

173.120(a) Means any liquid having a flash. point of not more than 60.5°C (141°F) with the
following exceptions:
* Any liquid meeting one of the definitions specified in 173.115.
* Any mixture having one or more components with a flash point greater than 60.5°C
(141°F) or higher making up at least 99 % of the total volume of the mixture.

PACKING GROUP CRITERIA -173.121

Packing Group Flash Point (Closed Cup) Initial Boiling Point
1 <= 95°F (35°C)
11 < 73°F (23°C) > 95°F (35°C)
11 > 73°F (23°C) but > 95°F (35°C)

< 141°F (60.5°C)

Technical Name. Recognized chemical name currently used in technical and scientific
texts, formulas, and handbooks (17L8).

Technically Pure. As used in this text the term Technically Pure means a material
(chemical) as it is commonly manufactured without the addition of any outside ingredients
which would cause it to become a mixture or solution. It includes those impurities which
are a natural result of the manufacturing process.

a. The Classification of Hazardous Materials

(1) Technically Pure Materials Specifically Identified by Their Technical Name. As a
general rule, technically pure materials specifically identified in Column 2 of the
HMT with a PSN that is their specific chemical or technical name will be regulated
under the class specified in Column 3, and the packing group shown in Column 5
for the entry. Reference to Columns 2, 3, and 5 in Figure 5 for ".technically pure
acetone" indicates its PSN is acetone, it is regulated as a Class 3, and has a Packing
Group of II.
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b. Mixtures and Materials not Specifically Identified Technical Names. Mixtures and materials
NOT specifically identified in Column 2 of the MAT by a PSN that is their specific chemical
or technical name must be classified by:

(1) Comparing their characteristics against the criteria listed in the appropriate Section
173.XXX to determine the class or classes under which the material is regulated, if
any. A complete list of the classes, definitions, references, and a summary of the
hazards involved will be found in Figure 4 on Page I11-7 and IIIS.

For Classes 3, 4, or 8 and Divisions 5.1 and 6.1, classify by:

(2) Comparing their characteristics against the packing group criteria to determine the
packing group.

(a) Technically Pure Chemicals. Technically pure Ethyl Cyclohexane has a flash point
of 95°F (35°C) and an initial boiling point over 95°F (35°C) and is not listed by its
chemical name in Column 2 of the HMT. A comparison of the characteristics with the
different hazard class definitions in Section 173.XXX of 49CFR leads to the
possibility of the material being regulated as a "3" flammable liquid. Information
from Section 173.120 of 49CFR is contained in Figure 3. A comparison of the
characteristics of Ethyl Cyclohexane against the Definition Paragraph 173.120
indicates that Ethyl Cyclohexane is regulated as a Class 3 flammable liquid because
its flash point is less than 141°F (60.5°C). Further, a comparison of the flash point
and initial boiling point of Ethyl Cyclohexane would be in Packing Group III because
the flash point is above 73.4°F (23°C) and the initial boiling point is above 95°F
(35°C). The PSN, class, UN number, and packing group would be: Flammable
Liquid, n.o.s. (contains Ethyl Cyclohexane), 3, UN 1993, PG III.

(b) Single Class Mixture. A mixture of Acetone and Benzene having a flash point of
76°F (24.4°C) and an initial boiling point of more than 95°F (35°C) and is not
specifically identified in Column 2 of the HMT by its chemical name would be
classified as follows. Although both Acetone and Benzene are listed separately, their
mixture is not. A comparison of the characteristics of the mixture against Class 3
definition and packing group criteria illustrated in Figure 4 indicates that the mixture
of Acetone and Benzene would be classed as a "3" and have a Packing Group of "III",
because the initial boiling point is above 95°F (35°C) and the flash point of 76°F
(24°C). The PSN, class, UN number, and packing group would be:

Flammable Liquid, n.o.s. (contains Acetone/Benzene), 3, UN 1993, PG III.
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(C) Multiple Class Materials or Mixtures. If a material that is not specifically identified

(d)

in Column 2 of the HMT by its technical name or a mixture of materials that meets
the definition of more than one class must be classed in accordance with the
precedence indicated in Section 173.2a of 49CFR. For hazardous materials Classed as
3,4.1, 6.1, or 8, the precedence is determined by the table in 173.2(b). Reference to
the table will show that a mixture of Menthanol and Potassium Hydroxide meeting
the definitions of a Class 3, Packing Group II and a Class 8, Packing Group II would
be classed as a Class 3, Packing Group II because that is the class and packing group
which appears at the point in the table where the two classes and packing groups of
the material cross each other. The subsidiary risk of the mixture would be Class 8§,
Packing Group II. The PSN, class, UN number, packing group would be:

Flammable Liquid, Corrosive, n.o.s. (contains Methanol/Potassium Hydroxide), 3,
UN2924, PG II.

Subsidiary Risk Under 49CFR. In addition to the determination of the primary
hazard class, a determination must also be made as to the applicability of the
subsidiary risk, if any. In general, the term Subsidiary Risk is an international term
for additional labeling and Will Most Often apply to materials meeting the definition
of more than one hazard class.

For materials being shipped in their technically pure form that are specifically identified in
the HMT Column 6* as an additional label to the class label.

Reference to Column 6 for the entry Allyl Acetate shows a second label of Poison
in addition to the Class Label "Flammable Liquid."

For materials or mixtures not specifically identified in the HMT by their chemical or
technical names, the subsidiary risk determination is an extension of the classification
process requiring a determination as to the additional hazard class definitions a given
material meets. Once this information is obtained, reference to the Section 172.402 Table as
illustrated in the section will give the subsidiary hazard.

DISCUSSION. The Methanol/Potassium, Hydroxide Mixture discussed on page III-7 under

Item 1 (c) meeting the definitions of a Class 3, Packing Group II and a Class 8, Packing Group II
would be classed as a Class 3, Packing Group II because that is the class and packing group
which appears at the point in the table where the two classes and packing groups of the materials

cross each other. The subsidiary risk of the mixture would be "8" and require a "Corrosive" label
in addition the "Flammable Liquid" label.

Module 5 -15



3. Proper Shipping Name (PSN)

Importance of the Proper Shipping Name. The PSN determines the entry or line in the
HMT (172.101) that is used to make many other determinations such as mode exceptions,
hazard class, UN/ID number, labeling, UN packing groups, special provisions, packaging
instructions, passenger and cargo aircraft quantities, and vessel storage requirements. The
PSN is the key to regulatory compliance and safety. It is a required mark on the package
and a required entry on the shipping paper. If a material has the wrong PSN the shipment
cannot be considered neither safe nor in compliance.

a. How to determine the most appropriate PSN, hazard class, identification number, and
packing group:

(1) General Rule, the most specific Column 2 entry in Roman print, the PSN is
obtained from Column 2 of the HMT 172.101. The name in column 2 of the
HMT 172.101 in Roman print that MOST appropriately (specifically) describes
the hazardous material being shipped MUST be used. In determining the most
appropriate PSN from Column 2, the most specific information available,
chemical name used, product use, etc., should be used in the following order:

e Chemical Name. If a material or mixture is specifically identified by its chemical
(technical) name in Column 2 of the HMT 172.101 the most appropriate PSN will
generally be that entry. This is most applicable when shipping material in technically
pure form and normal commercial mixtures for solutions of such materials as Acetone or
dry Calcium Hypochlorite mixtures.

e Generic Chemical or Usage Name. If a material or mixture is not identified
in the EMT 172.101 by its chemical name, the next most appropriate PSN
would be the generic chemical or usage name listed in Column 2 of the EMT
172.101 that best describes the hazardous material being shipped. Examples of
such PSNs would be Alcohol, n.o.s.; Organophosphorus pesticides, liquid,
toxic, n.o.s.; Paint.

e General Hazard Class Entry. If the hazardous material is not more
appropriately (specifically) identified in Column 2 of the HMT by any of the
above it must be identified by the most appropriate General Hazard Class
Entry in Column 2 such as Flammable Liquid, n.o.s; Corrosive Liquid, n.o.s.;
Flammable Liquid, Poisonous, n.o.s.; etc.
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(2) Using Column 2 of the HMT 172.101 the PSN for a shipment of technically pure
Acetone is Acetone. This is determined as follows:

e Is the chemical name listed in Column 2 of the HMT in Roman print? The
PSN MUST be Acetone. Flammable liquid, n.o.s. would not be an appropriate
PSN even though Acetone is a flammable liquid because there is a more
specific name in Column 2. In most cases the chemical or technical name
listed in Column 2 will be the PSN.

(3) Technically pure Ethyl Cyclohexane with a flash point of 95 °F (35°C) meets the
DOT definition of a flammable liquid and is used in organic synthesis. Using
Column 2 of the HMT, the PSN for this material in its technically pure form
would be determined as follows:

e s the chemical name listed in Column 2 of the HMT in Roman print? No.

e [s a generic chemical or usage name listed in the HMT? No.

e Select the general hazard class entry from Column 2 of the HMT 172.101 that
is most appropriate for the hazardous material being shipped: Flammable
Liquid, n.o.s. (Ethyl Cyclohexane)

(4) Specifically Listed Materials Mixture Rule. Generally, if a hazardous material that
is listed in the HMT 172.101 by its chemical (technical) name is MIXED with
other materials that are not regulated as a hazardous material the PSN Must Be the
chemical name of the listed material. The PSN for Acetone in its technical pure
form, and in a mixture is the same - Acetone. The words "Mixture" or "Solution"
as appropriate shall be added to the PSN in Column 2 (172.101(c)(10).
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PERFORMANCE-ORIENTED PACKAGING

PACKAGING MUST MEET PERFORMANCE-ORIENTED STANDARDS

The U.S. DOT non-bulk specification packaging requirements are replaced by a system of
performance-oriented packaging (POP) standards. This system helps shippers and manufacturers
design packages suitable for the environments in which the shipment is transported. The UN
"package performance" system provides a more rational and uniform basis for making packaging
assignments. The POP system and standards emphasize risk avoidance and incident prevention.

PACKAGING MUST FIRST BE TESTED AND MARKED

Successful passage of the UN drop, leakproofness, hydrostatic pressure, and stacking test
determines the UN marking of the package. This UN marking certifies that in transportation, the
packaging is appropriate for the level of hazard contained.

PERFORMANCE-ORIENTED PACKAGING AND INTERNATIONAL STANDARDS

The performance-oriented packaging system is not a verbatim repetition of the international
standards. Deviations have been made based on public comments and on U.S. DOT's own
initiative. Some of these deviations include:

. For liquids and gases poisonous by inhalation, the new rules in HM-181 go beyond the
UN system. Bulk and non-bulk packaging are upgraded for these high-hazard materials.

o A vibration standard has been added to ensure an acceptable level of safety because the
international standards were believed inadequate. Packagings must be capable of passing
this test.

J Domestic packaging exceptions are provided to account for transportation stresses
unique to the U.S. distribution system.

MANUFACTURER/CERTIFIER/SHIPPER RESPONSIBILITY - GENERAL

Packaging manufacturers or others that certify that package design types meet HM 181 and
shippers who prepare packagings for shipment, SHARE THE RESPONSIBILITY FOR
MAINTAINING THE STRUCTURAL INTEGRITY OF PACKAGES when they are
transported under normal transportation conditions.

Manufacturers/Certifiers

o Packagings are developed, tested, and marked by manufacturers or other persons who
certify that the resulting design types perform to the hazard levels of the materials they
are intended to contain.

o Shippers ensure that hazardous materials are properly certified to have met Part 178
requirements and are in proper condition for transportation.
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MANUFACTURER/CERTIFIER/SHIPPER RESPONSIBILITY - SPECIFIC

Any person who certifies that a package complies with a DOT or UN standard:
e Applies the mark or directs another to apply it.

e Produces single or composite packagings, and applies the certifying mark before
distribution.

e Assembles and closes a design type combination packaging, tests the completed package,
and applies the certifying mark. (178.2(b))

THE CERTIFYING MARK SHOWS THAT:

e All requirements and performance tests of a DOT or UN standard have been met, and

e Everything the manufacturer does to establish a certified packaging, complies with the
HM 181 requirements.

WRITTEN INSTRUCTIONS

The person who certifies a design type not in "full" compliance must provide written instructions
to users on "how to bring a package into full compliance with the HM 181," before it is offered
for transportation. (178.2(c))

FOR EXAMPLE: A drum manufacturer may not have provided a required closing device with
the unit he sold to a shipper. The manufacturer must notify the shipper of the types of closure
required to meet the performance requirements in Subpart B of Part 173.

SHIPPER RESPONSIBILITIES — SPECIFIC

BEFORE OFFERING A PACKAGE FOR TRANSPORTATION, a shipper must make sure
the package complies with HM 181 packaging requirements; i.e., the shipper must:
e Complete all functions needed to bring a package into compliance (Part 178 - certifier's
notification requirements).

e Ensure that under normal transportation conditions, the package maintains structural
integrity (designed, built, filled, and closed properly).

e Packagings are compatible with lading.
e Packagings marked "USA" are capable of withstanding vibration test.

e Ensure compliance with packaging standards (Subpart L) and performance test
requirements (Subpart M) of Part 178.
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TESTING OF NON-BULK PACKAGINGS AND PACKAGES

Subpart M of Part 178 prescribes certain testing requirements for performance-oriented
packagings identified in Subpart L of Part 178.

The test procedures are intended to ensure that packages containing hazardous materials can
withstand normal conditions of transportation and are considered minimum requirements.

Each packaging must be manufactured and assembled so as to be capable of successfully passing
the prescribed tests and conform to the requirements of 173.24 (General requirements for
packagings and packages) at all times while in transportation. (178.600(a))

RESPONSIBILITY

It is the responsibility of the packaging manufacturer and the person who offers a hazardous
material for transportation (dual responsibility), to the extent that assembly functions including
final closure are performed by the person who offers the hazardous material, to assure that each
package is capable of passing the prescribed tests.

A. Design Package

The non-bulk performance-oriented packaging standards for packaging design are listed in

Subpart L of Part 178. These standards are summarized in the following charts.

CHART 11 - GENERIC UN Packaging Standards

§178.504 1A Steel Drums §178.516 4G Fiberboard Boxes
§178.505 18 Aluminum Drums §178.517  4H Plastic Boxes
§178.506 IN Other Metal Drums §178.518  5H Woven Plastic Boxes
§178.507 1D Plywood Drums §178.519  5H4 Plastic Film Bag
§178.508 1G Fiber Drums §178.520 5L Textile Bag
§178.509 1H Plastic Drums and §178.521  5M Paper Bag

Jerricans §178.522  6HA Composite Packaging
§178.510 2C Wooden Barrels (inner plastic
§178.511 3A Steel Jerricans receptacle)
§178.512 4A Steel/Aluminum Boxes §178.523  6PA Composite Packaging
§178.513 4C Wooden Boxes (inner glass or
§178.514 4D Plywood Boxes stoneware

receptacle)
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CERTIFICATION (ID CODES)§178.502
TYPES OF PACKAGES
Number = type of package

1 = drum 4 =Dbox
2 = wooden barrel 5 =bag
3 =jerrican 6 = composite packaging

7 = pressure receptacle

Capital Letter = construction material

A = steel G = fiberboard

B = aluminum H = plastic

C = natural wood L = textile

D = plywood M = paper, multi-wall
F = reconstituted wood N = other metal

P = glass, porcelain, stoneware

Number = category of packaging

1 = non-removable head 2 =removable head
Number = type of package

1 = drum 4 = box

2 = wooden barrel 5 =bag

3 =jerrican 6 = composite packaging

7 = pressure receptacle

Capital Letter = construction material

A = steel G = fiberboard

B = aluminum H = plastic

C = natural wood L = textile

D = plywood M = paper, multi-wall
F = reconstituted wood N = other metal

P = glass, porcelain, stoneware

Number = category of packaging

e.g., drum:
1 = non-removable head 2 =removable head
e.g. bags:
5M1 = multi-wall bag 5M2 = multi-walled water resistant
bag
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B. Test Package

1.

General

For liquid or solid hazardous materials required to be shipped in DOT or UN
specification packaging, each "design type" package must:

o Conform to the appropriate standard in Subpart L;
o Pass the design qualification tests in Subpart M.

For specific details on testing, review §178.601 - §178.608.

Design qualification tests may be. conducted by any person who certifies the design
type, that is:

° Manufacturer,
o DOT-certified third-party laboratory, or
o Non-certified testing agency to self-certify. (see 49 CFR 107.403)

Under performance standards, there are no detailed package specification
requirements. Instead, "manufacturers" must maintain their own sets of detailed
package test results. In effect, full detain documentation of "what was successfully
tested" establishes the design type of the package. Test reports should contain enough
detail to prove that the design type:

o Withstood the appropriate tests, and
o Meets all applicable UN standards

A summary of the design qualification tests is shown in the following chart.
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DESIGN QUALIFICATION TESTS

TESTING OF DESIGN TYPES: Samples of package design types containing the hazardous (or
equivalent substitute) materials they are intended to carry are tested according to:

. The hazard level of the materials (expected by Packing Groups 1, II, 11I)
. The vapor pressure or density of the material
. The nature of the material, liquid, or solid
DROP TEST (§178.603)
Required for all packagings for both liquids and solids
. Required for all Packing Groups
. Drop height varies depending on the Packing Group
. Within a Packing Group, drop height increases with increasing specific gravities above 12

LEAKPROOF TEST (§178.604)

. Required for all packagings intended for liquids (except for inner packagings or combination
packagings)

. Required for all Packings Groups

. Pressure required varies, and depends upon the Packing Group

HYDROSTATIC PRESSURE TEST (§178.605)
Required for all packagings intended for liquids (except for inner packagings of combination

packagings)
. Pressure applied to the test sample depends upon the vapor pressure of the hazardous material
. Minimum test pressure for Packing Group | is 250 kPa
STACKING TEST (§178.606)
. Required for all packagings for both liquids and solids

COOPERAGE TEST (§178.607)
. Required ONLY for bung-type wooden barrels

VIBRATION STANDARD (§178.608)
. All non-bulk packagings marked 'USA" must be capable of withstanding vibration test

COMBINATION PACKAGING TESTS
Completely assembled combination packaging design types must undergo the drop and stacking
tests.

. Inner packagings of combination package design types are not subject to leakproof or hydrostatic
tests.

NOTE: For air transport, inner packagings must be capable of withstanding hydrostatic pressure tests to
accommodate changes in altitude and temperature.
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2. Retain Testing Documentation

o For as long as packages are produced PLUS an additional TWO YEARS,
o For each successfully tested design type,

° At each location where manufactured, and
o At each location where tested. (178.601(k)(1), (2))
3. Selective Testing - Variations to Packagings

"Selective" testing is an allowable design change without design qualification testing.
HM-181 offers two variations: additional variations will soon be authorized.

SELECTIVE TESTING VARIATIONS (178.601(g))

All variations must offer an equal or greater level of performance.

Variation Condition
l. Inner packaging Variation offers equal or greater level of
performance.

I. Inner packaging of different design Original design type withstands PG | drop test with
the most fragile (glass) inner packaging.

Future Variations (Published as Competent Authority Notice)

1. Up to 25% variation in outer. dimension Single or composite packaging
V. Reduced dimension of outer packaging Combination packagings
V. Different closure and/or gasket device Replacement closures and gasketing must

be qualified through a test procedure.

4. Periodic Design Requalification, Production Testing §178.601

Periodic design requalification tests provide quality control in the production of
packages built to design (tested/passed) types. The package "manufacturer" must
requalify® design types, as shown in Chart 15.

THE "UN" CERTIFICATION MARK IS THE KEY TO THE PERFORMANCE-ORIENTED
SYSTEM ADOPTED BY DOT UNDER HM-181. The following chart lists identification codes
for the certification mark.
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Manufacturer Marking Requirement §178.503

By October 1, 1996, every package is required to conform to the prescribed U.N. Standards. The
required markings must be made in the sequence shown.

EXAMPLE

u
n

(1A1)
X,Y.Z

(145)

(kPa) OR (8)
1)

(USA)

(M1004)

(SP)

(0.9mm)

(RL)

hall N

W

10.

1.

CERTIFICATION (Marking)

MARKING DEFINITION

The United Nations symbol
Type of packagings (i.e., a nonremovable head steel drum)

Letter (X, Y, or Z) indicating packaging performance standard appropriate
to the hazardous material contained. "X" =PG L, II, III; "Y" = PG 11,
III; and "Z" = PG 1II.

A designation of the specific gravity or gross mass which the package
design type was tested.

Single and composite packages (for liquids) give test pressure in
"kilopascals," or packages (for solids or inner packages) the letter .

Last two digits of year of manufacture of package. Plastic drums and
jerricans must be marked with a month of manufacture.

The letters "USA" indicate the packaging was marked in accordance with
U.S. requirements.

Name and address or symbol of the manufacturer or the approval agency
certifying compliance with the UN standard. (Note: Do not have to
register beforehand with U.S. DOT, if using name and address of
manufacturer.)

The letter "V" indicates a combination package - selective testing variation
#2. "V" signifies that a combination packaging has passed PG I drop test
with the most fragile inner packaging.

For metal or plastic drums or jerricans, intended for reuse, express the
minimum thickness in millimeters, abbreviated "mm."

Reconditioned packaging marking.
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The mark must be accessible, permanent, legible, durable, and clearly visible. Minimum letter
size is 12.0 mm (0.5 inch) or 6.0 mm (0.25 inch) depending on package size.

Manufacturer Marking Requirement Examples

EXAMPLE 1
4G/Y 145/5/90 Fiberboard box/PG -11145/Solid/1990
USA/RA Correctly marked/manufacturer's name and address
or registered symbol
EXAMPLE 2

1A1/Y1.4/150/90 Removable head steel drum/PG-11 and specific
gravity/test pressure/year

USA/VLS824 USA (correct marking)/manufacturer’s name and
address or registered symbol

1 mm Thickness in mm

D. Non-Bulk Package Reuse and Reconditioning

Basic package reuse and reconditioning requirements are retained in HM-181. Section 173.28
is revised in HM-181 for clarity, simplicity, and application to a broader spectrum of packages.

Permitted drum reuse is based on requirements in Part 173 for maintaining original design type
integrity of packages under normal transportation conditions.

1. Before reuse, packages must:

. Pass a leakproofness test of internal air pressure:

m 7 psifor PG I liquids
m 3 psifor PG II liquids
m 3 psi for PG III liquids

. Comply with the required minimum thickness permanently marked
in millimeters (mm) on the packaging (drums and jerricans only)
2. If reused without reconditioning, packages must be marked with:
. The name and address or symbol of the person who conducted the
successful leakproofness test;
. The month and last two digits of the year of the test; and
. The letter "L" - indicates successful passage of test.
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3. If reconditioned, packages must be marked with:

. The name and address or symbol of the reconditioner, and
. The letter "L" (passed leakproofness test).

A reconditioned package is marked near the original design-type certification mark.

CERTIFICATION (RECONDITIONING) §178.503

Where? Country where reconditioning was performed

Who? Reconditioner's name, address, or DOT-registered symbol

When? Month/two-digit-year reconditioned, e.g., 4/90

What? The letter "R" (reconditioned); the letter "L" (leakproofness
tested/passed)

Non-Bulk Package Reuse and Reconditioning Examples

EXAMPLE 1

1AZ/Y1/4/150/88

USA/VL824/1 mm

USA/M-1002/07/91/RL

EXAMPLE 2

1A2/Y1.4/150/88

USA/VL824/1 mm

USA/RB/10-90/RL

Removable head steel drum/PG II and specific
gravity/test pressure/year

Country authorizing/manufacturer's name and address
or registered symbol/thickness in mm

USA (correct marking)/reconditioner's name and

address or registered symbol/date reconditioned/
leakproofness tested

Removable head steel drum/PG-II and specific
gravity/test pressure/year

Country authorizing/manufacturer's name and address
or registered symbol/thickness in mm

USA (correct marking)/reconditioner's symbol/date
reconditioned/leakproofness tested
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Arizona State University
and

Rice Services Institute, Inc., 9622 East Keats Avenue

Mesa, Arizona 85212, (480)984-2263

Generator ’s Procedure
(Using 40/49CFR)

Reference

1.

Step 1

Determine the hazardous waste number for the material. (Once
a Waste Number is assigned you have a Hazardous Material)

****Note****

ALL “HAZMAT” EMPLOYEES MUST BE TRAINED IN
THEIR FUNCTIONS AS TO THE REQUIREMENTS OF
49CFR, (EITHER AWARENESS/FAMILIARIZATION or
FUNCTION-SPECIFIC)

Determine the Hazard Class or Division, and the Packing
Group. If the material meets any of the Hazard Class
Definitions listed in Part 173 “You Have A Hazardous
Material.”

a. Items Listed by Name: (Technical grade, or pure go to
the Hazardous Material Table to find the required
information)

b. Item Not Listed by Name: (generic chemicals, generic
use, hazard description, mixtures, solutions, and multiple
hazards) Determine the Hazard Class or Division and
Packing Group.

Hazard Class or Division
Packing Group

Using the Hazardous Material Table Determine the
a. Proper Shipping Name

b. Hazard Class

c. Identification Number

d. Packing Group

Modes or Types of Transportation the material is regulated
by, unless Excepted in the Packaging Section for the
material. (Air or Water, Domestic, International, or Plus
Sign “+7)

40CFR, Part 261,
Subpart C & D

49CFR, Subpart H,
(172.704)

Generator’s knowledge
of the material being
shipped (MSDS’s,
Test)

172.101 (HMT)
Column 2
Column 3
Column 4
Column 5

172.101 (HMT)
Column 1
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Step 2
Hazardous Substance
. Determine IF you have a Hazardous Substance two (2) things
are needed.
a. The material must be listed by name in Column 1 of the
Appendix to 172.101.

b. You must have equal to or Greater than the amount listed
in Column 3 or the Appendix to 172.101.

Marine Pollutants
. Determine IF you have a Marine Pollutants

a. Transportation by water, bulk and non bulk

Appendix A

Appendix “A” to
172.101 & 171.8
Column 1

Column 3

Appendix B

Appendix “B” to
172.101 & 171.8
172.322(a), (b)
171.8

1. Marine pollutant 10% by weight 171.8
2. Severe marine pollutant 1% by weight
172.322(b)
b. Transportation by other than water, bulk 171.8
1. Marine pollutant 1% by weight 171.8
(Any material meeting this definition is regulated by all 171.8
Modes of Transportation)
Column 7
Special Provision; Check the special provisions in Column 7 and
for the material as packaged. 172.102
172.102.
Reference
Step 3
. Determine if an exception is authorized for the material being 172.101
shipped. (Must have a reference in Column 8A of the Column 8A

Hazardous Materials Table)
Are you going to use it? yes no___, none

. No exception authorized or not using one, then the item must
be in UN Specific packaging reference in Column 8B.

. Insure completed waste package meets the requirements as
appropriate.

Insure completed package meets standards packaging
requirements PLUS the General packaging requirements for
the Hazard Class. Make sure “Performance Oriented
Packaging” Test are done.

172.101 (HMT)
Column 8B

173.12

173.24, 24a,
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Step 4
Marking the Package

. Mark the Proper Shipping Name on your package
(for n.o.s. entries give technical names(s))
(the word “WASTE” not required if marked under EPA)

. Mark the Identification Number on your package

. Mark consignor, consignee name and address

. Additional marking (as required)

=¥

—

oo o

Exception packaging

Previous marked packagings

ORM-D materials

Explosives

Orientation marking

Radioactive materials

Hazardous Substance (Add RQ & the name or waste
number that makes it a RQ)

Poison Inhalation Hazard

Overpacks

Hazardous Waste in non-bulk packages
(Sticker (Label) may be used)

a) Statement

b) Generation Name and Address

¢) Manifest Document number

172.301(a)
172.301(a) (2)
40CFR 262.32
172.301(a) (1)

172.301(d)

172.301(c)
172.301(e)
172.316(a)
172.320
172.312
172.310
172.203(c)

172.313
172.301 & 173.25

172.300’s &
40 CFR 262.32(b)

178 Subpart L & M

required.

k. Specification Packaging
Reference
Step 5
Labeling the Package 172.400(a)
1. Label the package using the label(s) required in column 6
(unless excepted from labeling such as “Limited Quantity” 172.400a
or small quantity.
2. With an appropriate additional label or multiple as may be 172.402
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Step 6
Shipping Paper Requirements

1. Uniform Hazardous Waste Manifest Entries
a. key 1 thru 10
b. Key 11 thru 16

1)

2)
3)

Proper Shipping Name (and Technical names if
required)(preceded by word Waste)
Hazard Class or Division
Identification Number
Packing Group (PG)
Waste number
Number and Type of containers
Total Quantity
Unit (Wt/Vol) show G,P,T,Y,L,K,M, or N
Emergency Response
a) EMERGENCY CONTACT phone number in
key 4 or 15
b) Emergency Response Information must be
provided

Appendix to Part 262

172.201(a)(1)

(2)

(3)

4)
172.203(C)

172.201(C)

172.600°s
172.604(a)

172.602(a),(b)

10) Key 16

a) Name must be printed or typed 172.205(d)

b) Signature hand written

c) Dated

c. Additional Description (If required) 172.203
1) D.O.T. Exemptions 172.203(a)
2) Limited Quantity 172.203(b)
3) Hazardous Substances (Add RQ & the name or 172.203(c)
waste number that makes it a RQ)
4) Radioactive Materials 172.203(d)
5) Empty packaging 172.203(e)
6) Transportation by Air 172.203(%)
7) Transportation by Rail 172.203(g)
8) Transportation by Highway 172.203(h)
9) Transportation by Water 172.203(1)
10) Dangerous when wet 172.203(j)
11) Technical names 172.203(k)
12) Marine Pollutants 172.203(1)
13) Poisonous Materials 172.203(m)
Reference
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1.

Step 7

Placarding Requirements

Placarding

a. Shipper’s Requirements to provide.

b. Carrier’s requirements for affixing.

172.500°s
172.500(a)
172.504(e)
172.504(b),(c)
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WORK PROJECT (#1)
HAZARDOUS MATERIAL TABLE (172.101)

Indicate if the following Proper Shipping Names are correct. If no, mark no and go to the next
Proper Shipping Name. If yes indicate the appropriate information for the commodity.

Proper Shipping
Name
Hazard 1D Packaging Label
Yes No Class Number Group Required

Persuflates,
inorganic, n.o.s.

Mercury Batteries

Marine Pollutant

Butyl propionate

Crotonic

Fish Meal (Fish
Scrap), unstabilized

Nicotine Sulfate,
Solid

Phenylcarbylamine
chloride

Fusee Highway
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REVIEW OF THE HAZARDOUS PROPERTY
Hazardous Property Identification:

You no longer have a use for these item, and must declare them a Waste i
Answer the following questions yes or no, or fill in the blank;

f possible.

1. Kepone (unused) in one fiberboard box containing 4 one gallon cam
Total Gross Weight 23 pounds, net weight 20 Pounds .
a. Is it a Hazardous Material?
b. Is it a Hazardous Substance? (If yes, the RQ is
c. Is it a Marine Pollutant? L (If yes, the % is )
d. Is it a Hazardous Waste? (If yes.. the waste # is

The Proper Shipping Name is:

inside,
)
)

2. Adhesive (unused) (flash point 135 degrees F-, boiling point 221 degrees F. ) , in one
fiberboard box containing 4 one gallon cans Total Gross weight 28 pounds, net weight 25

Pounds- (Has no other hazard properties)

a. Is it a Hazardous Material?
b. Is it a Hazardous Substance? (If yes, the RQ is )
c. Is it a Marine Pollutant? (Ifyes, the %is ) Isit
d. Is it a Hazardous Waste? (If Yes, the Waste #1is__ )
The Proper Shipping Name is:
3. Adhesive (unused) (flash point 175 degrees F., boiling point 221degrees F. ) , in one

fiberboard box containing 4 one gallon cam Total Gross weight 28 pounds, net weight 25

pounds. (Has no other hazard properties )

a. Is it a Hazardous Material?
b. Is it a Hazardous Substance? (If Yes. the RD.is )
c. Is it a Marine Pollutant? (Ifyes, the %is ) Isit
d. Is it a Hazardous Waste? (If yes, the Waste #is )
The Proper Shipping Name is:
4. Dimethyl Benzene, (spent) 55 gal. drum, with 52 gallons in it, weighing 400 pounds

Gross (flash point is 81 degrees F., boiling point 281 degrees F. ) (Has no other hazard

properties) .

a. Is it a Hazardous Material?

b. Is it a Hazardous Substance? (If Yes, the RQis

c. Is it a Marine Pollutant? (If yes, the % is
d. Is it a Hazardous Waste? (If yes, the Waste # is
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The Proper Shipping Name is:

WORK PROJECT
SHIPPER’S REQUIREMENTS
The following work project is to help you the shipper's requirements, and how to
determine what is required for shipping hazardous materials.
(TO BE DONE BY THE INSTRUCTOR )

One glass battle with 5 pounds of Kepone (solid) in one box

What is the Proper Shipping Name?
What is the Class or Division?

What is the Identification Number?
What is the Packing Group?

Is this material a Hazardous Substance? yes no

AN L AW

How mist this commodity be packaged? Name only one method, and list the
reference.

Markings 172.300's
Labeling 172.400's

What Marking are required on the outside of the package?
What labels are required on the outside of the package?

Please mark and label the package below appropriately
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EXERCISE (#1)
You are asked by your boss to ship a 55 Gallon mental drum with 52 gallons of paint and paint
thinner which has a flashpoint of 78°F and a boiling point of 268°F, it has no other waste
characteristics.

Using a copy of the Code of Federal Regulations 40/49-CFR, complete a Hazardous Waste
Manifest, Marking, and Labeling of the package. Using the information provided. (show where
the Hazard Label & EPA sticker goes)
Mode of Transportation: Highway
Gross Weight: 440 lbs



Vol Ll Ll Ll

HAZARDOUS WASTE

FEDERAL AND/OR STATE LAWS PROHIBIT IMPROPER DISPOSAL

IF FOUND, CONTACT THE NEAREST POLICE OR PUBLIC SAFETY
AUTHORITY, THE U.S. ENVIRONMENTAL PROTECTION AGENCY OR THE
NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

GENERATOR INFORMATION:

NAME
ADDRESS PHONE

CITY STATE ZIP

EPA STATE MANIFEST
ID NO. DOCUMENT NO.

ACCUMULATION EPA
START DATE WASTE NO.

D.0.T. PROPER SHIPPING NAME AND UN OR NA NO. WITH PREFIX

HANDLE WITH CARE!
& &L

Printed By: Lab Safety Supply Inc., Janesville W| 53547-1368 Reorder No. 301?6

A A NS S AN S

“““““

N
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Please printortype.  (Form designed for use on elite (12-pitch) typewriter.) Form Approved OMB No. 2050-0039. Expires 9-30-99

1. Generators US EPA ID No. Manifest 2. Page 1 Informationin the shaded areas
UNIFORM HAZARDOUS Document No, is not required by Federal
WASTE MANIFEST of law.
3. Generator's Name and Mailing Address A. State Manifest Document Number
B. State Generator's ID
4. Generator's Phone
5. Transporter 1 Company Name 6. US EPA ID Number C. State Transporter's ID
. D. Transporter's Phone
7. Transporter 2 Company Name 8. US EPA ID Number E. State Transporter's ID
F. Transporter's Phone
9. Designated Facility Name and Site Address 10. US EPA ID Number G. State Facility's ID
H. Facility’s Phone
12. Containers 13 14,
11.  US DOT Descriplion {including Proper Shipping Name, Hazard Class, and ID Number) Total Unit 1
No. Type Quantity WtVol|  Waste No.
G a.
E
N
E| b
R
A
T
ol ©
R
d.
J. Additional Descriptions for Materials Listed Above K. Handling Codes for Wastes Listed Above
15. Special Handing Instructions and Additional Information
16. GENERATOR'S CERTIFICATION: | hereby declare that the contents of this consignment are fully and accuralely described above by
proper shipping name and are classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway
according to applicable international and national government regulations
If | am a large quantity generator, | certify that | have a program in place to reduce the volume and toxicity of waste generated to the degree | have
determined to be economically practicable and that | have selected the practicable method of treatment, storage, or disposal currently available to me
which minimizes the present and future threat to human health and the environment; OR, if | am a small guantity generator, | have made a good faith
effort to minimize my waste generation and select the best waste management method that is available to me and that | can afford.
Printed/Typed Name Signature Month  Day Year
; 17. Transporter 1 Acknowledgment of Receipt of Materials
g Printed/Typed Name Signature Month  Day Year
s
P
@ [ 18. Transporter 2 Acknowledgment of Receipt of Materials
:E; Printed/Typed Name Signature Month  Day Year
F | 19. Discrepancy Indication Space
A
c
I
L
t | 20. Facility Owner or Operator. Certification of receipt of hazardous materials covered by this manifest except as noted in Item 19.
T Printed/Typed Name Signature Month Day Year
Y
EPA Form 8700-22 (Rev. 9-88) Previous edition is obsolete.
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EXERCISE (#2)
You are asked by your boss to ship a 55 Gallon mental drum with 52 gallons of Acetone
(Spent) solvents (30%), Xylene (30%), Toluene (30%), and Water (10%) which has a
flashpoint of 70°F and a boiling point of 118°F.

Using a copy of the Code of Federal Regulations 40/49-CFR, complete a Hazardous Waste
Manifest, Marking, and Labeling of the package. Using the information provided. (show where
the Hazard Label & EPA sticker goes)
Mode of Transportation: Highway
Gross Weight: 360 lbs



Vol Ll Ll Ll

HAZARDOUS WASTE

FEDERAL AND/OR STATE LAWS PROHIBIT IMPROPER DISPOSAL

IF FOUND, CONTACT THE NEAREST POLICE OR PUBLIC SAFETY
AUTHORITY, THE U.S. ENVIRONMENTAL PROTECTION AGENCY OR THE
NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

GENERATOR INFORMATION:

NAME
ADDRESS PHONE

CITY STATE ZIP

EPA STATE MANIFEST
ID NO. DOCUMENT NO.

ACCUMULATION EPA
START DATE WASTE NO.

D.0.T. PROPER SHIPPING NAME AND UN OR NA NO. WITH PREFIX

HANDLE WITH CARE!
& &L

Printed By: Lab Safety Supply Inc., Janesville W| 53547-1368 Reorder No. 301?6

A A NS S AN S

“““““

N
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Please printortype.  (Form designed for use on elite (12-pitch) typewriter.) Form Approved OMB No. 2050-0039. Expires 9-30-99

1. Generators US EPA ID No. Manifest 2. Page 1 Informationin the shaded areas
UNIFORM HAZARDOUS Document No, is not required by Federal
WASTE MANIFEST of law.
3. Generator's Name and Mailing Address A. State Manifest Document Number
B. State Generator's ID
4. Generator's Phone
5. Transporter 1 Company Name 6. US EPA ID Number C. State Transporter's ID
. D. Transporter's Phone
7. Transporter 2 Company Name 8. US EPA ID Number E. State Transporter's ID
F. Transporter's Phone
9. Designated Facility Name and Site Address 10. US EPA ID Number G. State Facility's ID
H. Facility’s Phone
12. Containers 13 14,
11.  US DOT Descriplion {including Proper Shipping Name, Hazard Class, and ID Number) Total Unit 1
No. Type Quantity WtVol|  Waste No.
G a.
E
N
E| b
R
A
T
ol ©
R
d.
J. Additional Descriptions for Materials Listed Above K. Handling Codes for Wastes Listed Above
15. Special Handing Instructions and Additional Information
16. GENERATOR'S CERTIFICATION: | hereby declare that the contents of this consignment are fully and accuralely described above by
proper shipping name and are classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway
according to applicable international and national government regulations
If | am a large quantity generator, | certify that | have a program in place to reduce the volume and toxicity of waste generated to the degree | have
determined to be economically practicable and that | have selected the practicable method of treatment, storage, or disposal currently available to me
which minimizes the present and future threat to human health and the environment; OR, if | am a small guantity generator, | have made a good faith
effort to minimize my waste generation and select the best waste management method that is available to me and that | can afford.
Printed/Typed Name Signature Month  Day Year
; 17. Transporter 1 Acknowledgment of Receipt of Materials
g Printed/Typed Name Signature Month  Day Year
s
P
@ [ 18. Transporter 2 Acknowledgment of Receipt of Materials
:E; Printed/Typed Name Signature Month  Day Year
F | 19. Discrepancy Indication Space
A
c
I
L
t | 20. Facility Owner or Operator. Certification of receipt of hazardous materials covered by this manifest except as noted in Item 19.
T Printed/Typed Name Signature Month Day Year
Y
EPA Form 8700-22 (Rev. 9-88) Previous edition is obsolete.
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EXERCISE (#3)
You are asked by your boss to ship a 55 Gallon mental drum with 52 gallons of Acetone 60%
and rain water 40%, ( it contains no other regulated material) it has a flashpoint of 70°F and a
boiling point of 118°F.

Using a copy of the Code of Federal Regulations 40/49-CFR, complete a Hazardous Waste
Manifest, Marking, and Labeling of the package. Using the information provided. (show where
the Hazard Label & EPA sticker goes)
Mode of Transportation: Highway
Gross Weight: 360 lbs



Vol Ll Ll Ll

HAZARDOUS WASTE

FEDERAL AND/OR STATE LAWS PROHIBIT IMPROPER DISPOSAL

IF FOUND, CONTACT THE NEAREST POLICE OR PUBLIC SAFETY
AUTHORITY, THE U.S. ENVIRONMENTAL PROTECTION AGENCY OR THE
NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

GENERATOR INFORMATION:

NAME
ADDRESS PHONE

CITY STATE ZIP

EPA STATE MANIFEST
ID NO. DOCUMENT NO.

ACCUMULATION EPA
START DATE WASTE NO.

D.0.T. PROPER SHIPPING NAME AND UN OR NA NO. WITH PREFIX

HANDLE WITH CARE!
& &L

Printed By: Lab Safety Supply Inc., Janesville W| 53547-1368 Reorder No. 301?6

A A NS S AN S

“““““

N
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Please printortype.  (Form designed for use on elite (12-pitch) typewriter.) Form Approved OMB No. 2050-0039. Expires 9-30-99

1. Generators US EPA ID No. Manifest 2. Page 1 Informationin the shaded areas
UNIFORM HAZARDOUS Document No, is not required by Federal
WASTE MANIFEST of law.
3. Generator's Name and Mailing Address A. State Manifest Document Number
B. State Generator's ID
4. Generator's Phone
5. Transporter 1 Company Name 6. US EPA ID Number C. State Transporter's ID
. D. Transporter's Phone
7. Transporter 2 Company Name 8. US EPA ID Number E. State Transporter's ID
F. Transporter's Phone
9. Designated Facility Name and Site Address 10. US EPA ID Number G. State Facility's ID
H. Facility’s Phone
12. Containers 13 14,
11.  US DOT Descriplion {including Proper Shipping Name, Hazard Class, and ID Number) Total Unit 1
No. Type Quantity WtVol|  Waste No.
G a.
E
N
E| b
R
A
T
ol ©
R
d.
J. Additional Descriptions for Materials Listed Above K. Handling Codes for Wastes Listed Above
15. Special Handing Instructions and Additional Information
16. GENERATOR'S CERTIFICATION: | hereby declare that the contents of this consignment are fully and accuralely described above by
proper shipping name and are classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway
according to applicable international and national government regulations
If | am a large quantity generator, | certify that | have a program in place to reduce the volume and toxicity of waste generated to the degree | have
determined to be economically practicable and that | have selected the practicable method of treatment, storage, or disposal currently available to me
which minimizes the present and future threat to human health and the environment; OR, if | am a small guantity generator, | have made a good faith
effort to minimize my waste generation and select the best waste management method that is available to me and that | can afford.
Printed/Typed Name Signature Month  Day Year
; 17. Transporter 1 Acknowledgment of Receipt of Materials
g Printed/Typed Name Signature Month  Day Year
s
P
@ [ 18. Transporter 2 Acknowledgment of Receipt of Materials
:E; Printed/Typed Name Signature Month  Day Year
F | 19. Discrepancy Indication Space
A
c
I
L
t | 20. Facility Owner or Operator. Certification of receipt of hazardous materials covered by this manifest except as noted in Item 19.
T Printed/Typed Name Signature Month Day Year
Y
EPA Form 8700-22 (Rev. 9-88) Previous edition is obsolete.
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EXERCISE (#4)
You are asked by your boss to ship a 20 Gallon fiberboard drum with 4 each, 1 gallon cans (net
weight of each can is 4.0 1b.) of Lindane crystalline poweder, that is Lab packed.

Using a copy of the Code of Federal Regulations 40/49-CFR, complete a Hazardous Waste
Manifest, Marking, and Labeling of the package. Using the information provided. (show where
the Hazard Label & EPA sticker goes)
Mode of Transportation: Highway
Gross Weight: 35 lbs
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Vol Ll Ll Ll

HAZARDOUS WASTE

FEDERAL AND/OR STATE LAWS PROHIBIT IMPROPER DISPOSAL

IF FOUND, CONTACT THE NEAREST POLICE OR PUBLIC SAFETY
AUTHORITY, THE U.S. ENVIRONMENTAL PROTECTION AGENCY OR THE
NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

GENERATOR INFORMATION:

NAME
ADDRESS PHONE

CITY STATE ZIP

EPA STATE MANIFEST
ID NO. DOCUMENT NO.

ACCUMULATION EPA
START DATE WASTE NO.

D.0.T. PROPER SHIPPING NAME AND UN OR NA NO. WITH PREFIX

HANDLE WITH CARE!
& &L

Printed By: Lab Safety Supply Inc., Janesville W| 53547-1368 Reorder No. 301?6

A A NS S AN S

“““““

N
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Please printortype.  (Form designed for use on elite (12-pitch) typewriter.) Form Approved OMB No. 2050-0039. Expires 9-30-99

1. Generators US EPA ID No. Manifest 2. Page 1 Informationin the shaded areas
UNIFORM HAZARDOUS Document No, is not required by Federal
WASTE MANIFEST of law.
3. Generator's Name and Mailing Address A. State Manifest Document Number
B. State Generator's ID
4. Generator's Phone
5. Transporter 1 Company Name 6. US EPA ID Number C. State Transporter's ID
. D. Transporter's Phone
7. Transporter 2 Company Name 8. US EPA ID Number E. State Transporter's ID
F. Transporter's Phone
9. Designated Facility Name and Site Address 10. US EPA ID Number G. State Facility's ID
H. Facility’s Phone
12. Containers 13 14,
11.  US DOT Descriplion {including Proper Shipping Name, Hazard Class, and ID Number) Total Unit 1
No. Type Quantity WtVol|  Waste No.
G a.
E
N
E| b
R
A
T
ol ©
R
d.
J. Additional Descriptions for Materials Listed Above K. Handling Codes for Wastes Listed Above
15. Special Handing Instructions and Additional Information
16. GENERATOR'S CERTIFICATION: | hereby declare that the contents of this consignment are fully and accuralely described above by
proper shipping name and are classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway
according to applicable international and national government regulations
If | am a large quantity generator, | certify that | have a program in place to reduce the volume and toxicity of waste generated to the degree | have
determined to be economically practicable and that | have selected the practicable method of treatment, storage, or disposal currently available to me
which minimizes the present and future threat to human health and the environment; OR, if | am a small guantity generator, | have made a good faith
effort to minimize my waste generation and select the best waste management method that is available to me and that | can afford.
Printed/Typed Name Signature Month  Day Year
; 17. Transporter 1 Acknowledgment of Receipt of Materials
g Printed/Typed Name Signature Month  Day Year
s
P
@ [ 18. Transporter 2 Acknowledgment of Receipt of Materials
:E; Printed/Typed Name Signature Month  Day Year
F | 19. Discrepancy Indication Space
A
c
I
L
t | 20. Facility Owner or Operator. Certification of receipt of hazardous materials covered by this manifest except as noted in Item 19.
T Printed/Typed Name Signature Month Day Year
Y
EPA Form 8700-22 (Rev. 9-88) Previous edition is obsolete.
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Rice Services Institute, Inc.
9622 East Keats Ave.
Mesa, AZ 85212

GENERATOR'S HAZARDOUS WASTE SHIPMENT CHECKLIST
(Non-Radioactive)
Using 499CFR

Determine the hazardous waste number(s) for the material using 40CFR, Part 261, Subpart C, and D.
(Once a Waste Number is assigned you have a Hazardous Matenaﬁ

g%tglnme which Hazard Class or Division, and the Packing Group fits your material, using Part 173
efinitions

Whatis the Hazard Class or Division, Packing Group for your material ?

o

Determine the Proper e and other information that is to be used for this shipment from the
Hazardous Matenals Tab (H%\/H) (172.101):

a. Items Listed by Name: (technical grade, or pure).

b. Items Not Listed by Name: ( generic chemicals, generic use, hazard description, mixtures, solutions, and
multiple hazards).

c.  The following information will be used for this Shipment:

1) Proper Shipping Name:
2) Hazard Class or Division:
3) Identification Number:

4) Packing Group number:
5) Label(s) Required: ,

Do you have a Hazardous Substance Or Marine Pollutant?

a. Hazardous Substance; yes: orn/a:
(Listed in Appendix A to 172.101 +RQ per package = Hazardous Substance) (171.8)
b. Marine Pollutants yes: orn/a:

(1) (Listed in Appendix B to 172.101 + being transported by Water )
(@) Witha"PP" BULK & NON-BULK packaging 1%, with-out 10%.
(2) (Listed in Appendix s to 172.101 + NOT being transported by water
(@) Witha"PP" BMX packaging 1%, with-out 10%.
Do any of the Special Provisions (in Column. 7) apply to what is being shipped?

yes: orn/a:
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6. Which Packaging Sections are you using?
a. Exception (Col.. 8A) (Spec. packaging not required "IF" material fits are of the listed Packaging exceptions)

yes: or n/a:
b. NonBulk (Col.8B) (asrequired by packaging Section "UN" packaging is required by Air or Vessel
(1 Oct 1996 for Highway) yes: orn/a:
c. Bulk (Col. 8C) (My be UN or DOT spec.Packaging)
yes: orn/a:
d. Orare you using one of the following?
(1) Packaging and Exceptions (173.3) Yes: orn/a:
(Salvage Drum)
(2) Exceptions for Waste materials Yes: orn/a:
(173.12)
e . Al UN Packaging must meet the Marking and Testing requirements of Part 178, does yours?
Yes: or n/a:
f. Areyou using an overpack (173.25) Yes: orn/a:
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COMPLETING THE UNIFORM HAZARDOUS WASTE MANIFEST (CHECKLIST)

Checks made

yes

no

n/a

Key (1) Generator's US EPA number & Manifest Document No.
Key (2) Pages of Pages
Key (3) Generator's Name & Mailing Address
Key (4) Generator's Phone No. (May be the "EMERGENCY CONTACT
Telephone number required by DOT", (49CFR, 172.6.04(a))
Key (5) Transporter 1, Company Name
Key (6) Transporter 1, US EPA ID number
Key (7) Transporter 2, Company Name
Key (8) Transporter 2, US EPA ID number
Key (9) Designated Facility Name & Site Address
Key (10) Designated Facility US EPA Number
Key (11) US D.O.T. Description
(a),(b),(c),(d), Including
(1) Proper Shipping Name; (172.202(a)(1))(the word "WASTE"
preceding)
(2) Hazard Class; (172.202(a)(2))
(3) UN or NA Number; (172.202(a)(3))
(4) Packing Group; (172.202(a)(4))

"Note" These next ltems MAY or MAY NOT be required in Key 11
Exemption; "DOT-E-XXXX" Must be entered if app. (172.203(a))
"Limited Quantity" or "Ltd Qty" (172.203(b))
Hazardous Substance; "l the name does not identify the hazardous substance,
then one of the following will be used: Name, Waste Stream number,
EPA Characteristic, or corresponding "D", Plus add the letters "RQ" in
front of the Proper Shipping Name. (172.203(c)(1),(2))
Empty Packaging; "Residue Last Contained*****" (172.203(e))
"Dangerous When Wet"; (172.203(j))
"Technical names" for N.O.S. & Generic (172.201(d), 172.203(k))
Marine Pollutants;  "ldentify the component in parentheses, add the words
MARINE POLLUNTANT with the description.
(172.203(1)(1), (2))

Poisonous Materials;  "Poison" , or "Poison-Inhalation Hazard" and the Hazard
Zone, AB,C,& D". (172.203(m))

Key (12) Containers; No. & Type: (example 001, DF) one fiberboard Drum

Key (13) Containers; Total Quantity each Line: (Example 00055)
Key (14) Units; By wt/Vol, "G" gallon, "P" pounds, "T" tons, "Y" Cubic yards, "L"
liters, "K" Kilograms, "M" metric tons, and "N" Cubic meters.

Key (15)  Special Handling Instructions & Additional Information: "The
EMERGENCY CONTACT telephone number may be entered here or
in Key 9", If carrier has the Emergency Response Guidebook you may
reference it in Key 11 or here: (Example for Key 11; Use ERG 26, after
the required entries), (for Key 15; Use ERG 26 for Item (a) in key 11),
or (See attached Emergency Response Information)

Key (16) GENERATOR'S CERTIFICATION: (Includes; Printed or typed name,
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| Hand written Signature, Date.

COMPLETING THE UNIFORM HAZARDOUS WASTE MANIFEST (CHECKLIST)

Checks made

yes

no

n/a

Container marked UN or DOT spec. (check Bottom head)(Part 178)
Using a Hazardous Waste Sticker for the Marking requirements

Hazard Waste Statement as required by (40CFR, 262.32(b))
Generator's Name and Address as required by (40CFR, 262.32(b))
Manifest Document Number as required by (40CFR, 262.32(b))

EPA Waste Number(s) (See Hazardous Substances below for

D.O.T. requirements)

Generator's EPA ID Number

Accumulation Start Date

Proper Shipping Date (172.301(a))

UN/NA number 172.301(a)

(Technical name for N.O.S. and Generic (172.301(b))

Exemption "DOT-E-XXX" (172.301(c))

Orientation Marking for Liquid in combination packaging (172.312(a))

Inhalation Hazard (172.313(a))

Hazard Substances; If the name does not identify the hazardous substance, then
one of the following will be used in parentheses and marked
near the proper Shipping Name: Name, Waste Stream
number, EPA Characteristic, or corresponding D" number
Plus add the letters "RQ" in front of the Proper shipping
Name. (172.324(a),(b))

Marine Pollutants: "Identify the component in parentheses, add the MARINE
POLLUNTANT marking near the hazard warning label
(172.322(e))

Salvage Drums; for Damage, Defective, or Leaking containers must be marked
"Salvage Drum" (173.3(c))

Overpacks; Mark the same as the inside packages, excpet for the Spec. marking,
each package subject to the Orientation marking arrows must be so
marked on two opposite sides, and must also be marked with a
statement "Inner packagees comply with prescribed specifications"
(173.25(a)(4))

Packaging containing Poison Inhalation Hazards;must be marked with the words
"Inhalation Hazard" (172.313(a))

COMPLETING THE HAZARDOUS WASTE LABELING (CHECKLIST)

Checks made

yes

no

n/a

Apply the hazard Label that is called for in Column 6 of the Hazardous Materials
Table 172.101

Overpacks, Label the same as the inside packages (172.400(a)(5))
Additional Label(s) Subsidiary Hazard (172.402(a))
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| Place the Hazard label near the marked Proper Shipping Name (172.406(a))
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COMPLETING THE UNIFORM HAZARDOUS WASTE MANIFEST (CHECKLIST)
PLACARDS requirements (172.500's)
checks made
yes | no | n/a
Generator's Requirements is to "Provide" (172.506(a))

Generator's Requirements is to "Affix" IF you are Loading & closing the Transport Vehicle,
Freight Container, Unit Load Device or Bulk Packaging (172.506(a))

Are the proper Placards applied to the Transport vehicle, Freight Container, unit load
Device, or Bulk Packaging (172.504(a))

Any amount of an "Poison Inhalation Hazard" must be placarded "Poison" or Poison Gas.
(172.505(a))
**Note*** "The 1001 pound Exception applies only to Transportation by Highway and Rail"

Comments:

Checked By: Signature:
Place: Date:
Time:

*IF ANY QUESTION IS ANSWERED WITH A "NO" DO NOT OFFER THE SHIPMENT
UNTIL THEY ARE CORRECTED. THIS FORM IS TO BE COMPETED BY THE SHIPPER.
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LIST OF AVERAGE WEIGHT PER GALLON OF LIQUIDS
AND LIQUIFIED GASES (AT 60°F UNLESS INDICATED OTHERWISE)
Department of Transportation, Transportation Safety Institute

The following list of commodities, while not totally complete, does show the approximate
weight per gallon of many hazardous materials. It may be used in estimating weights with regard
to the placarding requirements and also may be used in estimating weight with regard to the
weight limitations of various specification packages.

Certain factors such as density, chemical properties and temperature are important in
determining true weight by volume, therefore, during any investigation it would be necessary to
obtain data sheets on the specific commodity or a statement from the shipper as to its factual
weight.

Module 5 - 57

Pounds/Gallon Commodity Pounds/Gallon Commodity
6.93 Acetal 8.0 Ammonia Solution,
6.65 Acetaldehyde (10%)
8.65 Acetic Acid - 28% strength 7.5 Ammonia Solution, Strong
8.94 70% strength (18%)
8.94 84% strength 7.4 Amvl Acetate
8.75 Glacial strength 6.78 Amyl Alcohol, Normal
9.04 Acetic Anhydride 6.76 Amyl Alcohol, Refined
6.64 Acetone 6.30 Amyvl Amine
7.75 Acetone Cyanahydrin 7.38 Amyl Chloride
6.871t07.19 Acetone Oils (Ketone 6.7 Amylene Hydrate
Oils) 7.1 Amyl Mercaptan
6.51 Acetonitrile 7.1 Amyl Nitrite
8.6 Acetophenone 7.2 Amvl Oleate
8.11 Acetylacetone 8.1 Amyl Phenol
9.18 Acetyl Chloride 7.7 p-tert-Amyphenol
10.7 Acetylene Dichloride 8.5 Amyl Phthalate
13.3 Acetylene Tetrachloride 7.3 Amyl Propionate
6.97 Acrolein 8.8 Amyl Salicylate
7.48 to 7.90  Acrvlic Esters 8.2 Anethole
6.64 Acrylonitrile 8.5 Aniline
6.6 Alcohol, Anhydrous 8.2 Anise Oil
6.8 Alcohol 9.1 0-Anisidine
6.9 Aldehol 8.3 Anisole
9.2 Aldol 7.44 Aqua Ammonia
7.14 Allyl Alcohol 7.5 Aromatic Ammonia Spirit
11.6 Allvl Bromide Asphalt - Averages at
7.7 Allyl Chloride Transport
8.56 Allyl Mercaptan Temperatures
11.1 Average - Alum 7.8 RC-0
8.7 Aluminum Subacetate 7.9 RC-1
Solution 8.0 RC-2
7:68 Aminoethyl Ethanolamine 8.1 RC-3 -
5.14 Ammonia, Anhydrous 8.2 RC-4
(liquified) 8.3 RC-5
8.6 40-50 Penetration



Pounds/Gallon  Commodity Pounds/Gallon Commodity
R S5 60-150 Penetration R0 Rutvric Acid
8.3 Emulsified 8.1 Butyric Anhydride
8.3 Balsam Canada 7.32 Butyric Ether (Ethyl
8.1 Bay Oil Butyrate)
10.5 Benzal Chloride 8.83 Calcium Bisulfite Solution
8.7 8enzaldehyde 7.7 n-Caproic Acid
7.3 Benzene 7.6 Caprylic Acid
11.5 Benzotrichloride 7.5 Caraway Oil
10.2 Benzoyl Chloride 82 Carbitol
8.8 Benzyl Acetate 8.5 Carbitol Acetate
8.7 Benzyl Alcohol 8.88 Carbolic Acid (Phenol)
9.3 Benzyl Benzoate 8.76 Carbon Dioxide (-50°F,
8.9 Benzyl Cellosolve Liquified)
9.2 Benzyl Chloride 10.5 Carbon Disulfide
8.7 Benzyl Ether 13.3 Carbon Tetrachloride
7.3 Bergamot Oil 7.8 Cardamon Oil
8.7 Bitter Almond Oil 8.31 Carnauba Wax
7.1 Bitter Orange Oil 8.1 Carvacrol
8.2 Bornyl Acetate 8.0 Carvone
26.0 Bromine 55t05.8 Casinghead Gasoline
12.5 Bromobenzene 8.01 Castor Oil
11.6 Bromethytbenzene 12.7 Caustic Soda 50% Strength
24.0 8romoform 14.7 73% Strength
11.9 o-Bromotoluene 7.8 Cellosolve
11.7 p-Bromotoluene 8.1 Cellosolve Acetate
5.16 Butadiene 8.0 Chenopodium Oil
4.86 Butane 12.6 Chloral
8.06 Butyl Acetoacetate 134 Chlordane
7.8 Butyl Acetyl Ricinoleate 12.17 Chlorine (Liquified)
6.74 Butyl Alcohol, Normal 11.37 Chloroacetic Acid
6.72 Butyl Alcohol, Secondary 9.55 Chloroacetone
6.56 Butvl Alcohol. Tertiarv 10.1 0-Chloroaniline
6.69 Butyl Aldehyde, Normal 9.2 Chlorobenzene
6.22 Butylamine 9.6 b-Chloroethyl Acetate
10.6 n-Butyl Butyrate 8.7 Chloroethylbenzene
8.0 Butyl Carbitol 12.3 Chloroform
7.5 Butyl Cellosolve 10.2 Chloronaphalene Oils
7.4 n-Butyl Chloride 9.6 b-Chlorophenetole
8.7 Butyl Citrate 10.3 0-Chlorophenol
8.3 1.3 Butyleneglycol 13.8 Chloropicrin
6.4 n-Butyl Ether 7.99 Chloroprene
6.3 Butyl Ethyl Ether 14.7 Chlorosulfonic Acid
8.1 Butyl Lactate 9.0 Chlorotoluene
7.48 Butyl Methacrylate 8.8 Cinnamon Oil
8.3 Butvl Oxalate 7.1 Citronellal
8.7 n-Butyl Phthalate 7.5 Citronella -01l
7.2 Butyl Propionate 8.7 Clove Oil
7.2 Butyl Stearate 7.7 Coconut Oil
6.8 n-Butyraldehydge 7.7 Cod Liver Oil
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Pounds/Gallon Commodity Pounds/Gallon Commodity
~A Calladian AR Niethv]l Carhinal
7.62 Copra Oil 7.6 Diethyl Carbitol
11.82 Corn Syrup 8.13 Diethyl Carbonate
7.68 Cottonseed Oil 8.61 Diethylene Ether (Dioxane)
8.96 Creosote 9.32 Diethylene Glycol
8.55 Cresol 8.24 Diethylene Glycol Diethyl
8.62 t0 8..76  Cresytic Acid Ether
7.15 Crotatdehyde 8.0 Diethylene Glycol
7.2 Crotonaldehyde Monolaurate
7.3 Crotonyl Alcohol 7.5 Diethylformamide
Crude Oil 6.8 Diethyl Ketone
6.76 Pennsylvania 94 Diethyl Phthalate
7.21 Wyoming 9.8 Diethyl Sulfate
725 Oklahoma 9.7 Diglycol Chlorohydrin
7.3 Texas 8.1 Diglycol Laurate
7.6 Cubeb Oil 7.7 Digtycol Oleate
7.2 Cumene 6.7 Diisobutyl Ketone
6.5 Cyclohexane 8.3 Diisopropanolamine
8.0 Cyclohexanol 6.0 Diisopropylamine
8.05 Cyclohexanol Acetate 10.3 Dimercaprol
7.9 Cyclohexanone 8.4 Dimethoxytetraglycol
6.7 Cyclohexene 5.7 Dimethylamine
8.6 Cyclohexyl Glycolate 8.0 Dimethylaniline
6.2 Cyclopentane 5.5 Dimethyl Ether
7.9 Cyclopentanol 7.9 Dimethylformamide
7.9 Cyciopentanone 7.4 Dimethyl Furan
6.4 Cyclopentene 8.3 Dimethyl Glyoxal
7.2 m-Cymene 9.9 Dimethyl Phthalate
7.3 0-Cymene 11.1 Dimethyl Sulfate
7.1 p-Cvmene 6.7 Dioctvlamine
6.92 Decylaidehyde 8.6 1,4Dioxane
7.8 Diacetone Alcohol 8.9 Dioxolane
6.7 Diallyl Ether 9.7 Diphenylamine
6.42 Diamylamine 6.1 Dipropylamine
6.4 Dibutylamine 8.6 Dipropylene Glycol
8.24 Dibutyl Phthalate 6.8 Dipropyl Ketone
7.79 Dibutyl Sebacate 7.73 Divinylbenzene
13.1 Diahloroacetic Acid 6.32 Dodecene
10.9 o-Dichlorobenzene 7.2 Dwarf Pine Needle Oil
10.47 Dichloroethylene 9.9 Epichlorohydrin
10.2 sym: Dichloroethyl Ether 8.5 Ethanolamine
9.3 Dichloroisonroovl Ether 6.0 Ether (at 20°F)
9.02 Dichloropentane 7.8 Ethohexadiol
7.05 Diesel Fuel (approximate) 7.5 Ethyl Acetate
9.08 Diethanolamine 8.6 Ethyl Acetoacetate
5.8 Diethylamine 7.62 Ethyl Acrylate
7.34 Diethyl Benzene 6.53 Ethyl Alcohol (Ethanol)
7.2 2-Diethylaminoethanol 59 Ethylamine
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7.8 Dithylaniline 8.0 m-Ethylaniline
Pounds/Gallon Commodity Pounds/Gallon Commodity
R R Fthvl Renznate 04 Fthvl Salicvlate
11.9 Ethyl Bromide 7.8 Ethyl Silicate
6.9 2-Ethylbutyl Alcohol 11.0 Ethylsulfuric Acid
6.8 Ethyl Butyl Ketone 11.5 Ethyl Trichloroacetate
6.8 2-Ethylbutyl Alcohol 8.2 Ethyl Irethan
7.3 Ethyl n-Butyrate 7.7 Eucalyptol
7.7 2-Ethylbutyric Acid 7.6 Eucalyptus Oil
7.5 Bethyl Caproate 8.9 Expressed Almond Oil
8.1 Ethyl Carbonate 8.0 Fennel Oil
9.7 Ethyl Chloroacetate 11.0 Ferric Chloride Solution
9.5 Ethyl Chlorofomate 12.9 Ferric Subsulfate Solution
8.8 Ethyl Cinnamate 11.4 Ferrous Iodide Syrup
9.5 Ethyl Citrate 10.73 Fluosilicic Acid
5.07 Ethylene (32°F) 9.13 Formaldehyde
10.05 Ethylene Chlorohydrin 9.0 Formaldehyde Solution
8.66 Ethylene Cyanohydrin 9.5 Formamide
7.5 Ethylene Diamine 10.12 Formic Acid
7.5 Ethylene Diamine, 10.0 Formic Acid, 90%
Anhydrous 8.8 Formic Acid, 25%
18.2 Ethylene Dibromide 6.79 Fuel O1l #1
10.5 Ethylene Dichloride 7.01 #2
7.68 Ethylene Formate 7.09 #3
93 Ethylene Glycol 7.14 #4
9.2 Ethylene Glycol Diacetate 7.38 #5
9.2 Ethylene Glycol 8.13 #6
Monoacetate 8.00 Residual
7.7 Ethyl Formate 7.8 Furan
7.2s Ethyl Hexvyl Acetate 9.7 Furfural
6.94 Ethyl Hexyl Alcohol 9.4 Furfuryl Alcohol
16.1 Ethyl Iodide 6.92 Fusel Oil
7.2 Ethyl Isobutyrate 6.19 average Gasoline
6.2 Ethyl Isopropyl Ether 7.4 Geranial
7.2 Ethyl Isovalerate 7.4 Geraniol
8.6 Ethyl Lactate 10.51 Glycerine
8.9 Ethyl Maleate 13.2 Glycerophosphoric Acid
8.8 Ethyl Malonate 8.2 Glyceryl Laurate
7.56 Ethyl Methacrylate 9.2 Glycol Diacetate
6.0 Ethvl Methvl Ether 10.22 Glvcol Diformate
6.86 Ethyl Methyl Ketone 7.51t0 8.0 Greases
7.5 Ethyl Nitrite 7.7 Halibut Liver Oil
6.9 Ethvl Nitrite Spirit 7.1 Heptadecanol
9.0 Ethyl Oxalate 6.1 2.4-Heptadiene
8.7 Ethylphenylethanolamine 5.7 n-Heptane
8.5 Ethyl Phenyl Ketone 6.8 Heptyl Ether
9.4 Ethyla Phthalate 5.7 1.5-Hexadiene
7.4 Ethyl Propionate 59 2.4-Hexadiene
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6.1 Ethyl-n-Propyl Ether 6.9 n-Hexaldehyde
6.8 Ethyl Propyl Ketone 5.48 Hexane
Pounds/Gallon Commodity Pounds/Gallon Commodity
6 R Hexvl Alcohol 10 5 Teohntvl Rromide
6.39 Hexylamine 7.2 Isobutyl n-Butyrate
7.69 Hexyalene Glycol 6.78 Isobutyl Carbinol
6.8 n-Hexyl Methyl Ketone 7.4 Isobutyl Chloride
8.4 Hydrazine 6.3 isobutyl Ether
12.5 Hydriodic Acid 47% 7.3 Isobutyl Formate
11.5 Hydrobromic Acid 40% 7.2 Isobutyl Nitrite
Hydrochloric Acid: 7.4 Isobutyl Propionate
94 18° Baume 7.9 Isobutvric Acid
9.65 20° Baume 9.1 Isoeugenol
9.89 23° Baume 5.74 Isoctane
9.8 Hydrochloric Acid 5.19 Isopentane
5.8 Hydrocyanic Acid 97% 7.68 Isophorone
9.8 Hydrofluoric Acid 55% 5.7 Isoprene
10.6 Hydrofluosilicic Acid 30% 7.3 Isopropyl Acetate
12.2 Hydrogen Peroxide, 6.5 Isopropyl Alcohol
Anhydious 5.8 Isopropylamin® -
Hydrogen Peroxide: 7.2 Isopropylbenzene
9.19 28% Strength 10.9 Isoproovl Bromide
9.26 30% Strength 7.2 Isopropyl Chloride
9.44 35°I. Strength 6.0 Isopropyl Ether
11.6 90% Strength 7.8 Isovaleric Acid
12.1 100% Strength 6.5 Isovaleronitrile
9.2 Hydroxybutyraldehyde 6.06 to 6.87 Jet Fuel
9.4 Hypophosphorous 6.79 Kerosene
30% Ketones (See bv specific
9.0 Indalone type, viz. Methylethyl
8.0 Indan Keton)
4.81 Industrial Gas 10.38 Lactic Acid
Hydrocarbon gas) 7.61 Lard Oil
7.9 b-lonone 8.0to0 8.3 Latix
7.3 Isoamyl Acetate 7.74 Lauryl Alcohol
6.8 Isoamyl Alcohol 7.4 Lavender Oil
8.3 Isoamvl Benzoate 10.4 Lead Subacetate Solution
10.2 Isoamyl Bromide 7.5 Lemon Grass Oil
7.1 Isoamyl Butyrate 7.1 Lemon Oil
7.4 Isoamyl Chloride 7.0 d-Limonene
6.5 Isoamvl Ether 7.5 Linoleic Acid
7.1 Isoamyl Isovalerate 7.72 Linseed Oil
7.3 Isoamyl Nitrite 4.25 t0 4.86 Liquefied Petroleum Gas
8.6 Isoamyl Phthalate 8.9 Liquified Phenol
8.9 Isoamyl Salicylate 7.4 Liquid Petrolatum
4.63 Isobutane 7.1 Liquid Petrolatum. Light
7.7 Isobutenyl Chloride 7.75 Menhaden Oil
7.3 Isobutyl Acetate 7.4 1-Menthol
6.8 Isobutyl Alcohol 112.9 Mercury
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6.64 Isobutyl Aldehyde 7.13 Mesityl Oxide
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6.09 Isobutyl Amine 8.48 t0 9.24 Methacrylate Polymers
8.3 Isobutyl Benzoate 7.7 Methyl Acetate
Pounds/Gallon Commodity Pounds/Gallon Commodity
R0 Methvl Acetoacetate 7 63 Neatefoot Oil
7.9 Methyl Acrylate 5.54 Neohexane
7.1 Methylal Nitric Acid:
6.6 Methyl Alcohol 11.25 38° Baume
7.1 Methyl Amyl Acetate 11.7 42° Baume
6.7 Methyl Amyl Alcohol 11.7 Nitric Acid (68%)
6.8 Methyl Amyl Carbinol 12.5 Nitric Acid, Fuming
6.8 Methyl n-Amyl Ketone 10.0 Nitrobenzene
8.2 n-Methylaniline 8.74 Nitroethane
6.9 Methyl Butyl Ketone 7.9 Nitrogen Fertilizer Solutions
8.6 Methyl Carbitol 13.3 Nitroglycerin
8.0 Methyl 9.4 Nitromethane
8.4 Methyl Cellosolve Acetate 9.6 m-Nitrotoluene
6.51 Methyl Cyanide 9.7 o-Nitrotoluene
7.7 Methyl Cyclohexanone 5.9 n-Nonane
20.8 Methylene Bromide 6.8 Octanal
11.07 Methylene Chloride 5.9 Octane
27.7 Methylene Iodide 7.3 Octyl Acetate
6.7 Methyl Ethyl Ketone 6.9 Octyl Alcohol
8.1 Methyl Formate 6.87 Octyaldehyde
6.8 Methyl Hexyl Ketone 6.6 Octyl Amine
8.8 Methyl-3-Hydroxybutyrate 6.96 to 7.33 Oil, Fuel, #2 or 3
18.8 Methyl Iodide 7.5t0 8.5 Oil Fuel, #4, 5, and 6
6.7 Methyl Isobutyl Ketone 7.2t07.7 Oil, Lubricating
7.4 Methyl Isobutyrate 7.4 Oleic Acid
9.0 Methyl Lactate 7.6 Olive Oil
9.9 Methyl Phthalate 7.2 Orange Flower Oil
6.75 Methyl Propyl Carbinol 7.0 Orange Oil
6.1 Methvl Propvl Ether 8.0t0 12.0 Paint
6.73 Methyl Propyl Ketone 7.03 Palmitic Acid
9.9 Methyl Salicylate 7.92 Palm-Nut Oil
8.42 t0 8.64 Milk 7.98 Paraffin Wax
6.4 to 6.55 Mineral Spirits 8.29 Paraldehyde
11.75 Molasses 7.62 Peanut Oil
10.1 Monacetin 7.57 Pelargonic Acid
9.26 Monochlorobenzene 7.8 Pennyroyal Oil, American
11.1 a-Monochlorohydrin 14.0 Pentachloroethane
8.2 Monoisopropanolamine 52 Pentane
8.3 Morpholine 7.5 Peppermint Oil
13.12 Motor Fuel Antiknock 14.0 Perchloric Acid, 70%
Compound 13.39 Perchloroethylene
Muriatic Acid: 7.6 Persic Oil
9.49 18° 9.7 Peruvian Balsam
9.65 20° Baume 5.5. Petroleum Benzin
9.89 23° Baume 5.26 to 5.48 Petroleum Ether



7.6 Mustard Oil 8.0 Phenetole
7.5 Myristica OH 8.88 Phenol
6.2 to 7.99 Naphtha 8.6 Phenylacetaldehyde
7.16 to 7.46  Naphtha Solvent 8.9 Phenyl Acetate
Pounds/Gallon Commodity Pounds/Gallon Commodity
97 Phenvl Cellasolve 95ta 105 Resins Svnthetic
9.0 Phenylethanolamine 7.5 Rosemary Oil
8.6 Phenyl Ethyl Acetate 7.1 Rose Oil
8.5 Phenylethyl Alcohol 9.2 Safrol
7.31 Phorone 9.7 Salicylaldehydge
Phosphoric Acid: 8.1 Santal Oil
9.2 20% Strength 8.9 Sassafras Oil
10.1 35% Strength 7.6 Sesame Oil
11.1 50% Strength 9.1 Sodium Carbonate Solution
13.1 75% Strength 10%
14.9 85% Strength 12.8 Sodium Hydroxide Solution
13.92 Phosphorus Oxychloride 50%
13.1 Phosphorus Trichloride 10.0 Sodium Silicate
11.7 o-Phthalyl Chloride 11.0 Sorbitol
8.0 3-Picoline 10.4 Sorbitol Solution
8.6 Pimenta Oil 7.7 Soya Oil
7.1 dl-Pinene 7.68 Soybean Oil
7.4 Pine Needle Oil 7.7 Spearmint Oil
7.8 Pine Oil <153 Spent Acid
7.2 Piperidine 7.3 Sperm Oil
94 Polvethvlene Glycol 300 7.04 Stearic Acid
9.4 Polyethylene Glycol 400 6.98 Stoddard Solvent
9.0 Polysorbate 80 7.66 Styrene
9.2 Polyvinvl Acetate Emulsion 8.9 Succinaldehvde
10.06 Polyvinyl Alcohol 16.8 Sulfur (molten)
7.7 Poppy Oil 14.03 Sulfur Chloride
12.7 Potassium Hydroxide Sulfuric Acid:
Solution 50% 12.54 53° Baume
10.4to 11.56 Potassium Silicate 14.19 60° Baume
Solutions 15.25 66° Baume
6.7 Propionaldehyde 15.92 20% Oleum
8.3 Propionic Acid 15.3 Sulfuric Acid, 96%
8.3 Propionie Anhydride 8.5 Sulfuric Acid, 6%
6.5 Propionitrile 7.68 Sunflower Oil
7.4 Propyl Acetate 11.0 Syrup
6.7 n-Proovl Alcohol 7.99to 831 Tall Oil
6.72 Propyl Alcohol 7.44 Tallow
7.4 Propyl Chloride 9.0to 10.37 Tar
9.2 7.8 Terebene
7.3 Propylenediamine 7.78 Terpineol
9.7 Pronvlene Dichloride 13.6 Tetrachloroethvlene
8.6 Propylene Glycol 7.0 Tetradecanol
6.9 Propylene Oxide 9.4 Tetraethylene Glycol
6.1 Propyl Ether 7.4 Tetrahydrofuran
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8.2 Pvridine
5.1 Quinoline
7.6 Rapeseed Oil
7.4 Red Oil
11.0 Refrigerant Gases
Pounds/Gallon  Commodity
7.7 Thyme Oil
14.66 Titanium Tetrachloride
7.21 Toluene
8.74 Toluidine
9.7 Triacetin
6.5 Tributylamine
8.7 Tributyl Citrate
8.1 Tributyl Phosphate
12.16 Trichlorobenzene
12.0 1,1,2-Trichloroethane
12.2 Trichloroethylene
11.54 Trichtorosilane
9.36 Triethanolamine
6.07 Triethylamine
9.35 Triethylene Glycol
8.9 Triethylphosphate
8.8 Trimethylene Glycol
10.1 Trimethyl Phosphate
7.6 Triolein
7.8 Tung Oil
7.2 Turpentine Oil
7.2 Turpentine Oil, Rectified
6.2 Undecane
6.9 1-Undecanol
7.6 Undecylenic Acid
11.08 Urea Solutions, Average
7.9 Valeric Acid
6.7 Valeronitrile
7.73 Varnish
7.75 Vinyl Acetate
7.57 Vinyl Chloride
6.42 Vinyl Ether
6.22 Vinyl Methyl Either
7.2 Vinyl Toluene
8.1 Vitamin K
8.3 Water
7.7 Whiskey
8.2 Wine
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7.2 m-Xylene (Xylol)

7.5 o0-Xylene (Xylol)
8.09t0 8.26  Xylidine
7.8 Ylang-Ylang Oil
TABLES OF EQUIVALENCE
WEIGHT CONVERSION TABLES
a. Conversion Factors
MULTIPLY BY TO OBTAIN
Grams 0.03527 Ounces
Grams 0.002205 Pounds
Kilograms 35.2736 Ounces
Kilograms 2.2046 Pounds
Ounces 28.3495 Grams
Pounds 16 Ounces
Pounds 453.59 Grams
Pounds 0.45359 Kilograms
Hundredweight 112 Pounds
Hundredweight 50.802 Kilograms
b. Pounds to kilograms and vice versa.

When the central value in any row of these weight conversion tables is taken to be in pounds, its
equivalent value in kilograms is shown on the left; when the central value is in kilograms, its
equivalent in pounds is shown on the right.

kg | «<1b kg— | 1b kg «—1b kg— 1b kg | «<1b kg— 1b
0.227 0.5 1.1 23 50 110 | 90.7 200 441
0.454 1 2.2 25 55 121 95.3 210 463
0.907 2 4.41 27 60 132 | 99.8 220 485
1.36 3 6.61 30 65 143 102 225 496
1.81 4 8.82 32 70 154 104 230 507
2.27 5 11 34 75 165 109 240 529
2.72 6 13.2 36 80 176 113 250 551
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3.18 7 15.4| 39 85 187 | 118 260 573
3.63 8 17.6] 41 90 198 | 122 270 595
4.08 9 19.8| 43 95 209 | 125 275 606
kg | <lbkg—| 1b kg |<Ibkg—| Ib kg | «Ibkg— Ib
4.54 10 22 45 100 220 127 280 617
4.99 11 24.3 48 105 231 132 290 639
5.44 12 26.5 50 110 243 136 300 661
5.9 13 28.7 52 115 254 159 350 772
6.35 14 30.9 54 120 265 181 400 882
6.8 15 33.1 57 125 276 204 450 992
7.26 16 35.3 59 130 287 227 500 1102
7.71 17 37.5 61 135 298 247 545 1202
8.16 18 39.7 64 140 309 249 550 1213
8.62 19 41.9 66 145 320 272 600 1323
9.07 20 44.1 68 150 331 318 700 1543
11.3 25 55.1 73 160 353 363 800 1764
13.6 30 66.1 77 170 375 | 408 900 1984
15.9 35 77.2 79 175 386 454 1000 2205
18.1 40 88.2 82 180 397

20.4 45 99.2 86 190 419
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LIQUID MEASURE CONVERSION TABLES

(a) Conversion factors
MULTIPLY BY TO OBTAIN
Liters 02199 Imperial gallons
Liters 1.759 Imperial pints
Liters 02643 U.S. gallons
Liters 2.113 U.S. pints
Gallons 8 Pints
Imperial gallons 4.546 Liters

Imperial gallons } { U.S. gallons

Pints 120095 Pints
Imperial pints 0.568 Liters
U.S. gallons 3.7853 Liters
U.S. gallons Imperial
Pints } 0.83268 { Pints
U.S. pints 0.473 Liters

(b) Imperial pints to liters and vice versa

When the central value in any raw of these liquid measure conversion tables is taken to be in
pints, its equivalent value in liters is shown on the left; when the central value is in liters, its
equivalent in pints is shown on the right.

L «—pt L— pt
0.28 0.5 0.88
0.57 1 1.76
0.85 1.5 2.64
1.14 2 3.52
1.42 2.5 4.4
1.7 3 5.28
1.99 3.5 6.16
2.27 4 7.04
2.56 4.5 7.92
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2.84 5 8.8

L «—pt L— pt
3.12 5.5 9.68
3.41 6 10.56
3.69 6.5 11.44
3.98 7 12.32
4.26 7.5 13.2
4.55 8 14.08

(c) Imperial gallons to liters and vice versa.

When the central value in any row of these liquid measure conversion tables is taken to be in
gallons, its equivalent value in liters is shown on the left; when the central value is in liters, its
equivalent in gallons is shown on the right.

L —gal L— gal L —gal L— gal
2.27 0.5 0.11 159.11 35 7.7
4.55 1 0.22 163.65 36 7.92
9.09 2 0.44 168.20 37 8.14
13.64 3 0.66 172.75 38 8.36
18.18 4 0.88 177.29 39 8.58
22.73 5 1.10 181.84 40 8.80
27.28 6 1.32 186.38 41 9.02
31.82 7 1.54 190.93 42 9.24
36.37 8 1.76 195.48 43 9.46
40.91 9 1.98 200.02 44 9.68
45.46 10 2.20 204.57 45 9.90
50.01 11 242 209.11 46 10.12
54.55 12 2.64 213.66 47 10.34
59.10 13 2.86 218.21 48 10.56
63.64 14 3.08 222.75 49 10.78
68.19 15 3.30 227.30 50 11.00
72.74 16 3.52 250.03 55 12.09
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L —gal L— gal L «—gal L— gal
77.28 17 3.74 272.76 60 13.20
81.83 18 3.96 295.49 65 14.29
86.37 19 4.18 318.22 70 15.40
90.92 20 4.40 340.95 75 16.49
95.47 21 4.62 363.68 80 17.60

100.01 22 4.84 386.41 85 18.69
104.56 23 5.06 409.14 90 19.80
109.10 24 5.28 431.87 95 20.89
113.65 25 5.50 454.60 100 22.00
118.19 26 5.72 613.17 135 29.69
122.74 27 5.94 681.90 150 32.98
127.29 28 6.16 909.20 200 43.99
131.83 29 6.38 1022.85 225 49.48
136.38 30 6.60 1136.50 250 54.97
140.92 31 6.82 1363.80 300 65.99
145.47 32 7.04 1591.10 350 76.96
150.02 33 7.26 1818.40 400 87.99
154.56 34 7.48 2045.70 450 98.95
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TEMPERATURE CONVERSION TABLES

Degrees Fahrenheit to degrees Celsius and vice versa.

When the central value in any row of these temperature conversion tables is taken to be in °F, its
equivalent value in °C is shown on the left' when the central value is in °C, its equivalent value
in °F is shown on the right.

General Formula: °F = (°C x (9/5)) + 32; °C = (°F - 32) x (5/9)

oC  OF°C—| °F oC  9F°C—| °F oC « OF °C—s oF
-73.3 -100 -148.0 | -31.1 -24 -11.2 -18.9 -2 28.4
-67.8 -90 -130.0 | -30.6 -23 9.4 -18.3 -1 30.2
-62.2 -80 -112.0 | -30.0 -22 -7.6 -17.8 0 32.0
-56.7 -70 -94.0 | -294 -11 -5.8 -17.2 1 33.8
-51.1 -60 -76.0 | -28.9 -20 -4.0 -16.7 2 35.6
-45.6 -50 -58.0 | -28.3 -19 -2.2 -16.1 3 37.4
-40.0 -40 -40.0 | -27.8 -18 -0.4 -15.6 4 39.2
-394 -39 -382 | -27.2 -17 1.4 -15.0 5 41.0
-38.9 -38 -36.4 | -26.7 -16 3.2 -14.4 6 42.8
-38.3 -37 -34.6 | -26.1 -15 5.0 -13.9 7 44.6
-37.8 -36 -32.8 | -25.6 -14 6.8 -13.3 8 46.4
-37.2 -35 -31.0 | -25.0 -13 8.6 -12.8 9 48.2
-36.7 -34 -292 | 244 -12 10.4 -122 10 50.0
-36.1 -33 -274 1 -23.9 -11 12.2 -11.7 11 51.8
-35.6 -32 -25.6 | -23.3 -10 14.0 -11.1 12 53.6
-35.0 -31 -23.8 | -22.8. -9 15.8 -10.6 13 55.4
-34.4 -30 -22.0 | 222 -8 17.6 -10.0 14 57.2
-33.9 -29 -20.2 | -21.7 -7 19.4 -9.4 15 59.0
-33.3 -28 -18.4 | -21.1 -6 21.2 -8.9 16 60.8
-32.8 -27 -16.6 | -20.6 -5 23.0 -8.3 17 62.6
-32.2 -26 -14.8 1 -20.0 -4 24.8 -7.8 18 64.4
-31.7 -25 -13.0 | -194 -3 26.6 -7.2 19 66.2
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oC « 9F°C—s| °F °oC  9F°C—s| °F °oC « OF °C—s oF
-6.7 20 68.0]1 5.6 42 107.6 17.8 64 147.2
-6.1 21 69.81 6.1 43 109.4 18.3 65 149.0
-5.6 22 71.61 6.7 44 111.2 18.9 66 150.8
-5.0 23 73.41 7.2 45 113.0 19.4 67 152.6
-4.4 24 75.21 7.8 46 114.8 20.0 68 154.4
-3.9 25 77.01 8.3 47 116.6 20.6 69 156.2
-3.3 26 78.81 8.9 48 118.4 21.1 70 158.0
-2.8 27 80.61 9.4 49 120.2 21.7 71 159.8
-2.2 28 82.41 10.0 50 122.0 22.2 72 161.6
-1.7 29 84.21 10.6 51 123.8 22.8 73 163.4
-1.1 30 86.01 11.1 52 125.6 23.3 74 165.2
-0.6 31 87.81 11.7 53 127.4 23.9 75 167.0
0.0 32 89.6| 12.2 54 129.2 24.4 76 168.8
0.6 33 91.41 12.8 55 131.0 25.0 77 170.6
1.1 34 93.21 133 56 132.8 25.6 78 172.4
1.7 35 95.01 13.9 57 134.6 26.1 79 174.2
2.2 36 96.8] 14.4 58 136.4 26.7 80 176.0
2.8 37 98.6] 15.0 59 138.2 27.2 81 177.8
3.3 38 100.4| 15.6 60 140.0 27.8 82 179.6
3.9 39 102.2] 16.1 61 141.8 28.3 &3 181.4
4.4 40 104.0) 16.7 62 143.6 28.9 84 183.2
5.0 41 105.8] 17.2 63 145.4 29.4 85 185.0
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°c | «°F°Co| °F | °c | «°Feco| °F °C —°F°C—| °F
30.0 86 | 186.8 | 45.6 114 2372 | 71.1 160 | 320.0
30.6 87 | 188.6 | 46.1 115 239.0 | 76.7 170 | 338.0
31.1 88 | 190.4 | 46.7 116 2408 | 82.2 180 | 356.0
31.7 89 [ 192.2 472 117 2426 | 87.8 190 | 374.0
32.2 90 | 194.0 | 47.8 118 244.4 | 93.3 200 | 392.0
32.8 91 195.8 | 48.3 119 246.2 | 98.9 210 | 410.0
33.3 92 | 197.6 | 48.9 120 248.0 | 104.4 220 | 428.0
33.9 93 |199.4 | 49.4 121 2498 | 110.0 230 | 446.0
34.4 94 | 201.2 | 50.0 122 251.6 | 115.6 240 | 464.0
35.0 95 |203.0 | 50.6 123 253.4 | 121.1 250 | 482.0
35.6 96 | 204.8 | 51.1 124 | 2552
36.1 97 | 206.6 | 51.7 125 257.0
36.7 98 | 208.4 | 522 126 258.8
37.2 99 [210.2 ] 52.8 127 260.6
37.8 100 |212.0 | 533 128 262.4
38.3 101 |213.8 539 129 264.2
38.9 102 | 215.6 | 54.4 130 266.0
39.4 103 | 2174 ] 55.0 131 267.8
40.0 104 | 2192 ] 556 132 269.6
40.6 105 | 221.0 | s56.1 133 271.4
41.1 106 |222.8 | 567 134 273.2
41.7 107 | 224.6 | 572 135 275.0
42.2 108 | 2264 | 57.8 136 | 276.8
42.8 109 | 2282 | 583 137 | 2786
43.3 110 | 230.0 | 589 138 | 280.4
43.9 111 |231.8 ] 59.4 139 | 282.2
44.4 112 | 233.6 | 60.0 140 | 284.0
45.0 113 | 2354 ] 65.6 150 | 302.0
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MODULE 6

EMERGENCY RESPONSE PLANNING

OBJECTIVES

Trainees will be able to:

I. List and rank the three key priorities to consider during an emergency.
2. Identify three causes of emergencies, and use a "checklist" for emergency
planning.
3. Prepare an Emergency Response Plan for the group case study.
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PREPARATION

NESPONSE

FOLLOW-UP

Notify onsite personnel
about the incitdent
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Size up the situation based
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Request aid from
outside sources
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and equipment
resources for response
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Replace oc rejuvenate damaged
or exhausted equipment
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Document the
incident

|
Y

Review and revise Site Safety
and Coatingency Plans

Emaeargency Responsa Qperations.

From: Occupational Safety and Health Guidance Manual for
Hazardous Waste Site Activities, NIOSH/OSHA/USCG/EPA, October
1985.
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SCENARIO 1

A one-ton cylinder of chlorine located near the cooling tower of Oilchem Corp. becomes
overheated, causing the relief valve to burst and release its contents. A yellow-green vapor
cloud has drifted over the hazardous waste unit and is moving towards other units. One worker
is down in the area of the cloud. You are the first person to discover the situation.

What should you do? Arrange the cards in order of the first step you should take, the second
step, and so on.
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SCENARIO 2

A large abandoned manufacturing plant/warehouse has undergone an extensive mitigative effort
to remove the hazardous wastes left on the site. Your firm, an environmental consulting
company, has handled the entire site clean-up and all that is left to do is to supervise the
hazardous waste removal, which will be done this morning. The drums are being loaded onto
the tractor trailer trucks, and the manifests are being prepared. It is during this loading operation
that your troubles begin.

While picking up drums with forklift, the operator pierces two drums with the forks of the
forklift. The drums are beginning to leak. Both of the drums contain toluene diisocyanate
(TDI). In his extreme state of excitement, the forklift operator backs his forklift off the loading
dock, where it crashes onto a pile of already staged drums. These drums similarly begin to leak.

These drums contain acetic anhydride. The forklift operator appears to be injured and can be
heard moaning.

Adjacent to leaking drums of acetic anhydride is a storm sewer. Because of the age of the
community, the storm sewers are hooked into the sanitary system. The weather is hot and
humid, a brief summer thunderstorm has just passed by. Itis 7:30 a.m. on a Friday morning.
CONGRATULATIONS! Your clean-up has now become an emergency response. Using all of
the information available to you, answer the following questions, being able to discuss and
defend all of your answers.

1. What are the particular hazards of the chemicals involved?

2. What are the potential pathways of dispersion for the spilled chemicals?

3. What problems can be anticipated if the chemicals follow these dispersion paths?

4. What level of protective clothing would the responders wear to handle the various tasks

involved with this incident?
5. What actions would you prescribe for the public?
6. What type of decontamination will be appropriate?

7. ANYTHING ELSE?
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SCENARIO 3

Your crew is excavating at the site of a former heavy equipment rental facility which has been
out of business for several months. The facility is located in the fringes of the industrial district.
There are residences and a variety of worksites in the immediate vicinity. The local agencies
have received complaints of strong odors and fumes in the vicinity of the site. A freeway passes
within a few hundred feet of the site.

The local and state regulators have contracted with you to remove an underground fuel storage
tank. Testing has indicated that the tank is leaking a petroleum product, and a chemical odor is
very evident in a drainage ditch at the rear of the property. As the work proceeded, your crew
discovered that another tank is in place near the known tank. When you returned from using a
nearby telephone to report this development to your regulators, you find that you have a major
problem on your hands.

The backhoe operator is slumped over at the controls of the machine, the bucket is in the
excavation near what appears to be a length of Romex cable. The end of the cable is arcing and
spraying sparks into the excavation. The laborer whom you hired yesterday is lying, motionless,
at the bottom of the excavation with his shovel near the arcing wire. The soil around the
exposed tank is wet, apparently due to leakage from one of the tanks. What must you do?
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CAUSES OF EMERGENCIES AT HAZARDOUS WASTE SITES

Worker-Related Causes

. Minor accidents (slips, trips, falls)

. Chemical exposure

. Medical problems (heat stress, aggravation of a pre-existing condition)

. Personal protective equipment failure (air source failure, tearing or permeation of

protection, facepiece fogging)

. Physical injury (injury from hot or flying objects, loose clothing entangling in
machinery, serious falls, accident)

Electrical (burns, shock, electrocution)

Waste-Related Causes

. Fire

. Explosion

. Leak

. Release of toxic vapors

. Reaction of incompatible chemicals
. Collapse of containers

. Discovery of radioactive materials

Environment-Related Causes
. Weather change (rain, lightning, etc.)

. Earthquake
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EMERGENCY RESPONSE PLANNING AT HAZARDOUS WASTE
SITES: WHAT'S REQUIRED?

The Hazardous Waste Operations Standards requires all employers at hazardous waste sites to develop
and implement an emergency response plan, which includes:

1.

A written plan, covering specific topics. This plan is a section of the overall Site Safety
& Health Plan.

The plan must be available for inspection and copying by all employees.

The plan must be rehearsed regularly as a part of the overall training program for site
operations.

The plan must be compatible and part of the local or regional government's emergency
plan (as required by Arizona and federal EPA community response planning laws).

There must be an alarm system at the site to notify employees of emergency situations.
The plan must be reviewed and updated to include new information.

During an emergency, the employer must evaluate the emergency and available onsite
resources, and implement the plan.

For more information, see OSHA 1910.120, paragraph (1).
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WHAT'S IN AN EMERGENCY PLAN?

Employers at hazardous waste sites must prepare a written emergency response plan which

includes:

1. Pre-emergency planning and coordination with outside agencies.

2. Job descriptions, lines of authority, and communication methods for those people
responsible for emergency response.

3. How to recognize and prevent emergencies.

4. Procedures for alerting all workers in an emergency.

5. Evacuation routes and procedures.

6. Safe distances and places of refuge.

7. Methods for providing emergency medical treatment and first aid.

8. Decontamination procedures.

9. Site security and control.

10.  Personal protective equipment and emergency equipment.

11.  Evaluation and follow-up for response actions.

12. Site topography, layout, and prevailing weather conditions.

13.  Procedures for reporting incidents to local, state, and federal agencies.
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PROMOTING SAFE, EFFECTIVE WORKER DECISION-MAKING
AND RESPONSE IN EMERGENCIES

Before assisting in an emergency response action, workers must be able to:

1 recognize that there is a hazard or incident in progress,

2 interpret the hazard or incident as a potential danger or emergency situation,
3. decide to take action, to take personal responsibility, and,

4 decide what action to take.

Emergencies result in exceptional, sudden, urgent, and demanding situations. Think of your own
workplace and consider the decision-making steps above and the potentially hazardous situations
you might face there. List below some of the obstacles to appropriate decision-making at your
workplace and list also at least one potential solution to each problem.

OBSTACLES SOLUTIONS
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EMERGENCY RESPONSE
TELEPHONE NUMBERS TO KNOW

For hazardous substance release, fire, or explosion:

U.S. COAST GUARD/DOT National Response Center

For emergency response and information after a hazardous chemical spill:

CHEMTREC

BUREAU OF EXPLOSIVES, ASSOCIATION OF
AMERICAN RAILROADS EMERGENCY NUMBER

DOT HOTLINE
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QUICK REFERENCE
ARIZONA AND FEDERAL EMERGENCY RESPONSE TELEPHONE NUMBERS

Circumstances Involving | Event Agency Unit Telephone
All Hazardous Materials Releases emergencies Arizona Department of  392-4085
(Business hours) Environmental Quality  392-4004
(ADEQ) Emergency 392-4005
Response Unit (ERU) 392-4064
(After hours) Department of Public 223-2212
Safety
Involving rail ACC 255-3316
transportation (24 Safety Division 252-4232
hours) Rail Duty Off. 252-4232
Involving pipeline (24  ACC 255-3316
hours) Pipe Duty Off. 252-4449
Hazardous Materials Release (24 hours) ADEQ ERU 257-2330

Exceeding RQs

Hazardous wastes

RCRA, UST, Superfund

Underground Storage Tanks

Radioactive Materials

Agrichemicals

Agrichemicals

All Mines

Nonemergency release,
disposal, cleanup

RCRA Hotline

Leaks

All

Other than
transportation

Laboratory

Emergencies

National Response
Center

EPA Region 9 Spill
Phone

ADEQ Compliance
Unit

EPA Headquarters
EPA Region 9

ADEQ Hazardous
Waste Compliance

ADEQ UST
Compliance

Arizona Radiation
Regulatory Agency

Arizona Department of
Agriculture - Division
of Environmental
Services

State Chemist

State Mine Inspector

1-800-424-8802

1-415-974-8131

257-2211

1-800-424-9346

1-800-231-3075

257-2342

257-6984

255-4845

542-0949

833-5442
255-5971
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STATE OF ARIZONA
HAZARDOUS MATERIALS RESPONSE AND RECOVERY PLAN

Emergency Response Directory
State, County, Federal, and Private Agencies
STATE OF ARIZONA
Arizona Corporation Commission, 1200 W. Washington, Phoenix, AZ 85007

Railroad Duty Officer (24 hours) (602) 252-4232
Pipeline Duty Officer (24 hours) (602) 252-4449

Arizona Department of Emergency and Military Affairs, 5636 E. McDowell Road, Phoenix, AZ
85008

Plans, Operations, and Military Support (602) 267-2774
Duty Officer (24 Hours) (602) 257-9078

Arizona Department of Environmental Quality, 3033 N. Central, Phoenix, AZ 85006

Emergency Response Unit (602) 257-2330
Office (24 hours) (602) 207-2381
Spill/Release Reporting (602) 257-2330

Arizona Department of Health Services, 1520 W. Adams, Phoenix, AZ 85007

State Laboratory (602) 542-1188
Pager (602) 259-2913
Division of Disease Prevention, 3008 N. 3rd Street,

Phoenix, AZ 85012 (602) 230-5808

Arizona Department of Public Safety/Highway Patrol Bureau, Special Services Division

Duty Officer, 2101 W. Encanto Boulevard,

Phoenix, AZ 85005-6638 (24 hours) (602) 223-2212
Hazardous Material Unit, 2610 S. 16th Street,
Phoenix, AZ 85034 (602) 223-2502; (24 hours) 223-2212
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Arizona Department of Transportation

Motor Vehicle Division, 1801 W. Jefferson,

Phoenix, AZ 85007 (602) 255-8152
Central Maintenance, 206 S. 17th Avenue, Rm. 176A,

Phoenix, AZ 85007 (602) 255-8278
Hazardous Materials Specialist, Safety Section, 1801 W. Jefferson,

Mail Drop 531M, Phoenix, AZ 85007 (602) 255-8133

Arizona Division of Emergency Services

Hazardous Materials Section, 5636 E. McDowell Road,

Phoenix, AZ 85008 (602) 231-6326; (24 hours) 223-2212
Title III Coordinator, 5636 E. McDowell Road,
Phoenix, AZ 85008 (602) 231-6309

Arizona Emergency Response Commission, 5636 E. McDowell Road, Phoenix, AZ 85008

Chairman (602) 231-6245; (24 hours) 223-2212
Executive Director (602) 231-6326; (24 hours) 223-2212

Arizona Game and Fish Department, 2222 W. Greenway Road,
Phoenix, AZ 85023-4399 (602) 942-3000

Arizona Industrial Commission, Division of Occupational Safety and Health, 800 W.
Washington, Phoenix, AZ 85007 (602) 542-5765

Arizona Poison and Drug Information Center, Health Sciences Center, Rm. 3204 K, 1510 N.
Campbell Avenue, Tucson, AZ 85724 (24 hours) 1-800-362-0101

Arizona Radiation Regulatory Agency, 4814 S. 40th Street,
Phoenix, AZ 85040 (602) 255-4845; (24 hours) 223-2212

Arizona State Fire Safety Committee, 701 E. Jefferson, Suite 200,
Phoenix, AZ 85034 (602) 255-4072

Arizona State Land Department, Fire Suppression, 1616 W. Adams, Rm. 329,
Phoenix, AZ 85007 (24 hours) (602) 542-4052
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Attorney General's Office, 1275 W. Washington, Phoenix, AZ 85007
Civil Division
Environmental Crimes Section
24 Hours

Arizona Department of Agriculture - Division of Environmental
Services

Office of the State Chemist

Agricultural Chemical and Environmental Services Division,
1688 W. Adams, Phoenix, AZ 85007

Office of the State Marshall, 701 E. Jefferson, Suite 200,
Phoenix, AZ 85034

(602) 542-1610
(602) 542-4853
(602) 227-0476

(602) 542-0949

(602) 833-5442

(602) 542-4373

(602) 255-4072

Office of the State Mine Inspector, 1616 W. Adams, Suite 411, Phoenix, AZ 85007-2627

Mine Emergencies (a recording will indicate a referral
number after hours)

COUNTY

Apache County Emergency Planning Committee, P.O. Box 238,
St. Johns, AZ 85936

Cochise County Emergency Planning Committee, P.O. Box 696,
Bisbee, AZ 85603

Coconino County Emergency Planning Committee, C/O Arizona

Emergency Response Commission, 5636 E. McDowell Rd.,
Phoenix, AZ 85008

Gila County Emergency Planning Committee, 1400 E. Ash St.,
Globe, AZ 85501

Graham County Emergency Planning Committee, 800 Main St.,
Safford, AZ 85546

Greenlee County Emergency Planning Committee, Box 908,
Clifton, AZ 85533
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La Paz County Emergency Planning Committee, Rt. 2, Box 721,
Parker, AZ 85344

Maricopa County Emergency Planning Committee, 2035 N. 52nd St.,
Phoenix, AZ 85008

Mohave County Emergency Planning Committee, P.O. Box 390,
Kingman, AZ 86401

Navajo County Emergency Planning Committee, P.O. Box 668,
Holbrook, AZ 86025

Pima County Emergency Planning Committee, 2545 E. Ajo Way,
Tucson, AZ 85713-6296

Pinal County Emergency Planning Committee, P.O. Box 827
Florence, AZ 85232

Santa Cruz County Emergency Planning Committee, P.O. Box 1150,
Nogales, AZ 85621

Yavapai County Emergency Planning Committee, C/O Yavapai
County Emergency Services, Courthouse Plaza,

Prescott, AZ 86301

Yuma County Emergency Planning Committee, 298 W. 4th St.,
Yuma, AZ 85364

FEDERAL

National Response Center, 2100 Second St., S.W.,
Washington, D.C. 20593-0001

National Weather Service, 2633 E. Buckeye Rd.,

(602) 667-3321

(24 hrs) (602) 273-1411

(602) 753-0725

(602) 524-3366

(602) 624-2379

(602) 868-5801

(602) 287-6321

(602) 445-7450 ext. 121

(602) 783-1271 ext. 261

(24 hrs) (800) 424-8802

Phoenix, AZ 85034 (24 hrs) (602) 379-3599 or 379-3596

U.S. Department of Energy, Radiological Operations Center,
P.O. Box 5400, Albuquerque, NM 87115

U.S. Environmental Protection Agency, Region XI,
215 Fremont St., San Francisco, CA 94015
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U.S. Environmental Protection Agency, ATTN: Toxic
Chemical Release Inventory, P.O. Box 70266,
Washington, D.C. 20024-0266

U.S. Nuclear Regulatory Commission Headquarters,
Washington, D.C. 20555

PRIVATE SECTOR

Association of American Railroads, Bureau of Explosives,
1920 L St., N.W., Washington, D.C. 20036

Chemical Referral Center, C/O Chemical Manufacturers
Association, 2501 M St., N.W., Washington, D.C. 20037

CHEMTREC, 2501 M St., N.W., Washington, D.C. 20037

Hydrogen Fluoride Emergency Plan
Hydrogen Cyanide Emergency Plan
Chlorine Emergency Plan
Phosphorus Emergency Plan

LPG Emergency Plan

CHRIS

Pesticide Safety Team Network

International Bird Rescue, Aquatic Park,
Berkeley, CA 94710

Southern Pacific Transportation Company, 400 E. Toole
Ave., Tucson, AZ 85701 - Dispatcher

The Atchison, Topeka, and Santa Fe Railroad

Dispatcher
Winslow, AZ
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CHECKLIST — PLANNING FOR EMERGENCIES3

1. Has a Contingency Analysis been conducted to determine what emergencies might arise?
2. Have emergency plans and procedures been developed for potentially catastrophic events
such as:
a. Fires?
b. Blasts and explosions?
c. Leaks and spills?
d. Extreme weather?
e. Floods?
f. Earthquakes?
3. Do these plans provide for procedures for extinguishing different types of fires which

might occur in the plant?

4. Do these plans have adequate evacuation and recovery procedures for each type of
emergency?
5. Have responsibilities been assigned in the plan to specific personnel to direct operations

to counter emergencies? Are these persons aware of their responsibilities? Are they
qualified to lead in the necessary actions which might be required?

6. Are emergency crews qualified, designated, and on station?

7. Are different communication channels assigned to support emergency operations?

8. Are there plans to evacuate personnel from each work area in the event of emergencies?
0. Are evacuation route and warning signals information posted in each work area? Are the

evacuation routes and exits marked?

10.  Are the emergency plans and procedures posted in prominent areas?

3Source: Occupational Safety, Management, & Engineering, W. Hammer, 3rd Ed., Prentice
Hall, Inc., Englewood Cliffs, NJ (1985).
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Have personnel received training in emergency procedures:

Workers?

Supervisory personnel?
Firefighters?

Medical personnel?
Communications personnel?

oo o

Are there drills on simulated emergencies being conducted periodically for personnel?

Is there a procedure to ensure that all personnel have been alerted to the emergency and
those who will not combat it have been evacuated?

Are the egress provisions adequate (i.e., doors, stairways, elevators) for the evacuation in
the event of an emergency?

Do all doors open in the proper direction to facilitate egress of personnel in emergencies?

Are there procedures to preclude obstructions to personnel or equipment in critical
evacuation or emergency equipment access routes or areas?

Can egress routes from work areas be followed by personnel in the dark or in smoke?

Is the emergency equipment called out in the emergency procedures available at the
facility, and is it operational? Can the equipment be reached easily if an emergency
occurs?

Are warning systems installed (sirens, loudspeakers, etc.) and are they tested
periodically? Area all personnel familiar with the meanings of warning signals and
required action to be taken?

Is there a fire detection system at each facility? Are fire extinguishers sized, located, and
of the types required by OSHA standards, and are they suitable for the types of fires

which might occur?

Is there firefighting equipment located near flammables or hazardous areas?
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RESPONSE EQUIPMENT

The following list of equipment encompasses the entire range available for responding to
incidents involving hazardous substances. Not all of this equipment may be needed on any given
incident. The various categories of response equipment are:

Communication Gear

Handheld radios

Personnel Clothing and Equipment

See Schedule A
Field Equipment

Combustible gas indicator

HNu photoionizer

Century Systems Organic Vapor Analyzer (OVA)
Oxygen meters

Colorimetric indicator tubes

Specific gas detectors

Radiation detector

Metal detector

Pressure-demand, self-contained breathing apparatus with extra air cylinders
Full-face, air-purifying respirators with appropriate canisters
Fit-testing kit

Photographic equipment

Film badges

Dosimeters

Organic vapor badges

First aid kit (see Schedule B)

Hand tool kit (see Schedule C)

Reference materials (see Schedule D)

Field support kit (see Schedule E)

Soil sampling set (see Schedule F)

Water sampling set (see Schedule G)

Air sampling set (see Schedule H)

Other field equipment (see Schedule I)
Emergency oxygen inhalator

Portable wash unit

Fire extinguisher
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Miscellaneous Items
See Schedule J

SCHEDULE A: PERSONNEL CLOTHING AND EQUIPMENT

Fully encapsulating suit
Chemical-resistant splash suit
Chemical-resistant, steel-shank and toe boots
Safety work boots, leather

Work gloves

Rain suit

Windbreaker

Medium-weight jacket

Appropriate winter clothing
Coveralls (work)

Coveralls (Nomex)

Uniform pants and shirts

Socks (regular)

Socks (heavy)

Underclothes

Earplugs

Clipboard

Hardhat with and without face shield
Hardhat for cold weather

Safety goggles, soft sides for full eye protection
Safety glasses

SCHEDULE B: FIRST AID KIT
A medical first aid kit consisting of:

First aid guide
Aspirin

Pain aid

Cold tablets
EEZ lozenges
Trail antacid
Gelusil tablets
Ex-Lax

Syrup of Ipecac
Vasoline
Antibiotic ointment
Insect repellent
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SCHEDULE B: FIRST AID KIT (cont.)
Sting relief
Chigger/tick remover
Poison ivy treatment
Snake bite kit
Ammonia inhalants
Blood clotter
Tourniquet
Ice pack
Ice pack (large)
Salt tablets
Scissors
Forceps (Dumont 5")
Tweezers
Cotton swabs
Clean wipe alcohol swabs
Antiseptic swabs
Antiseptic spray
Burn septic spray
Spray-on bandage
Eye drops
Eye/skin neutralizer
Eye wash
Adhesive tape
Cohesive tape
Telfa sterile pads
Bandaids
Curad bandage (2%4"X3'%")
Fingertip bandages
Knuckle bandages
Elastic strip bandage
Triangle bandage
Carlisle compress dressing
Gauze bandage (1"X18")
Gauze bandage (2"X12")
Gauze bandage (3"X3")
Gauze bandage (2"X2")
Litter
Butterfly closure (medium)
Finger splint
Blanket
Powdered charcoal
Traction splints (arm and leg)

Module 6-21



SCHEDULE C: HAND TOOL KIT
Wood mallet
Rubber mallet
Ball peen hammer
Claw hammer
Hand hammer (nonsparking, 2 doubleface, beryllium-copper)
Hacksaw
Lumberjack's knife
Duckbill snips (12")
Rod and bolt cutter (24")
Diagonal cutting pliers (8")
Lineman's pliers (8")
Slipjoint pliers (8")
Locking plier wrench (10")
Pipe wrench (nonsparking)
Wrench set (combination)
Screwdrivers (5 slotted, 4 phillips)
Heavy-duty stapler and staples
Pressure gauge
Lock-type measure tape
Winding reel tape
Electrical tape
Strapping tape
Duct tape

SCHEDULE D: REFERENCE MATERIALS

NFPA Guide on Hazardous Materials

CHRIS Condensed Guide to Chemical Hazards

Sax Dangerous Properties of Industrial Materials

Toxic and Hazardous Industrial Chemical Safety Manual

Matheson Gas Data Book

NIOSH/OSHA Pocket Guide to Chemical Substances

TLVs for Chemical Substances and Physical Agents in the Work Environment

SCHEDULE E: FIELD SUPPORT KIT

Binoculars (7X25mm wide angle) (2)
Rangefinder (2)

Spotting scope

Stereoscopes

Compass (2)

Hand level (2)
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SCHEDULE E: FIELD SUPPORT KIT (cont.)

Hand calculator (2)
Cassette recorder (1-hr tape)

SCHEDULE F: SOIL SAMPLING SET
Soil auger (cork screw, tube)
Auger extensions
Power head (electric)
Soil sample tubes (1'2"X5/8")
Replacement tips for tube samplers (regular)
Wet, heavy-duty tips
Scoops for bottom sediments
Stainless steel pipe section 2" 10/taper on penetrating end)
Electrical resistivity apparatus
Labels
Logbook for soil profile
Stainless steel spoons
Post hole digger
Pickax
Shovel
Stainless steel pans

SCHEDULE G: WATER SAMPLING SET

Weighed battle sampler

Pond sampler

Glass and polyethylene containers
Scoops and dippers

Suction devices (hand pumps)
Water level indicator

Cased thermometers/thermistors
Teflon bailer

Dissolved oxygen meter
Conductivity meter with 50 ft cord

SCHEDULE H: AIR SAMPLING SET

Colorimetric indicator tubes and preweighed filters
Hi-vol sampler

Impinger tubes

Carbon adsorption tubes

Particulate samplers
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SCHEDULE H: AIR SAMPLING SET (cont.)

Wind direction indicator
Wind speed indicator
Barometric pressure indicator
Temperature indicator

SCHEDULE I: OTHER FIELD EQUIPMENT
1 Rope (300", polypropylene, 16 1b)
1 Heavy duty tow chain (15")
1 Heavy duty extension cord (100")
1 Garden hose (50' 5/8" 10)
4 Scrub brushes
4 Plastic buckets
1 Large logbook
2 Safety flares (vehicle use)
2 Rechargeable lanterns
1 Wrecking bar (nonsparking 30" X 3/4")
2 Spud bars
2 Sledge hammers (4 1b)
2 Shovels (0 handle, square point, nonsparking)
2 Shovels (0 handle, round point, nonsparking)
2 Shovels (long handle, round point, nonsparking)
5 Buna N gloves
5 Jasper work gloves
5 PVC disposable gloves
5 Neoprene gloves
5 Solvex gloves
5 Natural rubber gloves
5 PVC disposable boots
5 Life vests
5 Hip/chest waders
5 Rainsuits

SCHEDULE J: MISCELLANEOUS ITEMS

Redwood plugs (various sizes)

Valve packing

Revere miracle seal (synthetic rubber)
Nylon wire

Paper clips and alligator clips
Magnetic hangers

Rubber bands
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SCHEDULE J: MISCELLANEOUS ITEMS (cont.)

Paper and note pads

Pens, pencils, markers

Clipboards

Kimwipes

Kleenex

Detergent (large)

Plastic drop sheet

Black spray paint

Yellow spray paint

Green marking tape (perimeter)
Color coding DOT security tags (red, yellow, green)
Restricted Area signs

Rubber tarp tiedown straps

Electric power outlet strip (8 outlets)
Airtight container for sample storage
Clean water supply

Antifog solution
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SPILL CONTROL

MODULE 7
OBJECTIVES
Participants will be able to:
. Identify two key methods for controlling spills, ie. Confinement and
Containment
. Identify three general techniques used for confinement
. Identify methods to contain leaks in non-pressurized and pressurized
containers
. Identify methods to contain liquid spills

This module will deal with the methods to control spills of hazardous materials by the use of
CONFINEMENT and CONTAINMENT techniques. The need to perform either of these
techniques and the various methods associated with each of them will depend upon both the
nature and severity of the spill.

CONFINEMENT:

In general confinement techniques are those actions necessary to CONFINE a product release
to a limited area ie. to prevent it from spreading beyond a specified boundary. These actions
usually take place in areas remote from the actual point of release and therefore they can be
regarded as defensive in nature. The advantages of this procedure are:

1 Direct personnel exposure to the hazardous substance can normally be avoided or
minimized.
2) The operation can often be carried out with a minimum of PPE.

A3) Specialized control equipment to deal with the source of the hazard may not be
required.

“4) The operations can usually be carried out with a minimum of supervision.
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CONFINEMENT METHODS:

1. Diversion
Controlling the flow of the material to an area where it will be less harmful.

2. Diking
Constructing a barrier to prevent material from flowing to an area where it will be
more harmful. (Note: This should only be a temporary measure.)

3. Retention
Temporary containment of the material in an area where it can be treated for
proper disposal, such as with the use of absorbents or neutralizing chemicals.

"The decision to use diversion, diking or retention tactics is based on the availability of
time, personnel, equipment, and supplies. It also should be made with a review of the
potential harmful effects of the leaking material downhill and downwind of the spill.

For example, a decision to divert a flowing diesel fuel spill from a storm drain to a roadside
ditch may be based on the observation that the fuel is flowing too fast, and sufficient
personnel and equipment are not available to construct a dike. Finally, the fuel will cause
substantially less environmental damage in the ditch than in the storm system.

Diversion can begin immediately upon the arrival of the ERP unit. Diking can e started
with basic first-responder equipment as more ERP arrive. Retention techniques will then
follow as specialty teams and equipment become available.

Don't make the mistake of concentrating all resources on one tactic. It is easy to assign all
ERP to the construction of a dike, for example, which may fail and force everyone to move
to a safer location to begin again."*

1. Diversion Techniques

"A flowing, land-based spill can quickly be diverted by placing a barrier, normally dirt,
ahead of the spill. As when fighting a fast moving brush fire, the barrier should be placed
well ahead of the actual spill. This may well mean sacrificing some intermediate territory
to the hazmat in order to establish complete control at the final diversion site.

* Reprinted with permission. All rights reserved. "HAZARDOUS MATERIALS:
Managing the Incident.” Noll, Hildebrand, Yvorra. 1988 Peake Productions, Inc. Pg. 158.
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Constructing a diversion barrier requires teamwork. When a team with the right
equipment works quickly, a large area can be rapidly controlled. A typical four-person
crew can build a twenty yard by eight inch diversion wall in about 10 minutes, if the proper
materials are available.’

Diking Techniques

"Dikes are effective when they can be built quickly and can contain about 90 percent of the
hazmat. Although any available material will do the job, the best quickly acquired supplies
are dirt, tree limbs, boards, roof ladders, pike poles, and salvage covers. Bagged materials
such as tree bark, sang, and Kitty litter can be found at hardware and garden supply stores
when more substantial control is required. However, when really large spills occur, dump
truck-sized deliveries will be required.

Dikes will usually be constructed by first responders using whatever equipment is available
on the scene. When you are considering building a containment dike, quickly compare
your resources to the quantity of the spilled material. Most ERP overestimate the amount
of spill and underestimate the personnel required to complete a dike.

Slow-moving or heavy materials should be confined by use of a circle dike. Faster moving
products will require a "V" shaped dike located in the best available low-lying area.

Dike construction should begin by choosing large materials for reinforcement, followed by
an outer layer of lighter material such as dirt. Plactis or salvage covers can then be draped
over the entire dike and a final seam of dirt paced along the leading edge between the
plastic and the ground as shown in Figure 10-2.

Factors which limit dike construction include situations where:
. The surrounding area is concrete or asphalt with no available soil--Either
sacrifice the area for better turf or truck in necessary materials.

. The ground is frozen--Snow may be used in conjunction with materials such
as plastic and ladders. Otherwise, truck in necessary materials.
. Essential equipment is unavailable--At least three, pointed shovels are

necessary. When possible, construct dikes upwind in safe areas. Be sure to
consider the need for SCBA."®

® Noll, et. al. 1988. Pg. 158.

5 Noll, et. al. 1988. Pg. 159-160
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I

FIGURE 10-4: AN EFFECTIVE DIKING TECHNIQUE )
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Retention Techniques

"Sometimes retention techniques can be implemented independently of diversion or diking
to act as a back-up to the other methods. Storm systems can be protected by placing

salvage covers or plastic over drains and covering them with dirt. The same procedure can
be used for sewer system manways.

When the hazmat is primarily liquid or slurry, has a specific gravity less than water, and is
not water reactive, it may be possible to flood the retention area with water from an engine

or hydrant. The hazmat will then float on the water. Any subsequent leakage into the
n7

storm system would then be water.
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” Noll, et. al. 1988. Pg. 160

Module 7-5



CONTAINMENT:

In general CONTAINMENT actions are those operations designed to contain the product in it's
original container and also to prevent the spread of the hazardous material in the area at or close
to the source of the release. This will normally require entering the Hot Zone and performing
actions which are offensive in nature. They would therefor require the use of PPE and the
application of Hazardous entry procedures where specially trained personnel would be required.

"Although containment operations may pose higher risks, they may be necessary to:

. Minimize environmental damage--This is particularly true for hazardous liquids
which threaten storm systems or water supplies.

. Reduce operating time--Leaks confined to the area immediately around the
container usually limit the spread of material and the need for evacuation,

particularly when faced with a gas or toxic chemical.

. Reduce clean-up costs--Contaminants are usually limited to small areas or have not
entered ground or surface waters.

Situations well-suited for aggressive offensive operations include when:
1. The hazmat is in a gaseous form and threatens to migrate away from its container.

2. The hazmat is in a solid, powder form and weather conditions threaten to carry it
from its original site.

3. When defensive options have been attempted but have not produced the desired
results.
4. The situation is getting worse and increasing in risk, as time progresses.

Successful offensive operations should be preceded by a thorough reconnaissance. Recon may be as
simple as having a trustworthy individual relay his observations or as complex as a complete entry
team survey which documents the entire work site with a video camera.

No emergency situation is worth taking unreasonable risks. Rapid withdrawal from the Hot Zone is
always an option. Aggressive/offensive does not mean quick and stupid.

Leak control tactics are simple. Plug the hole and the leak will slow or stop. Likewise, moving the
container to place the hole above the liquid or solid level minimizes the hazmat release.

The same applies for hazmats which may be going from a liquid to a vapor state. For example, a

leaking one-ton chlorine container has two valves. One is usually above and one below the liquid
chlorine. When the leaking valve is on the bottom, chlorine escapes
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in liquid form and expands 800 times to become a gas. Rotating the cylinder 180° places the
defective valve above the liquid, which then significantly reduces the size of the leak. Simply
standing up a drum may be sufficient to control the leak. Use the designed openings, close the
valves, tighten the caps, or replace the lids.

When these common-sense techniques aren't effective, try to:

Plug or patch the opening. (Control it at the source.)

Lower the container pressure. (Limit its magnitude.)

Use vapor suppression agents such as foam. (Limit its vaporization.)
Neutralize using another chemical.

Control the leak and dispose in place."®

CONTAINMENT METHODS

Methods of Plugging and Patching Non Pressurized Containers
Special Kits for Pressurized Vessels
Absorbants

Neutralizing Chemicals and Foams

Depending upon the nature of the material released and the source of the release, the following
methods are generally used:

PLUGGING AND PATCHING

"Simple homemade or hardware store-bought equipment can control most hazmat
container leaks. For example, a small hole in a tank truck can sometimes be plugged by
driving a wooden wedge into the opening with a rubber mallet.

Plugs and patches can be fabricated on the scene, but you can save a great deal of time by
manufacturing a variety of devices before the fact and carrying them on response vehicles.
Preplan potential container leaks and confer with other ERP to determine what works.

® Noll, et. al. 1988. Pg. 162-163.
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Plugging techniques are usually used in conjunction with synthetic rubber gaskets or
special chemical resistant putty to ensure a good seal by filling the cracks around the plug.
Small holes (less than one inch in diameter) which are not under pressure can be filled with
putty or epoxy resin compounds. The longevity of these compounds is limited due to
material compatibility, the hole size, and the head pressure of the container. These should
be viewed as only temporary first aid techniques.

When the container has a large gash or hole in its side, it can sometimes be patched with
sheet metal in conjunction with a gasket or other compatible materials. In these cases, the
hazmat will probably have leaked to below the level of the opening before ERP arrive
Patching can reduce vaporization and minimize the spill area. It may also be necessary
when the container must be moved to allow access to valves or other loading points.

To properly organize a patching operation:

1. Select a patch/device half a size larger than the estimated opening. Smaller devices
may be drawn inside the container as attachments such as nuts and bolts are
tightened.

2. Select a device that is compatible with the hazmat.

3. Plan the work with SCBA operating times in mind. Several trips may be required.

Overlap work crews so that one is always working, one crew is ready to step in, and
the third is reservicing.

4., Brief personnel on the tools required to complete the job. The more complicated
the job, the more extensive the briefing. It's easy to forget tools when crews are
under pressure. Forgetting one tool may add an hour to the operation since
decongtamination is required for the entry team member who makes the second
trip."

SPECIAL KITS FOR PRESSURIZED CONTAINERS

Patching and Capping Leaking Containers

Introduction

The most common source of leaking tank cars or trucks is from the dome and bottom outlet
valves. In many cases, it is only necessary to tighten a valve or fitting, but if this does not
work, capping or plugging is probably necessary. Before capping is attempted, the
particular part of the dome or valve system must be identified to locate the leak.

It is possible to contain some leaks temporarily by capping or patching. This will depend

on the position and condition of the leaking container, the risk to those working on or
around the container(s) and the availability of equipment and also if the leaking containers

° Noll, et. al. 1988. Pg. 163-164.
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are exposed to certain weather conditions. Capping pressurized containers require the use
of specialized kits and materials. In special situations, some plugs can be used on
pressurized containers; however, as a general rule, plugs, patches, or seals are used in cases
involving little or no pressure.

Capping Leaking Containers

To cap a leaking valve or fitting effectively, the kit matching the leaking container must be
used, the container must be in a position suitable for capping, and the cap must be applied
properly and securely to insure a tight liquid and vapor seal. There are some limitations to
capping to be considered:

a. Limited pressure capacity - cap may not be able to withstand container pressure,
therefore the time the cap will be useful is shortened.

b. corrosion of capping material - the product may corrode or otherwise react with the
capping material causing it to fail in turn causing a bigger problem.

c. open valve cover - on railroad tank cars the valve housing cover must remain open
once the cap is applied, which may lead to a problem moving the car.

d. gasket size, shape and material composition - the gasket material must be the
proper size and able to withstand contact with the leaking product.

Patching L.eaking Containers

Two basic guidelines must be followed for capping. First, capping requires not less than
two (2) people and more depending upon the container's position. Second, caps must be
vented while they are being installed to ensure a tight vapor seal around the gasket.

Patches, plugs, and seals are relatively simple to apply, but still care should be taken to
ensure the patching material will not deteriorate rapidly when it comes in contact with the
leaking material. The type of container and its construction must be taken into
consideration Insulated containers may disguise the actual leak location or the insulation
material may not allow a good fit for the patch or plug. High pressure containers may blow
out typical plugging devices.
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Other considerations include the location and type of leak, the way the patch or plug will be
held in place, and the final disposal of the container. A jagged tear may be more difficult to
plug than a gauge or puncture. Leaks along seams frequently require more attention in
order to get a good seal. In many cases the area around the leak should be cleaned to
remove any paint, rust, grease, or other foreign materials that might interfere with the
sealing ability of certain patches, plugs or sealants. Insulation material may have to be
removed. Certain plugs wedge themselves well into the leaking opening, while other
patching devices require straps or bands.

One system has an inflatable leak seal bandage which relies on straps to hold it in place
over the leak. Plumbers plugs of various sizes expand to form a very effective seal when the
plug is tightened. Boiler plugs, metal screws with gasket material, toggle bolts/rubber
plugs, wood wedges, and tapered wood plugs all serve as an effective patching and plugging
devices.

The final disposal of the container should not be overlooked. the patch or seal must be able
to withstand the action of the product inside and the handling of the container until the

material is transferred to another container.

Reference: Kits List

TABLE 1

EXPANDED DRUM REPAIR KIT (5 Gal to 85 gal)

scissors
paint scrapers (1-1/4"w H.D. chisel nose + 2-1/2" or 3"w
channel lock pliers
tin snips
wire brush
nylon brush
utility knives with blades
putty knives
screwdrivers (6" and 10")
8" crescent wrenches
combination square
ball peen hammers (2 oz and 8 0z)
pack lead wool
hacksaw with blades
rubber vulcanizing plug kit
assorted wooden plugs
* plastic steel kits
rolls duct tape
drum clamps
assorted sandpaper
assorted ss sheet metal screws, toggle bolts, etc.

* %
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pack of felt & cloth
saw

DO b

* rolls surveyor tape

assorted patches (ss sheet metal, niton, neoprene, TFE)

pack of wood (1'""x2", 12" long use for packer)

TABLE 2 PLUG KIT

[y

small plastic bucket

assorted tapered wooden plugs
tapered rubber plug

14" plumber's plug

2" plumber's plug

2" emerg. pipe & bore test plugs

3/4" female emerg. pipe & bore test plugs
1%4:" female emerg. pipe & bore test plugs
14" female emerg. pipe & bore test plugs
2" female emerg. pipe & bore test plugs

3" plumber's plug
4" plumber's plug
5" plumber's plug
6" plumber's plug

S I S T S i R R

TABLE 3

2 - wire brushes

1 - hand brush

1 - dust brush

4 - rail routing boards
4 - 1" ball valves

TABLE 4

assorted packing
2 - rolls duct tape
1 - roll masking tape
4 - clevis 7/16"
6 - swivel hooks
1-3/8" drill

3/4" emerg. pipe & bore test plugs
1%" emerg. pipe & bore test plugs
14" emerg. pipe & bore test plugs

4" pump & test plug

2" plumber's plug (capped)
4" plumber's plug (capped)
8" plumber's plug (capped)
3/8" ball valves (stainless steel)
2" ball valves (steel)

NN = m NN NN

EMERGENCY & DISASTER KIT BOX #6
VALVES & FITTINGS KIT

3-1" -3/8 brass reducer

4 - 1/8" stainless steel 90° fittings
3 - bushing 3/8" x %4"

1 - elbow 45° comp. fitting 2"

2 - elbow 45° comp. fitting 1%"

EMERGENCY & DISASTER KIT BOX #2
PACKING/SEALANT KIT

2 - rolls joint sealant

3 - rolls electrical tape

4 - packaged safety discs
1 - lead sheet

1 - bicycle pump

2 - packing puller

Module 7-11



TECHNIQUES FOR PATCHING AND STABILIZING LEAKING CONTAINERS

-+ Combinations of square, conical, and
wedqe-shaped wooden plugs
{Wrap plugs with feit or cloth

befors inserting)

Orive cakum, mastic, or cloth into
crack with wedqe

Heavy duty duct tape makss 3 good

_ INNER TUSE temporary sssal in mln.v casal

CRACK

A broad inner tube placad over the
crack in a drum can be tightenad
with & rod or stick to form a

fairly good sasi
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Smail Simple Puncture

Rubber ball/ toggie bolt with
washer and wing nut

Soft wooden plug with
fait padding
{Recommend soft squars
stock sharpened to point,
rather than hard doweli rod)

@+ - Chemical patch

(Not for pressure)
@ Seif-tapping screw with
washer or gaskat

Insolubie mastic or putty

(Not for patching pressure leak:

-~ — -
ettt
/ \__—/

\_’/

Larger lrregular Hole

Rubber ball/ tcqgie bolt with
washer and wing nut

/ PLATE
COMPRESSION WASHER

cmtnr— N U T
S GASKET BACKING FQAR POSITIVE SE4

If hole is too large for ball and
toggle bolt, use prefabricated
all-thread T-doit and plate patch

+-’c(
4oy

Chemical patch
(Not for pressure}
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} PLUG HMCLES

\ \
\ \\ e THIN METAL SHEETING

\

\ WING NUT

CONCENTRIC WASKHERS

GASKET BACKING

Holes may be drilled at both ends A small diameter ail-thread T-dolt
of 3 crack and plugged to prevent assembly, with thin, pliable metal
further extension and expansion sheeting and concantric washers can
of cracks be inssrted slong the middie of the
(Useful in handling cracks in crack :

metat plates)

Strap (ron ““BandAid” with T-bolts

RELIEF PIPE WlTﬁLVALVI 80LT HOLES
..\O o o

e RELIEE PIPE WITH VALVE
(sltows soplicstion
under same pressurs}

STRAP IRON \

-~
Pregurved or flexibile
nauen 10 fit curve of \
vesel GASKET MATERIAL

‘T-00LTS

Cloth Wrapped Wedge

Larger Cracks

CLOTH WRAPPING

_ Larger cracks can aiso be plugged
- 10 some extant with a combination
of fait or cloth-wrapped wedges
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Other useful patching equipmaent includes:

2.

Pop-Rivet Taol

Tubeless Tirs Plug Patch Kit

Assorted Rubber Patches, Camant, and Gasket Material

. Assarted Q-rings, Washaers, and Nuts

@‘@

Various Tapes - Duct Tape, Teflon Tipo. Electrician’s Tape, ste.
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Pressure Reduction

""Many hazmat containers are designed to store their contents under pressure. Cylinders, process
vessels, specific tank trucks, rail cars, and pipelines are examples. It is also possible for non
pressurized containers to become abnormally pressurized because of internal chemical reactions,
external fires, or accidentally diverted pressure.

Pressurized containers are dangerous because:

. They can rupture under stress and travel great distances as fragments or in one piece. This
happens quickly and does not allow any reaction time.

. Pressure Kkills quickly. ERP cannot usually determine the operating pressure of a given
container without close inspection. High pressure can propel valve caps, cut protective clothing, or
sever SCBA air lines. Ultra high pressures (5,000 to 15,000 psi) can penetrate the skin and cause
an air embolism which will be followed by death within minutes.

. Cryogenic pressurized containers are stored at temperatures below -150°F. Cryogenics can
freeze tissue and damage protective clothing.

Many pressure leaks are located in and around the valves used for filling and discharging product.
Most valves can be closed by turning the valve wheel clock wise, unless it is damaged. There are
exceptions to this design.

Leaks from an in-service container may also be found in the associated piping. The leak usually
stops when the supply valve is closed. If the leak continues after the valve is closed, tighten down
the connected tubing until the leak stops or try tightening the packing nut on the valve.

Some pressurized vessels are charged by an independent source such as a pumping system or
compressor. the magnitude of the leak can be reduced significantly when the pump pressure is
lowered or shut down entirely. Experts familiar with the system must be consulted before any
shut-down operations begin since a single change in the system may over-pressurize other vessels.
Lack of pressure may also produce unstable chemical reactions.

Product specialists and engineers should also be contacted whenever ERPs face large or complex
vessels. Simply shutting down general power to pressure systems may ruin chemical batch
processing equipment, cause dangerous pressure build-ups in other locations, and disable critical
safety devices. In some cases, safety systems can kick in and dump hazardous materials to
neutralizing scrubbers, flares, or exhaust systems.

The nature of some hazmats and their containment systems makes them vulnerable to external
heating. A Liquified Petroleum Gas container may be heated by a fire and spring a leak through
one of its safety attachments. As the heatis transmitted internally, the container pressure increases
proportionately. Eventually the LP gas will escape to the outside atmosphere through one of its
attachments, or it will fail violently.

Effectively placed hose streams can lower the pressure in most small containers (e.g., cylinders),
however, the risk associated with advancing hose lines or monitors can exceed the possible benefits.
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CAUTION: Any decision to approach a burning LP gas container showing direct flame
impingement on its vapor space must be made on a case-by-case basis after a hazard and risk
assessment. Large LP gas containers (8,000 to 29,000 gallons) have ruptured and traveled up to
one-half mile, even with functioning relief valves. These containers can fail within 10 to 20 minutes
of direct flame impingement or days after a fire has been extinguished, e.g., during wreck-clearing
operations.""’

"CHLORINE INSTITUTE EMERGENCY KIT 'A' FOR 100 LB.
& 150 LB. CHLORINE CYLINDERS"

1. General
1.1 Introduction

The Chlorine Institute Emergency Kit'A' is designed for use with the standard DOT 3A480
cylinder for 100 and 150 pound capacity in chlorine service only. These cylinders have
outside diameters between 8-1/4 and 10-3/4 inches and overall height from 39-1/2 to 59
inches. The kit is not designed to be used on liquid full cylinders. (See Section 8 for other
kit limitations.)

1.2 Kit Contents

The Chlorine Institute Emergency Kit 'A' contains devices to stop leaks at valves and
fusible plugs, and in the sidewalls of cylinders. This kit does not contain respiratory
equipment which must always be worn when investigating and correcting chlorine leaks.
The kit, packed in a steel box measuring 10" x 10" x 27", weighs approximately 122
pounds.

1.3 Kit Maintenance

For kit maintenance, see SECTION 7

' Noll, et. al. 1988. Pgs. 164-166.

8 This section reprinted with permission. All rights reserved. "CHLORINE

INSTITUTE EMERGENCY KIT 'A' FOR 100 LB. & 150 LB. CHLORINE CYLINDERS".
© 1986 The Chlorine Institute, Inc.
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1.4

1.5

1.6

1.7

1.8

1.9

1.10

Emergency Training

Training in the use of the kit and respiratory equipment is recommended. Teaching aids
consisting of slides with accompanying script are available from the Institute.

Tank Inspection

Daily inspection of loaded chlorine cylinders is recommended, whether or not they are
connected to unloading lines. Through these means a leak usually can be detected in an
early stage when it can be stopped readily by applying appropriate remedies.

Leak Detection

As soon as there is any indication of the presence of chlorine in the air, authorized, trained
personnel equipped with suitable respiratory equipment should investigate promptly. All
other persons should be kept away from the affected area. The location of a leak in a
chlorine containing system can usually be detected by the reaction of ammonia vapor with
the escaping chlorine. The reaction is a dense white cloud. The most convenient way to use
ammonia for this purpose is to direct the vapor from a plastic squeeze bottle containing
aqua ammonia at the suspected leak. Do not squirt liquid aqua ammonia on pipe and
fittings. Any efforts to detect the source of a leak should be carried out with full
consideration for potential hazards.

Assistance

promptly notify your chlorine supplier. If the supplier cannot be reached, then summon
help by activating CHLOREP, the CHLORine Emergency Plan, by utilizing the proper
telephone number in the U.S. or Canada.

Reproduction

The contents of this instruction booklet are not to be copied for publication, in whole or in
part, without prior Institute permission.

Approval

The Institute's CHLOREP Committee approved the Sixth Edition of this kit instruction
booklet at a meeting held on February 6, 1986.

Revisions

Suggestions for revisions of the kit or the kit instruction booklet should be directed to the
Secretary of the Institute.
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2. Identifying and Stopping Leaks

phase. See section 6.

CHLORINE LEAKS
OCCURRING THROUGH ARE CORRECTED BY REFER
TO SEC.
A. VALVE PACKING GLAND TIGHTENING PACKING NUT with Wrench 200
B. VALVE SEAR (will not GENTLY OPENING AND CLOSING VALVE (to dislodge scale from
close tight) valve seat), or
APPLYING OUTLET CAP AND GASKET 2B with Wrench 200
C. VALVE INLET THREADS TIGHTENING VALVE INTO CYLINDER SLOWLY AND WITH
STEADY PRESSURE with Wrench 201 or
APPLYING DEVICE 1 FIG 3.1 (HOOD)
3
D. BROKEN OFF VALVE DRIVING SMALL DRIFT PIN A-3 INTO VALVE SHANK and
APPLYING DEVICE 1 (HOOD)
3
E. VALVE BLOWN OUT (due DRIVING LARGE DRIFT PIN A-4 INTO VALVE OPENING and
to stripped threads) APPLYING DEVICE 1 (HOOD)
3
F. FUSIBLE PLUG THREADS TIGHTENING FUSIBLE PLUG, SLOWLY USING STEADY
PRESSURE with appropriate end of wrench 203
or
SAWING FUSIBLE FLUSH WITH VALVE BODY, FILING THIS
SURFACE SMOOTH and APPLYING DEVICE 2 (CLAMP) 4
G. FUSIBLE METAL OF APPLYING DEVICE 2 (CLAMP) 4
PLUG
NOTE: DEVICE 1(HOOD) WILL PROBABLY NOT FIT OVER THE
DRIFT PIN. PUT CYLINDER IN AN ISOLATED AREA AND
CALL YOUR CHLORINE SUPPLIER
H. VALVE STEM ASSEMBLY DRIVING SMALL DRIFT PIN A-3 INTO BODY
BLOWN OUT
L SIDE WALL OF APPLYING DEVICE 8 (PATCH) 5
CYLINDER
Note: At all times, before and after application of the emergency device, position cylinder so that source of leak is in the gas

- WEAR RESPIRATORY EQUIPMENT -
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STEM
WRENCH 200

PACKING NUT
WRENCH 200

PACKING

OUTLET CAP
WRENCH 200
(Special Straight Threads)

-®
VALVE 80DY
i WRENCH 201
: g o VALVE INLET ©
®

Valve closes by turning clockuise;
. there ave about 1-1/4 twurns between
widg-open and fully closaed position.

Screwed Type Pusidle Plug
WRENCH 203 All threads are right-sand threads.

TYPICAL VALVE LEAKS OCCUR THROUGH ...

A - VALVE PACK!NG GLAND E - VALVE BLOJN OUT

B - VALVE SEAT F - FUSIBLE PLUG THREADS

C - ’VAL\E INLET THREADS G - FUSIBLE METAL OF PLUG

D - BROKEN OFF VAL\E H - VALVE STEM BLOWN OUT

FiG. 2.1 CHLORINE INSTITUTE STANDARD CYLINDER VALVE
a———— E———

-
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3.

Hood For Valve - Device 1

STEPS

EQUIPMENT REQUIRED

10.

REMOVE VALVE PROTECTION HOOD if in place. POSITION CYLINDER SO
THAT VALVE IS IN UPPERMOST POSITION.

REMOVE OUTLET CAP FROM VENT VALVE ON HOOD (1A1) AND OPEN
VALVE

PREPARE BASE ASSEMBLY (1EH) BY PLACING SPACER PLATE (1P) OVER
SEGMENTS OF BASE (1E) to insure proper position and stability of base segments.
SECURE RAMP (1R) between two base segments by means of hook attacked under
base ring to prevent sliding of base assembly while cylinder is being positioned.

ROLL UPRIGHT CYLINDER ON ITS BASE UP RAMP and PLACE IN POSITION
ON BASE ASSEMBLY

CLEAN THE SHOULDER OF THE CYLINDER, USE SCRAPER IF PAINT IS
LOOSE OR UNEVEN.

PLACE GASKET (1BMV) ON HOOD (1A1). PLACE HOOD WITH GASKET OVER
LEAKING VALVE

ADJUST CAP SCREW (1D1) AND (1K1) IN YOKE (1C1) so that point of screw
extends only slightly below yoke

PLACE YOKE (1C1) IN POSITION ON TOP OF HOOD (1A1).

WITH CHAINS (1F) taut and not twisted, FASTEN ON YOKE (1C) using appropriate
link to avoid slack. CAUTION: YOKE MUST BE CLOSE TO TOP OF HOOD. Thus,
before next step, TAKE UP SLACK IN EACH CHAIN BY TURNING DIAMOND
LINKS (1G) TO SHORT POSITION

HAND TIGHTEN THE 1D1 AND 1K1 SCREWS. It may be necessary to shorten one or
two chains by twisting one half turn on the diamond link to correct vertical alignment of
the hood and yoke. TIGHTEN 1K1 SCREWS EQUALLY FORCING THE 1A1 HOOD
AND 1BMV GASKET AGAINST SHOULDER OF CYLINDER. KEEP THE 1D1
SCREW HAND TIGHT AGAINST WITH CENTER OF HOOD. If LEAK PERSISTS,
TIGHTEN 1K1 SCREW FURTHER IN AREA OF LEAK. CAUTION - CHECK THE
FOOT RING ON BASE OF CYLINDER FOR POSSIBLE DETERIORATION UNDER
EXTREME PRESSURE CONDITIONS.

CLOSE VENT VALVE ON HOOD LEAKS AROUND GASKET. TIGHTEN SCREW
1K1 FURTHER IF NECESSARY.

WRENCH 200

SCRAPER A-8

HOOD 1A1 and GASKET
1BMV

CAP SCREWS 1D1, 3 CAPS
SCREWS 1K1, YOKE 1C1
WRENCH 201

YOKE 1C1 HOOD 1A1
CHAINS 1F

WRENCH 201

WRENCH 20011. TEST
FOR WRENCH 201

Device 1 includes:

HOOD (1A1) CAP SCREW (1D1) SPACER PLATE (1P1)
YOKE (1C1) BASE ASSEMBLY (IEH)  GASKET (1BMV)
3 CAP SCREWS (1K1) RAMP (1R)
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WRENCH 201

VENT VALVE IV

f WRENCH 200

YOKE 1C1

HOOD 1Al

GASKET 18MV .
CHAINS IF

PLATE 1P

FIG, 3.1 DEVICE NO, 1

DIAMOND LINKS 1G
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4.

Clamp for Fusible Plus - Device 2

STEPS

EQUIPMENT
REQUIRED

REMOVE VALVE PROTECTION HOOD if in place. POSITION CYLINDER SO
VALVE IS IN UPPERMOST POSITION.

If leak is in threads of fusible plug:

SAW OFF" FUSIBLE PLUG FLUSH WITH VALVE BODY.

“Some valves have the fusible metal cast directly into the valve body; in such cases, be
sure gasket seating surface is clan and free from pitting.

LOOSEN SET SCREW (2D) AND PLACE CLAMP (2C) OVER LEAKING VALVE.

(Note: It is not necessary to remove hexagonal cap on valve).

PLACE GASKET (2B) BETWEEN LEAKING FUSIBLE PLUG AND BLOCK (2A).

TIGHTEN SET SCREWS (2D) UNTIL LEAK STOPS

TEST FOR LEAKS. TIGHTEN SCREW (2D) further IF NECESSARY.

If leak is in the fusible metal:

If face of fusible plug is badly pitted or corroded, SAW OFF PLUG FLUSH WITH
VALVE BODY.

LOOSEN SET SCREW (2D) AND PLACE CLAMP (2C) OVER LEAKING VALVE.

(Note: Itis not necessary to remove hexagonal cap on valve.)

PLACE GASKET (2B) BETWEEN LEAKING FUSIBLE PLUG AND BLOCK (2A).

TIGHTEN SET SCREW (2D) UNTIL LEAK STOPS.

TEST FOR LEAKS. TIGHTEN SCREW (2D) further IF NECESSARY.

HACKSAW A-2

WRENCH 200 & CLAMP 2C

GASKET 2B

WRENCH 200

HACKSAW A-2

WRENCH 200

GASKET 2B

WRENCH 200

WRENCH 200

Device 2 includes:
CLAMP ASSEMBLY - BLOCK (2A)
CLAMP (2C)
SCREW (2D)
GASKET (2B)

-WEAR RESPIRATORY EQUIPMENT-
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8LACX - 24

SET SCREW - 20
WRENCH 200

GASKET - 28

FIG. 4.1 DEVICE NO. 2
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5.

Patch for Side Leaks - Device 8

(8D).

ATTACH FREE ENDS OF CHAIN (8A) TO EACH SIDE OF YOKE (8B)
(keeping chain as short as possible).

PLACE GASKET (8EV)' AND PATCH (8D) OVER LEAK. USE
SCRAPER (A-8) IF PAINT IS LOOSE OR UNEVEN.

“Use two gaskets on slender cylinders (about 8 inch diameter).

TIGHTEN CAP SCREW 98C)
CAUTION: IF THERE IS ANY EVIDENCE OF
WEAKENING OF CYLINDER WALL, IMMEDIATELY
DISCONTINUE TIGHTENING SCREW.

TEST FOR LEAKS. TIGHTEN SCREW further, IF NECESSARY

STEPS EQUIPMENT
REQUIRED

ROLL CYLINDER SO THAT LEAK IS IN UPPERMOST POSITION.
BE SURE CYLINDER WALL AROUND LEAK IS SOUND BEFORE
PROCEEDING WITH APPLICATION OF DEVICE.

2. ADJUST CAP SCREW (8C) IN YOKE (8B) UNTIL POINT OF SCREW YOKE 8B & CAP
EXTENDS ONLY SIGHTLY BELOW YOKE. SCREW 8C

3. SLIP ONE END OF CHAIN (8A) UNDER CYLINDER AND PULL IT CHAIN 8A
THROUGH UNTIL IT REACHES LEAK.

4. CENTER CAP SCREW (8C) IN YOKE 8B) IN PATCH DEPRESSION PATCH 8D

GASKET IEV, PATCH
8D & SCRAPER A-8

WRENCH 201

WRENCH 201

DEVICE 8 includes:

CHAIN (8A) PATCH (8D)
YOKE (8B) GASKET (8EV)
CAP SCREW (8C)

- WEAR RESPIRATORY EQUIPMENT _
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CAP SCREW - 8C
WRENCH 201 —>§

YOKE - 88
—_—

PATCH - 8D :
\

CHAIN - BA

FIG, 5.1 DEVICE NO, 8

2 CHLORINE INSTITUTE
EMERGENCY KiT A"
; FOR 100 & 150 L

- CHL

B.
ORINE CYLINDERS

FIG, 5.2 CHLORINE [INSTITUTE EMERGENCY KIT A"
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6. Disposal of Chlorine Remaining in Container

The stopping of leaks by the emergency devices is only an interim measure; the cylinder must be
emptied as soon as possible. Chlorine may be passed into and absorbed by a solution of caustic soda or
soda ash. Each 100 pounds of chlorine to be absorbed requires either at least 135 pounds of caustic
soda dissolved in about 65 gallons of water or 350 pounds of soda ash dissolved in about 390 gallons of
water.

If the chlorine cannot be consumed or absorbed, the capped or plugged container should be removed to
a remote area. Consult with the chlorine supplier immediately and arrange for ultimate disposal.

“NOTE: This needs revision in accord with data in revised CHLORINE MANUAL

7. Kit Maintenance

7.1 After Use

When the emergency device is removed from the cylinder, all metal parts should be thoroughly cleaned
with a dilute alkaline solution, rinsed thoroughly, dried, and lightly oiled to prevent corrosion. Return
the device, all wrenches and other tools to the box, check the contents list,] and reseal the box so that it
will again be ready for an emergency.

7.2 Routine

The kit should be frequently inspected by the person responsible for the equipment and checked with
the contents list to insure that equipment is complete and ready for use. The box should be sealed after
each inspection and such seals should be broken only by authorized persons or in case of accidents.
Many owners coordinate routine inspection with training drills.

7.3 Spare Parts

Spare parts may be purchased by owners of this Kit or the Solvay Emergency Kit 'A' provided that the
kit serial number accompanies the order. The serial number is steel-stamped on the inside, upper right
corner of the cover of the steel box in 3/8" numbers and decaled on the front in 1" numbers. For
information on ordering procedures, consult the institute.

8. Kit Limitations

Some 100-1b. and 150-1b. chlorine cylinders in current use are of such design that application of Kit 'A’
devices might be difficult or impossible. Among these are included those having larger than normal (4"
0.D.) neck rings (precluding proper placement of device 1). The kit devices also are unsuitable for
stopping leaks around the cylinder neck, base and foot-ring areas.
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Part
Number

1Aa
1BMV
1C1
1D1
1K1
1EH
1R
1P
2B

2
8A
8B
8C
8D
SEV
200
201
203
A-1
A-2
A-3

A-5

A-6
A-7
A-8
A-9
A-10
A-12
A-13
A-14
144
151A

® - Viton is a registered trademark of E. I. du Point de Nemours, Inc.

CHLORINE INSTITUTE EMERGENCY KIT 'A'

PARTS LIST

Description

Hood Assembly (with 1V Vent Valve)
Gasket, molded Viton®

Yoke

Cap Screw

Cap Screw

Base Assembly with Chains

Ramp

Spacer Plate

Gasket, Garlock 951, 15/16 dia. x 1/16
Clamp Assembly

Chain

Yoke

Cap Screw

Patch

Gasket, Viton®, 2-1/2 square x 1/8
Wrench, 3/8 sq. box, 1-1/4 open end x 7-1/4
Wrench, straight open end, 1-1/4 x 1-1/8 x 12-3/8
Wrench, double box, 7/16 x 9/16 x 8-3/4
Hammer, machinist, 48 oz.

Hacksaw, 10" and 3 blades

Drift Pin, 9/32x1/2x 6

Drift Pin, 7/8 x 1-1/4 x 8

Ring, vent valve packing

7/8 OD x 15/32 ID x 1/4 sq.

Metal Railroad Car Seal

Gasket Sack

Paint Scraper, 1-1/4 blade

Valve Yoke

Valve Adapter (820-Hose)

Washer, valve outlet, 9/16 ID x 15/16 OD x 1/16
Plastic Box

File

Tool Roll

Steel Box

Instruction Booklet

Chlorine Manual

Module 7-30

Quantity
Per Kit

(3 I S I S I R S R N N e e Y i

[
9]

— D e e e e ) b ek



EMERGENCY CONTACTS

CHLORINE SUPPLIER:

Address:

Phone:

NEAREST CHLORINE PRODUCER:

Address:

Phone:

POLICE DEPARTMENT:

FIRE DEPARTMENT:

FIRST AID

CHEMTREC *: 800-424-9300
CANUTEC ™ :_ 613-996-6666

*

In the UNITED STATES, summon help through CHEMTREC, the Chemical Transportation
Emergency Center at the Chemical Manufacturers Assn. in Washington, D.C.

48 contiguous state (toll free) 800-424-9300
if "800" number cannot be reached from your phone, call the '"202" number
instead.
Alaska and Hawaii 202-483-7616
(telephone advice only)
District of Columbia 483-7616

*k

In CANADA, summon help through CANUTEC, the Canadian Transport Emergency Centre
in Ottawa:

All provinces (toll free) 613-996-6666
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Absorbents

Absorbent are used primarily in spill control whereby they provide a large surface area for the
absorption of liquids. The absorbent are normally solid material which absorb liquids at levels
several times their own weight (ten to twenty-five times). The absorbed solids are then disposed
of in accordance with their degree of hazard, and in accordance with the local, state, and
federal regulations. (In some cases the absorbed material is removed and recovered and the
absorbent or absorbed material is recycled). Absorbent can usually be classified in the
following manner:

General Properties

aQ Hydrophobic--Repels water and absorbs most petroleum based liquids, oils,
and hydrocarbons.

2) Hydrophilic---Absorbs most water based chemicals including acids and bases.
€)) Universal-----—- Absorbs water based chemicals, solvents, and oils.
“) Special--------- Absorbent designed for specific chemicals (acids, mercury, etc.)
&) Reactive------- Solidifiers, neutralizers, etc.

Absorbent Materials

Specific chemicals are used to neutralize acids and bases while many types of materials are used
as non reactive absorbants, such as: Polypropylene, Cellulose based, Silicas, clays, Activated
Carbon, etc., or chemicals which promote solidification or polymerization of the contaminant.

Absorbent Forms

Includes the following common types:

€)) Powders (6) Booms

2) Pigs @) Socks

A3) Pillows (8) Rolls

“) Pads (&) Specialized Kits for Specific Chemicals
&) Blankets/Sheets (See neutral chemicals)
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VYapor Suppressors/Foams

Vapor suppression techniques can be used offensively in conjunction with defensive spill
control to reduce the surface area exposed to the atmosphere. For example, a hazmat can be
diverted into a low-lying area by building a diversion barrier and then applying a vapor
suppression agent.

In addition to the traditional firefighting foams used for hydrocarbon or polar solvent liquid
ires, new type of vapor suppression foams are being marketed specifically for hazardous
materials. Vapors from materials such as chlorine, ammonia, sulfuric and nitric acids have
been suppressed with some success during field tests and actual emergencies. As these new
products enter the market place, they will become effective tools for the IC."

Fire Fighting Foams

Fire fighting foam is a mass of gas-filled bubbles formed by various methods from aqueous
solutions of especially formulated foaming agents. Since foam is lighter than the aqueous
solutions from which it is formed and lighter than flammable liquids, it floats on all flammable
or combustible liquids, producing an air-excluding, cooling, continuous layer of vapor-sealing,
water bearing material for purposes of halting or preventing combustion.

Fire fighting foams are formulated in several ways for fire extinguishing action. Some foams
are thick and viscous, forming tough heat-resistant blankets over burning liquid surfaces and
vertical areas. Some foams are thinner and more rapidly spreading. Some are capable of
producing a vapor-sealing film of surface-active water solution on a liquid surface. Some are
meant to be used as large volumes of wet gas cells for inundating surfaces and filling cavities.

There are various methods of generating and applying foams. This section covers the basic
characteristics of various foaming agents and the methods for producing fire fighting foams.

The us of foam for fire protection requires attention to its general characteristics. Foam breaks
down and vaporizes its water content under attack by heat and flame. It, therefore, must be
applied to a burning surface in sufficient volume and rate to compensate for this loss, and to
provide an additional amount to guarantee a residual foam layer over the extinguished portion
of the burning liquid. Foam is an unstable "air-water emulsion" and may be easily broken
down by physical or mechanical forces. Certain chemical vapors or fluids may also quickly
destroy foam. When certain other extinguishing agents are used in conjunction with foam,
severe breakdown of the foam may occur. Turbulent air or violently uprising combustion gases
from fires may divert light foam from the burning area.

In general, foam is especially useful wherever a very light, cohesive, blanketing and cooling, fire
controlling or extinguishing agent is needed. Certain special types of foam are required for
special situations such as cavity filling and water-miscible solvent fire protection. very definite
engineering design requirements and application methods are needed for successful use of
foams.

12

Noll, et.al. 1988. Pg. 166.
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A. Types and Characteristics of Fire fighting Foams

The various types of fire fighting foams that are available and the characteristics of each are
covered in this part of the section.

Protein Foaming Agents

Protein type air foams utilize aqueous liquid concentrates proportioned with water for their
generation. These concentrates contain high molecular weight natural protein-aceous polymers
derived from a chemical digestion and hydrolysis of natural protein solids. The polymers give
elasticity, mechanical strength, and water retention capability to foams generated from them.
The concentrates also contain dissolved polyvalent metallic salts, which aid the protein
polymers in their bubble strengthening capability while the foam is exposed to heat and flame.
Organic solvents are added to the concentrates to improve their foamability and foam
uniformity as well as to control their viscosity at lowered temperatures. Protein type
concentrates are available for proportioning to a final concentration of either 3 percent or 6
percent by volume using either fresh water or sea water. In general, these concentrates
produce dense, viscous foams of high stability, high heat resistance, and better resistance to
burnback than many other foaming agents. They are nontoxic and biodegradable after
dilution. Normal use ambient temperature range for these concentrates is 20°F (-6.7°C) to
120°F (48.9°C).

Fluoroprotein Foaming Agents

The concentrates utilized for generating fluoroprotein foams are similar in composition to
protein foam concentrates, but, in addition to protein polymers, they contain fluorinated
surface active agents that confer a '"fuel shedding'' property to the foam generated. This makes
these particularly effective for fire fighting conditions where foam becomes coated with fuel,
such as in the method of subsurface injection of foam for tank fire fighting, and nozzle or
monitor foam applications where the foam may often be plunged into the fuel. Fluoroprotein
foams are more effective for in-depth petroleum or hydrocarbon fuelled fires than other agents
because of this property of "fuel shedding." In addition, these foams demonstrate better
compatibility with dry chemical agents than do the protein type foams. They also possess
superior vapor securing and burnback resistance characteristics. Fluoroprotein type
concentrates are available for proportioning to a final concentration of either 3 percent or 6
percent by volume using either fresh water or sea water. They are nontoxic and biodegradable
after dilution. The normal use temperature range for these agents is 20°F (-6.7°C) to 120°F
(48.9°C).

Low Temperature (Cold) Foaming Agents

This type of foam concentrate is similar to the protein type foaming agents, but it is protected
for storage and kept at low temperature by the inclusion of non-flammable freezing point
depressants. Fluoroprotein foaming agents for use at low temperatures are also available. Low
temperature foaming agents may be used at ambient temperatures as low as -20°F (-28.7°C).
They are available for use with either 3 percent or 6 percent by volume concentration using
either fresh or sea water.

Aqueous Film-forming Foaming Agents (AFFF)
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Aqueous film-forming foam agents are composed of synthetically produced materials that form
air foams similar to those produced by the protein-based materials. In addition these foaming
agents are capable of forming water solution films on the surface of flammable liquids; hence
the term "aqueous film-forming foam'" (AFFF). AFFF concentrates are available for
proportioning to a final concentration of either 3 percent or 6 percent by volume with either
fresh or sea water.

The air foams generated from AFFF solutions possess low viscosity, have fast spreading and
leveling characteristics, and act as surface barriers to exclude air and halt fuel vaporization just
as other foams do. These foams also develop a continuous aqueous layer of solution under the
foam with surface activity which maintains a floating film on hydrocarbon fuel surfaces to help
suppress combustible vapors and cool the fuel substrate. This film which can also spread over
fuel surfaces not fully covered with foam, is self-healing following mechanical disruption and
continues as long as there remains a reservoir of nearby foam for its production. However, to
insure fire extinction, an AFFF blanket, as with other types of foam, should entirely cover the
fuel surface.

The result of the double action of aqueous film-forming foams is to yield a highly efficient foam
extinguishing agent, in terms of water and concentrate needed and the rapidity with which it
acts on fuel spills.

AFFF concentrates contain fluorinated, long-chain hydrocarbons with particular surface-active
properties. Various water soluble high molecular polymers are added to aid in strengthening
the bubble wall and to retard breakdown. They are nontoxic and biodegradable after dilution.
The shelf life of AFFF concentrates containing no naturally occurring substances that might
change with time.

AFFF can be used as a foam cover and protecting material for flammable liquids which have
not become ignited. It may be used under certain circumstances for extinguishment of certain
water soluble polar solvents. Because of the extremely low surface tension of the solutions
draining from AFFF, these foams may be useful under mixed class fire situations (Class A and
Class B) where deep penetration of water is needed in addition to the surface spreading action
of foam itself.

Foam generating devices yielding stable, homogeneous foams are not necessarily needed in the
employment of AFFF. Less sophisticated foaming devices may be used because of the inherent
rapid and easy foaming capability of AFFF solutions. Water spray devices may be used in
some situations. AFFF also may be used in conjunction with dry chemical agents without
compatibility problems. Although AFFF concentrates must not be mixed with other types of
foam concentrates, foams made from them do not break down other foams in fire fighting
operations.
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Synthetic Hydrocarbon Surfactant Foaming Agents

There are many synthetically produced surface active compounds which foam copiously in
water solution. When these are properly formulated, they may be used as fire fighting foams
and employed in much the same manner as other types of foam.

Hydrocarbon surfactant foam liquid concentrates are employed in 1 to 6 percent proportions in
water. When these solutions are used in conventional foam making devices, the resulting air
foam possesses low viscosity and fast spreading qualities over liquid surfaces. Its fire fighting
characteristics depend on the volume of the foam layer on the burning surface, which halts
access to air and controls combustible vapor production, and the minor cooling effect of the
water in the foam, which becomes available due to a relatively rapid breakdown of the foam
mass. This water solution does not possess film forming characteristics on the flammable liquid
surface, although under some conditions it may produce a temporary water emulsion due to its
wetting agent or "detergent type' properties. because of the low surface tension and wetting
properties of the water solutions of these foams, they may also be used as extinguishing agents
for Class A fires.

Synthetic hydrocarbon surfactant foams are generally less stable than other types of fire
fighting foams. Their water solution content drains away rapidly to leave a bubble mass which
is highly vulnerable to heat or mechanical disruption. Usually they must be applied at higher
rates than other fire fighting foams to achieve extinction. Many formulations of this type of
foam concentrate break down other foams if used simultaneously or sequentially.

"Alcohol-type" Foaming Agents

Air foams generated from ordinary agents are subject to rapid breakdown and loss of
effectiveness when they are used on fires that involve fuels which are water soluble, water
miscible, or of a ""polar solvent" type. Examples of this type of liquid are the alcohols, enamel
and lacquer thinners, methyl ethyl ketone, acetone, isopropyl ether, acrylonitrile, ethyl and
butyl acetate, and the amines and anhydrides. Even small amount of these substances mixed
with the common hydrocarbon fuels will cause the rapid breakdown of ordinary fire fighting
foams.

Certain special foaming agents have, therefore, been developed, called "alcohol-type"
concentrates. Some of these concentrates must be foamed and applied to the burning surface
almost immediately after they are proportioned into water. Solutions of this type cannot be
pumped long distances because their "transit times' (the time required for foam solutions to
travel from the eductor or foam generator to the discharge outlet) before foam production are
short. They would be ineffective if this time was to be exceeded.

"Alcohol-type' foaming agents fall into three general categories:

1. Protein-base concentrates containing heavy metal soaps made soluble by ammoniacal
or solvent solutions. Foams produced from these agents require gentle application to the
burning surface and may have solution transit time limitations.

2. Two component concentrates consisting of a polymeric system in one part which is
further polymerized by a catalyst solution in the second part to render solvent stability to the
produced alcohol-resistant foam. This type may be used in devices which may not apply the
foam gently to the surface and it has not transit time limitations.
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3. Synthetic base concentrates in a single-component system to produce foams for
application to either ordinary flammable liquids or polar type solvents by any device. Agents
of this type have no transit time limitations.

Normal use temperatures for any of the "Alcohol-type" agents are 35°F (1.7°C) to 120°F
(48.9°C).

High Expansion Foaming Agents

""High expansion" foam is an agent for control and extinguishment of Class A and Class B fires
and is particularly suited as a flooding agent for use in confined spaces. The foam is an
aggregation of bubbles mechanically generated by the passage of air or other gases through a
net, screen or other porous medium that is wetted by an aqueous solution of surface active
foaming agents. Under proper conditions, fire fighting foams of expansions from 100 to 1
(100X) up to 1,000 to 1 (1,000X) can be generated.

High expansion foam is a unique vehicle for transporting wet foam masses to inaccessible
places, for total flooding of confined spaces, and for volumetric displacement of vapor, heat,
and smoke. Tests have shown that under certain circumstances high expansion foam when
used in conjunction with water from automatic sprinklers will provide more positive control
and extinguishment than either extinguishing agent by itself. (High-piled storage of rolled
paper stock is an example.) Optimum efficiency in any one type of hazard is dependent on the
rate of application and the foam expansion and stability.

Liquid concentrates for producing high expansion foams consist of synthetic hydrocarbon
surfactants of a type that will foam copiously with a small input of turbulent action. They are
used in about 2 percent proportion in water solution.

High expansion foam is particularly suited for indoor fires in confined spaces. Its use outdoors
may be limited because of the effects of weather. High expansion foam has several effects on
fires:

1. When generated in sufficient volume, it can prevent air, necessary for
continued combustion, from reaching the fire.

2. When forced into the heat of a fire, the water in the foam is converted to steam,
reducing the oxygen concentration by dilution of the air.

3. The conversion of the water to steam absorbs heat from the burning fuel. Any
hot object exposed to the foam will continue the process of breaking down the
foam, converting the water to a steam, and of being cooled.

4, Because of its relatively low surface tension, solution from the foam, which is
not converted to steam, will tend to penetrate Class A materials. However,
deep-seated fires may require overhaul.

5. When accumulated in depth, high expansion foam can provide an insulating
barrier for protection of exposed materials or structures not involved in a fire,
thereby preventing fire spread.
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Research has shown that using air from inside a burning building for generating high
expansion foam has an adverse effect on the volume and stability of the foam produced.
Combustion and pyrolysis products can reduce the volume of foam produced and increase the
drainage rate when they react chemically with the foaming agent. The high temperature of the
air breaks down the foam as it is being generated. Physical disruption also takes place
apparently caused by vapor and solid particles from the combustion process. These factors
which cause foam breakdown may be compensated for by higher rates of foam generation.

When foam is generated from the gases of combustion it becomes toxic, and entry to a foam-
filled passage must not be attempted without self-contained breathing apparatus. The foam
mass also obscures vision, and life lines must be used if entering into it.

Chemical Foam Agents and Powders

These foam producing materials have become obsolete because of the superior economics and
ease of handling of the liquid foam-forming concentrates previously discussed. Chemical foam
is formed from the temperature sensitive chemical reaction in aqueous solution between
aluminum sulfate ("A'") (acidic) and sodium bicarbonate (""B'") (basic) which also contains
proteinaceous foam stabilizers. In "wet systems," these chemicals are stored in solution in
large separate tanks. In powder systems, and in all portable methods for its use, the chemicals
are added through "hoppers," into flowing water streams. The foam is formed by the
generating of carbon dioxide gas from the chemical reaction of the two solutions of compounds.
Chemical foam is quite stable and heat resistant, but generally it is very stiff and slow-moving.
It "bakes' under flame attack and will form open fissures in the foam layer which expose the
underlying fuel.
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Fig. 13-24. A generalized flow dlagram of air foam genera-
tion.

Chemical foam "fixed" systems require constant maintenance, and portable devices for its use
are very difficult to operate at a fire.
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B. Air Foam Generating Methods

The process of producing and applying fire fighting air foams to hazards requires three
separate operations, each of which consumes energy. They are the proportioning process, the
foam generation phase, and the method of distribution. A flow diagram illustrating the
relationship of the three operations in given in Figure 13-2A.

In general practice, the functions of air foam generation and distribution take place nearly
simultaneously within the same device. There are also many types of proportioning and foam
generating equipment.

In certain portable devices all three functions are combined into one device. The design and
performance requirements of foam systems dictate the choice of types of proportioning,
generating, and distributing equipment for the protection of specific hazards.

Foam Concentrate Proportioners

In order that a predetermined volume of liquid foam concentrate may be taken from its source
and placed into a water stream to form a foam solution of fixed concentration, the following
two general method classifications are made:

1. Methods which utilize the pressure energy of the water stream by venturi action and
orifices to induct concentrate. (In general, such devices impose a 35 percent pressure drop on
the water stream.)

2. Methods which utilize external pumps or pressure heads to inject concentrate into the
water stream at a fixed ratio to flow.

Figures 13-2B and 13-2C illustrate the general principles of the two different methods of
proportioning.

These (and other) foam concentrate proportioning methods may be easily arranged to produce
foam solutions in concentrations of 3 percent or 6 percent by volume of the liquid foam
concentrate in the water stream.

FOAM T
CONCENTRATE CONCENTRATE o]
CONTAINER COMTAINER

eneex rUns
vALYL

—————
FOAM JOLUTION

omrict
MATL
:UC T;Ol'; wATER | SOAM SOLUTION
HAM

wg'::' Fig. 13-2C. Concentrate pump proportioner.

Fig. 13-2B. Venturi induction (in-line) proportioner. -

Air Foam Generating Methods
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Air foam nozzles, foam tubes, and foam makers are the devices that mix air with proportioned
foam solution to form finished air foam for application to a hazard. The most widely used type
of foam makers are those in which the foam is generated by inspiration of air into the device
using a venturi nozzle.

Air foam generators can be put into five general categories depending on the amount of energy
that is used in the foam-making process. They are:

Nonaspirating Methods: Devices such as water sprinklers or water spray nozzles produce a
watery foam-froth. Use of such devices for foam production is confined to special applications
because of the poor quality, sloppy foam that results. They do not actually inspirate air for
foam production but rely on droplet collision and air turbulence for foam-froth production.
The resulting froth is relatively unstable. Very little energy is required for this method of foam
making. AFFF foams may be produced in these devices.

Air Aspirating Foam Nozzles, Foam Tubes, and Ordinary Foam Makers: These constitute the
majority of commercial foam-making devices for portable use or fixed installation. They
generate foam by venturi action and aspiration of air into a turbulent foam solution stream.

Figure 13-2D illustrates the basic principles of the air aspirating method of foam production.

VENTURL SUCTION CHAMBER
(FOR CONCENTRATE)

‘AIR INTAKE PORTS FOAM

o

L_ AR INTAKE PORTS
18Y VENTURI ACTION) TURSUL ENCE CHAMBER

} {FOR FOAM REFINEMENT)
FOAM -

CONCENTRATE

"pPICK-UP" TUBE

Fig. 13-2D. Cross section of an aspirating rype foam maker
with a concentrate “pick-up” tube.

Approximately 90 percent of the kinetic energy of the incoming foam solution is exhausted in
this type of device and the air foam issuing from it may be distributed only in ways which do
not require large pressure differentials.

"High Back-Pressure' Foam Makers: These modified venturi devices are especially designed to
conserve foam pressure energy. They operate at relatively high back-pressures for purposes of
discharging foam through extended lengths of pipe of hose and for subsurface injection of foam
for fuel tank fire fighting. They are also useful for converting old chemical foam systems to air
foam systems. They operate at higher pressures than ordinary venturi devices but the foam
produced retains some (25 percent) residual pressure.

Pumped Foam Devices: In these systems compressed air is injected or pumped into the foam
solutio under pressure. They are inherently more expensive and find rather limited
commercial or industrial application. They require additional increments of power to inject air
but the resulting homogeneous foam retains some kinetic energy.
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High Expansion Foam Generating Devices: There are two principal methods used for the
generation of this type of fire fighting foam. One of these utilizes a modified venturi action with
very turbulent flow and the other requires input of energy to form the finished foam. The
latter system results in high expansion foam containing enough residual kinetic energy to
enable it to be forced through large tubes and passageways.

Figures 13-2F and 13-2G illustrate the operating principles of high expansion foam generating
devices.
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Flig. 13-2F. Asplrating type high expansion foam generafor.
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Fig. 13-2G. Fan-blower type high expansion foam generator.
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C. Chemical Foam Generating Methods

Except for the generation of chemical foam from "we systems' where the simple mixing of the
two solutions ("A'" and "B" solutions) will produce foam, it is necessary to pour two chemical
powders into a water stream in a fixed ratio to produce the foam. The ""A" and "B" chemicals
may be mixed previously and stored together in tightly sealed containers. Figure 13-2H
illustrates the equipment used to generate foam using previously mixed "A'" and "B" powders.

CHEMICAL
FOAM POWOER
ROPPER

PRESSURE
GAUGE POWDER-WATER

MIXING CHAMBER

WATER

SHUT-OFF . FOAM
VA JET NOZZLE GENER‘“NG(REAC”ON,
LvE

Fig. 13-2H. A chemical foam hopper generator for a single
(previously mixed “A" and "B") powder system. When ‘dual
powders are used, two hoppers are piped in parallel to a single
water source. Dual piping is used from their outlets.

The admixture of solids into water must be very carefully done so that clogging of the mixing
throat does not occur. Back-up of water into the cone prevents free flow of the powders into
the apex of the cone. If this should occur, which has often happened during fire fighting, the
operation must be stopped and all moisture removed from the walls of the device.

D. Some Requirements Governing Fire Protection with Foams
Foams are primarily used for control and extinguishment of fires involving flammable or

combustible liquids. In general, the following criteria for the hazardous liquid must be met for
a foam to be effective:

1. The liquid must be below its boiling point at the ambient conditions of temperature and
pressure.
2. Care must be taken in application of foam to liquids with a bulk temperature higher

than 212°F (100°C). At these fuel temperatures and above, foam forms an emulsion of
steam, air, and fuel. This may produce a fourfold increase in volume.

3. The liquid must not be unduly destructive to the foam used, or the foam must not be
highly soluble in the hazard to be protected.

4. The liquid must not be water-reactive.
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The fire must be a horizontal surface fire. Three-dimensional (falling fuel) fires cannot
be extinguished by foam unless the hazard has a relatively high flashpoint and can be
cooled to extinguishment by the water in the foam. However, some foams are capable
of "following'" a flowing fuel fire.

The following general rules apply to the application and use of ordinary air foams.

1.

5.

The more gently the foam is applied, the more rapid the extinguishment and the lower
the total amount of agent required.

Successful use of foam is also dependent on the rate at which it is applied. Application
rates are described in terms of the amount (in gallons or litres) of foam solution
reaching the fuel surface (in terms of total square footage of square meters) every
minute. An application rate of 0.1 gpm/sq.ft (4.17 litres/min.m?) means one-tenth of a
gallon of foam solution is being applied every minute for each square foot of fuel
surface. (If the foam has a 10 expansion, the means a gallon (3.8 litres) of finished foam
is being applied every minute per square foot (0.09 m?).) Increasing foam application
rate over the minimum recommended will generally reduce the time required for
extinguishment. However, little time advantage is gained if application rates are
increased more than three times the minimum recommended. If application rates are
less than the minimum recommended, extinguishment time will be prolonged or may
not be accomplished at all. If application rates are so low that the rate of foam loss by
heat or fuel attack equals or exceeds the rate at which foam is being applied, the fire
will not be controlled or extinguished.

The critical application rate is the lowest rate at which a foam will extinguish a given
fire under a particular set of conditions.

The minimum recommended application rate is the rate found by test to be the most
practical in terms of speed of control and amount of agent required. The general curve
in Figure 13-21 illustrates the rate-time relationship for foam application to a hazard.
The curve may be displaced right or left depending on fuel and method of application;
hence the need for carefully engineered systems based on actual test information.

» £ ]
)
Lo

-~

/‘

TOME, MINUTES
» “
JLOE NLEW I

™~

Jl 2 3

RBATE =~ MIN. RECONMENDED RATE

3..

CmITICA

APPLICATION RATE, GPM PER SQ FT

Fig. 13-21. General relationship of foam application rate to
time of application necessary for extinction.

In general, air foams will be more stable when they are generated with lower
temperature water. Preferred water temperatures range from 35°F (1.7°C) to 80°F

(26.7°C). Either fresh or sea water may be used. Water containing known foam
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contaminants such as detergents, oil residues, or certain corrosion inhibitors may
adversely affect foam quality.

6. Foams are adversely affected by air containing certain combustion products. While the
effect is minor with ordinary air foam and ordinary hydrocarbon fuels, it is desirable to
locate fixed foam makers on the sides of, rather than directly over, the hazard.

7. Recommended pressure ranges should be observed for all devices. Foam quality will
deteriorate if these limits, both high and low, are exceeded.

8. Most air foams are adversely affected by contact with vaporizing liquid extinguishing
agents or their vapors and by many dry chemical agents. Unless information to the
contrary is available, these materials should not be used simultaneously with air foams.

Gases from decomposing plastic materials have a similar breakdown effect on foams.

9. Foam solutions are conductive and, therefore, are not recommended for use on
electrical fires. If foam is used, a spray is less conductive than a straight stream.
However, because foam is cohesive, and contains materials that allow water to conduct
electricity, a spray foam stream is more conductive than a water fog.

E. Important Uses for Fire Fighting Foams

Fire fighting foams are useful on surfaces wherever the cooling effect of water is needed and
wherever continuous film-coating characteristics of a light, opaque form of water, capable of
sealing vapors, are needed.

The most important use of foams is in fighting fires in flammable or combustible liquids. Foam
is the only permanent extinguishing agent used for fires of this type. Its application allows fire
fighters to extinguish fires progressively. A foam blanket covering a liquid surface is capable of
preventing vapor transmission for some time, depending on its stability and depth. Fuel spills
are quickly rendered safe by foam blanketing. The blanket may be removed after a suitable
period of time; often it has no detrimental effect on the product with which it comes into
contact.

Foams may be used to diminish or halt the generation of flammable vapors from nonburning
liquids or solids. They may be used to fill to fill cavities or enclosures where toxic or flammable
gases may collect.

Foam is of great importance where aircraft are fueled and in operation. Sudden large fuel
spills resulting from aircraft accidents or malfunction require rapid foam application. Hangar
fire protection is best accomplished by foam-water sprinkler systems and portable foam
equipment.

Foams of the high expansion type (100X to 1,000X) may be used to inundate or fill enclosures
such as basement room areas or holds of shops where fires are difficult or impossible to reach.
Here foams act to halt convection and access to air for combustion. Their water content also
cools and diminishes oxygen by steam displacement.

Many foams are generated from solutions with very low surface tension and penetrating
characteristics. Foams of this type are useful where Class A combustible materials are present.
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The water solution draining from the foam cools and wets the solid combustible in such
instances.

SI Units

The following conversion factors are given as a convenience in converting to SI units the
English units used in this chapter.

1sq ft =0.0929 m*

5/9 (°F-32) =°C
1 gpm/ft’ = 40.746 litres/min m’
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Neutralizing Chemicals

"Neutralization

Some hazmats can be neutralized by applying another material to the spill which will react
chemically with it to form a less harmful substance. The major advantage of neutralization
operations is the significant reduction of harmful vapors they provide. In some cases, the
hazmat can be rendered harmless and disposed of at much less cost and effort. Examples
include acids neutralized by bases.

Before initiating any neutralization techniques, the following conditions must be satisfied.

1. The Hazardous material has been positively identified.
2. Its physical and chemical characteristics have been properly researched.
3. The spill has been controlled and confined to prevent runoff after application of the

neutralizing agent.

Sufficient neutralizing agent should be on hand to complete the process once it is begun. This
enables ERP to receive minimum exposure.

Spills should be covered by shovelling from the outermost edge inward, thereby protecting the
workers first. Avoid walking through un-neutralized materials, even when wearing proper
protective clothing. This is particularly important when dealing with corrosives.

Most neutralizing agents, such as sodium bicarbonate and soda ash should be purchased in
bulk quantities and stored at key locations. Several neutralizing Kits are available
commercially for handling small spills. They are normally packaged for smaller laboratory or
worksho;lls-type spills of one to five gallons and are usually ineffective for spills larger than 50
gallons."

' Noll, et. al. 1988. Pg. 166.
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Fire Extinguishers

2 Portable Extinguishers

Portable fire extinguishers are classifies according to their intended use on the four classes of
fires (A, B, C, D,) discussed in the previous chapter. All portable extinguishers display a rating
which indicates the appropriate extinguisher to use on a certain class of fire.

The rating system is based on physical tests conducted by the Underwriter's Laboratories, Inc.,
and Underwriter's Laboratories of Canada, and are designed to determine the extinguishing
potential for each size and type of extinguisher.

These ratings may consist of a LETTER, NUMERAL and LETTER, or a combination thereof
and they appear on labels affixed to the extinguisher. The LETTER refers to the class of fire
on which the use of the particular extinguishing agent is most effective. The NUMERAL, used
in conjunction with Class A and B extinguishers only, indicates the relative effectiveness of the
extinguisher. Multiple letters or numeral-letter ratings are used on extinguishers which are
effective on more than one class of fire. (Figure 2.1)

ORDINARY FLAMMABLE "ELECTRICAL | COMBUSTIBLE

COMBUSTIBLES LiQuiDs EQUIPMENT M;TALS

(GREEN TRIANGLE) - (RED SQUARE) (BLUE CIRCLE) (YELLOW STAR) J

—
Figure 2.1 Distinctive letters, shapes and colors help to mark extinguishers according to the classes of fires-on which

- they shouid be used.

CLASS A RATINGS
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Extinguishers for use on Class A fires are classified with the following ratings:

1-A, 2-A, 3-A, 4-A, 6-A, 10-A, 20-A, 30-A, and 40-A. The NUMERAL is indicative of the
relative fire extinguishing potential of various sizes of the different types extinguishers suitable
for use on Class A fires. For example, a 4-A extinguisher can be expected to extinguish
approximately twice as much fire as a 2-A extinguisher.

CLASS B RATINGS
Extinguishers for use on Class B fires are classified with the following ratings:

1-B, 2-B, 5-B, 10-B, 20-B, 30-B, 40-B...ranging up to 640-B. The NUMERAL serves two
purposes.

1. Itis indicative of the relative fire extinguishing potential of various sizes of the different
types of extinguishers suitable for Class B fires.

2. It is also an approximate indication of the square-foot area of deep-layer flammable
liquid fire which an average operator can extinguish.

For example, a 10-B unit can be expected to extinguish 10 times as much fire as a 1-B unit and
should successfully extinguish 10 square feet of a flammable liquid fire when used by a trained
operator.

CLASS C RATINGS

No NUMERAL is used since Class C fires are essentially either Class A or B fires involving
energized electrical wiring and equipment. the size of the different suitable extinguishers
installed should be commensurate with the size and extent of the area involving the electrical
hazard or containing equipment being protected.

Example 1 - Dry Chemical Extinguisher, Rated 5-B, C

This extinguisher should extinguish approximately five times as much Class B fire as a 1-B unit
and should successfully extinguish a flammable liquid fire of 5 square foot area when used by a
trained operator. It is also safe to use on fires involving energized electrical equipment.

Example 2 - Multi-Purpose Extinguishers, Rated 4-A, 20-B, C.
This extinguisher should extinguish approximately four times as much Class A fire as a 1-A
extinguisher, 20 times as much Class B fire as a 1-B extinguisher, and a flammable liquid fire of

a 20 square foot area when used by a trained operator. It is also safe to use on fires involving
energized electrical equipment.
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CLASS D RATINGS

No NUMERAL is used since there are so many metals which would each require extremely
different ratings. The relative effectiveness of those extinguishers for use on specific
combustible metal fires is detailed on the extinguisher faceplate.

MULTIPLE MARKINGS

Extinguishers suitable for more than one class of fire should be identified by multiples of the
symbols previously pictured. Ifa new extinguisher is not properly marked, the seller should be
requested to supply the proper decals. (Figure 2.2)

MULTIPLE MARKINGS FOR EXTINGUISHERS®

1. Dry Chemical
A. ABC (ammonium phosphate base) D. Monex (ures-potassium bicarbonate base)
2-1/41b. 1-A, 10-B:C 9 Ibs. 80-B:C
2-3/4 2-A, 10-B:C 19 120-B:C
5-1/21b. 2-A,20-B:C 23 160-B:C
6 2-A, 40-B:C
5-1/2 3-A, 20-B:C 1L Carbon Dioxide
6 3-A, 40-B:C 2-1/2 1bs. 2-B:C
8 4-A, 40-B:C 5 5-B:C
9 4-A, 60-B:C 10 10-B:C
18 10-A, 40-B:C
18 10-A, 60-B:C 1I1. Halon 1211
20 10-A, 80-B:C
18 20-A, 80-B:C 2-1/2 Ibs. 5-B:C
5 10-B:C
B. Purple K (potassium bicarbonate base) 10 1-A, 10-B:C
16 1-A, 20-B:C
2 lbs. 5-B:C 16 2-A, 40-B:C
2-3/8 10-B:C 22 2-A, 60-B:C
4-3/4 20-B:C
5-3/4 30-B:C IV. Water
9 40-B:C
9 60-B:C 2-1/2 gals. 2-A, 1-B
18 80-B:C 2-1/2 2-A
30 120-B:C 4 3-A
5 4-A
C. Ordinary (sodium bicarbonate base)
V. Wet Chemical
1 Ibs. 2-B:C
2 5-B:C 1-1/2 gals. 2-A
2-3/4 10-B:C
10 30-B:C VI Antifreeze Solution
7-1/2 40-B:C
10 60-B:C 2-1/2 gals 2-A
20 80-B:C 2-1/2 2-A,1-B
2-1/2 3-A,1-B

Figure 2.2 Some fire extinguishers are suitable for more than one type of fire. Multiple marking of the different letter classes, along with
numerals for denoting relative effectiveness, allow the user to see at a glance the application of an extinguisher. “For more information on
rating tests for determining numeral classifications, see NFPA HANDBOOK, 14th Edition, pages 16-4 and 16-5.
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USING PORTABLE EXTINGUISHERS

Portable fire extinguishers, available in many types and designs, are not intended to be a substitute for
sprinkler systems, hose streams, or other fire fighting devices. They are, however, considered necessary
even though the property is equipped with automatic fire protection devices and each type should be
used according to its designated purpose. Portable extinguishers contain a limited supply of
extinguishing agent; their discharge range and time is limited; they require periodic inspection; and
some must be recharges periodically.

Portable extinguishing equipment should be relied upon only to the extent of their intended use, and
when that limit has been reached, larger fire fighting devices and equipment should be provided to
extinguish the anticipated fire. The operating principle, classification and suitability, servicing, and
method of operating portable extinguishers available to the fire service and for private fire protection
are described for each extinguisher on the following pages.

WATER TYPE EXTINGUISHERS (Pump Tanks)

Sizes: 1% to S gallons

Applicable To: Class A Fires.

Operating Principle: Hand pump operated.

Method of Operation: There are several kinds of pump tank extinguishers equipped with a double
action pump which delivers a continuous stream of water. Carry the extinguisher to the fire by the
handle. Operate the pump with an up and down stroke. Short continuous strokes of the pump handle
may provide a better stream than long strokes. The filler cap is provided with a tiny vent which must
be kept clear so that air may replace the water as it is discharged from the tank. Some nozzles are
provided with two tips, one for straight stream and the other for a spray stream. It may be desirable to
place one finger into the discharge stream at the nozzle to break the solid stream up into a broken
stream. (Figure 2.4 and 2.5)

Figure 2.4 A hand-pumped water type extinguisher with straps
for carrying on the back. Pump handle is part of the nozzle
mechanism.
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Figure 2.5 One of several kinds of water pump tanks.
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Use The
PROPER

Extinguisher
S

Glassification & Use

pails and

cask or drum pressurized
Ordinary
CLASS A Gombustibles YES YES YES
Flammable
GCLASS @ Liquids NO NO NO
. N~ Electrical
GLASS Equipment No t N t NO 1
CLASS c";’":’f:}:" NO O NO
EXTINGUISHING WATER .. WATER WATER
With or Without With or Without
A GE”; Caicium Chtoride Calcium Chioride
HOW TO OPERATE TR POMP. it o bump
PITCH on floor.
RANGE OF STREAM 5 to 10 feet 30 10 40 fest 30 10 40 feet
DURATION OF DISCHARGE i 2% gal. - 1 min.
(at room temperature) VARIABLE § gal. - 2 min. 2% gal. - 1 min.
APROTITE VT | | g | s e
REQUIRES PROTECTION YES, uniess YES, unies

FROM FREEZING

aslcium chioride
solution is used.

calcium chioride
solution is used.

"YES

Fires in slectrical equipment can be safely attacked with extinguishers
of this type ONLY AFTER electric current has been cur off,

<% A special type foam charge should be used for *’Polar Solvents.”

{alcohol, acetone, ketone, etc.)

3 Ettactive for initial attack on fires in combustible

fibers but should be followed up with a fine water

spray.

Should not be used where open low voltage contacts

are employed.

|
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Loaded
Stream

ANTI-FREEZE

Caleium
Chloride

DRY
CHEMICAL §

LIQUEFIED GAS

CARBON
DIOXIDE

BROMOTRIFLUORO
METHANE

Halon 1301
ONLY with KO, No,
YES YES Aa'é pcmon very lrna.llx ‘f:l’r‘:: very sm:l:‘f:l.rg:.
NO YES YES YES YES
NO NO t YES YES YES
NO " NO R No NO

Water with dis-
solved potassium
carbonate and

Water with dis-

solved calcium

chloride and a
~gorrosion inhi-

Usually powdered com-
pounds of sodium or po-
tassium bicarbonate or
ammonium phosphate

.

Carbon dioxide as
gas and snow.

Monobromotri-
floromethane

special saits. bitor base. Other formulations 23 2 gas.
N available for special hazards

Pull lock pin Invert and Pull lock pin Pull lock pin Puil lock pin
and pult or bump plunger and squeeze and squeeze and squeeze
squeeze trigger. on floor. trigger. trigger, trigger

30 to 40 feet 30 to 40 feet 5 to 20 feet 310 8 fest 4 to 6 feet
2% gal. - 1 min. 2 % gal. - 1 min. 10 to 20 seconds 10 to 20 seconds 10 seconds

7% ibs. - 351bs.
-40 Ibs.
2% gal. - 35 Ibs, 2% gal. - 35 tbs. 32 tbs. 15 Ibs. - 5060 Ibs. 7 pounds
' s 20 Ibs. - 55 1bs. 20 Ibs. « 65-75 Ibs. P
NO NO NO NO NO

t
$t Extinguishers of this type should not be used in the vicinity of equipment which may be affected by the highly

corrosive vapors resulting from their use,

Oue to the toxic effect of gases or vapors generated by the use of this liquid, special precautions MUST BE TAKEN
TO AVOID BREATHING THESE VAPORS particularly in confined or unventilated spaces.
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STORED-PRESSURE WATER EXTINGUISHERS

Size: 2% gallons.

Applicable To: Class A Fires

Operating Principle: Air pressure stored in the same shell or changer with the water. Average air
pressure is 100 psi.

Method of Operations: Carry to the fire in an upright position and use in accordance with the
instructions on the faceplate of the extinguisher. Hold the hose in hand at all times ready to use. Direct
the stream at the base of the fire. (Figure 2.6).

Figure 2.6 A stored pressure water extinguisher, The
gauge at the top registers pressure.
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CARBON DIOXIDE EXTINGUISHERS

Sizes: 2,2%,4,5,6,10,12, 15, 18, and 20 pounds.

Applicable To: Class B and C Fires.

Operating Principle: Carbon Dioxide gas stored under pressure and expelled by operating valves.
Method of Operation: Carry to the fire by the handle and operate in accordance with instructions
which are prominent on the extinguisher. The discharge expels a cloud of carbon dioxide (CO,) gas
with some "snow" through the nozzle horn. CAUTION: Do not handle the "snow" as frostbite may
occur. The discharge horn should be pointed at the base of the fire. The discharge should be applied to
the burned surface even after the flames are extinguished. On flammable liquid fires, best results are
obtained when the discharge form the extinguisher is employed to sweep the flame off the burning
surface. On low voltage electrical contact fires this agent is recommended to reduce costly cleaning
operations, as the CO, does not leave a residue such as a dry chemical would. (Figure 2.7)

Figura 2.7 Carbon dioxide extinguisher. The CO; is
stored in a liquid condition at 800 to 900 psi.
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HALON EXTINGUISHERS

Sizes: 1 gallon to 10 gallon wheeled units.

Applicable To: Class B and C Fires.

Operating Principle: Liquefied compressed gas.

Method of Operation: Carry to the fire and operate in accordance with instructions on extinguisher
label. Discharge is controlled by trigger type handle. Discharged liquid readily vaporizes to a gas.
Direct stream to base of flames. Extinguishment is by inhibition of the chain reaction of the
combustion process.

ORDINARY BASE DRY CHEMICAL EXTINGUISHERS

Sizes: 2% to 30 pounds.

Applicable To: Class B and C Fires.

Operating Principle: Alkaline base chemical expelled by either gas cartridge or store-pressure within
the same container.

Method of Operation: Carry to the fire and operate in accordance with instructions which are
prominent on the extinguisher. Both cartridge-oriented and pressurized dry chemical extinguishers
control the discharge of the dry chemical by a nozzle shut-off valve. On fires in flammable liquids, the
discharge should be directed at the base of the flames. Best results are obtained by attacking the near
edge of the fire and progressing forward moving the nozzle rapidly with a side-to-side sweeping motion.
When it is used on electrical fires, care should be taken around open low voltage contacts to prevent
costly cleaning. It may be better to use other agents in such cases. (Figure 2.8).

- E0—

orenare

" — —
.REMOVY HOSE

Figure 2.8 Ordinary base dry chemical extinguisher.
A gas cartridge behind the cover on the right provides
the pressure to expel the chemical,
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MULTI-PURPOSE BASE DRY CHEMICAL EXTINGUISHERS (Figure 2.9)

Sizes: 2% to 20 pounds.

Applicable To: Class A, B, and C Fires.

Operating Principle: Same as Ordinary Base Dry Chemical Extinguishers except that the chemicals
are a mixture suitable for use on ordinary combustible materials.

Method of Operation: Same as Ordinary Base Dry Chemical Extinguishers except that on fires in
ordinary (Class A) combustibles, the discharge should be directed at the burning surfaces to cover them
with chemical. When the flames have been extinguished, the chemical discharge should be directed on
any glowing areas. Careful watch should be maintained for hot spots that may develop and additional
agent applied to those surfaces as required to coat them thoroughly with the extinguishing medium.
CAUTION: Care should be taken to avoid contamination of any type of dry chemical with multi-
purpose type.

Intermixing types of dry chemical agent can result in a chemical reaction which can cause the
extinguisher to malfunction and corrode the interior of the extinguisher itself. Under certain
conditions, the reaction will create enough pressure to cause the extinguisher to rupture.

OBSOLETE EXTINGUISHERS

In 1969, the manufacture of all inverting type extinguishers was discontinued in the United States.
These include soda-acid, foam, and cartridge-operated water and loaded stream extinguishers. It is
estimated that there are still several million inverting type extinguishers in use. Some of the
disadvantages associated with these extinguishers are:

1. They are extremely good conductors of electricity.

2. They cannot be turned off once activated.

3. The agent is more corrosive than plain water.

4. They are potentially dangerous to the operator during use. If the discharge hose becomes

blocked, they can build up pressures in excess of 300 psi and explode causing serious injury or
death to the operator. (Figures 2.10 & 2.11)

Figure 2.10 Inverting extinguishers like this soda-acid.ty.pe
are considered to be obsolete, although millions are still in use,

Figure 2.11 An obsolete
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NEW MARKING SYSTEM

A new extinguisher marking system based on the International "Picture-Symbol" labeling system is
now in limited use. The system is designed to make the operation of fire extinguishers more effective
and safe to use through the use of the less confusing pictorial labels. The new system also emphasizes
when NOT to use an extinguisher on certain types of fires. Examples of this labeling system are shown

in Figures 2.12-2.15.

ATRASH-WOODOPAPER 6] uouos-snase

@ ELECTRICAL EQUIP

$ Figure 2.12 The new type markin_
j for an extinguisher suitable for Class
A, B, and C Fires.

W nal) i ie O DSISRAON

@® ELECTRICAL EoUP

Figure 2.13 A red line across a black
background denotes on extinguisher
not suited for electrical fires, but
suitable for A and B fires,
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Courtesy of National Association of Fire Equipment DZstribuéars Inc.
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Figure 2.14 New marking system for
an extinguisher suitable only for Class A
fires.

£\ TRASHsWOOD  PAPER

4

Figure 2.15 An extinguisher with this
decal can be used on either flammable
liquids or electrical equipment but not
on ordinary combustibles.
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Figurs 2.16 Extinguisher locations should be marked with a separate sign located high
on a wall or pole for better visibility in a large room.
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7. Disposal

"Disposal techniques include absorption or packaging the spilled material on-site. then the hazmat and
all contaminated equipment and supplies can be transported to the proper facility by approved haulers.

Absorption differs from neutralization since the hazmat does not change chemically; in other words,
you have the same material you started with. This may be either an advantage or disadvantage,
depending on the situation.

Practically, absorbents are effective when dealing with a liquid spill of less than 55 gallons. Larger
spills are more difficult to absorb and often the cost and time exceeds the benefit. Examples include
clay, sand, absorbent pads and pillows, and other commercially available Kits.

Disposal involves overpacking the leaking container and its contents and then transporting it to a waste
disposal facility where it will be chemically treated, buried, or incinerated. Disposal may be necessary
when:

. Highly toxic materials which cannot be rendered harmless are involved.
. On-site treatment requires unacceptable risks to ERP.
. On-site treatment costs exceed disposal costs. For example, neutralizing a spill and

decontaminating emergency equipment may cost more than pumping the material into a drum
and having it transported to a waste dump.""*

'* Noll, et. al. 1988. Pg. 166-167.
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YOUR COMPANY or ORGANTZATIONS D.O.T. EXERCISE

1. WHAT HAZARDOUS MATERTALS ARE HANDLED BY YOUR ORGIZATION

Size and Type B Virgin (V) HMTA Regulation
Name of Container Waste (W) Required(Y aor N)

2. For each chemical above, that are regulated by 49CFR, prepare the
following Analysis:

A. WHY IS THE MATERTAL REGULATED BY 49CFR?

B. WHAT IS THE D.O.T. DESCRIPTION?

(1) Proper Shipping Name -
(2) Hazard Class -

(3) I.D. Number -

(4) Packing Group -

C. WHAT MARKING IS ON THE CONTAINER?

(1) mmmofttemﬁmg .
(a) Regulation Reference Section =

D. WHAT IABFI(s) ARE ON THE CONTAINER?

(1) Description of the Iabel(s)
(a) Regulation Reference Section =
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E. WHAT IS THE CONTAINER SPECIFICATION
(1) Description of the Container Specification Marking

(a) Regulation Reference Section =

F. WHAT IS THE D.O.T. SHIPPING PAPER/MANIFEST DESCRTPTION?

(1) Proper Shipping Name -
(2) Hazard Class -
(3) I.D. Number -
(4) PackJ.ng Group -
(5) Weight -
(6) Certification Signed -
(7) Emergency Response Telephone Number -
(8) Emergence Response Infaormation i.e. MSDS ar ERG reference -

(a) Regulation Reference Section(s) =

G. WHAT PIACARD(s) WOUID YOU OFFER?

(1) Description of the Placard(s)

(a) Regulation Reference Section =
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DEFINITIONS
HAZARDOUS MATERIALS
Definitions

A hazardous material, as defined by the U.S. Department of Transportation (DOT), is a
substance or material, including a hazardous substance, in a quantity or form which may pose
‘an unreasonable risk to health, safety, or property when transported in commerce.

Classification

Hazardous materials are classified according to their chemical and/or physical properties or their
relative hazard to health. The Department of Transportation has adopted the United Nations
(UN) system of identifying hazardoi's matc-ials by class number. The regulations in 48 CFR will
show both the UN hazard class number and, in parentheses, the name of that hazard class.

For example, under the UN system, flammable liquids will be "Class 3." This will be shown in 49
CFR as "Class 3 (flammable liquid)." Some materials are identified with a "Division number."
For example, compressed gases could be Division 2.1 (flammable gas), Division 2.2
(nonflammable gas), or Division 2.3 (poisonous gas).

Also, most hazardous materials are assigned a Packing Group according to the degree of
danger. There are three Packing Groups: |, Il, and Ill. Group | packages are for the greater
danger, Group li for medium danger, and Group Il for minor danger. Materials in the same
hazard class may require different Packing Groups. For example, Class 3 (flammable liquid)
may be assigned Packing Group |, I, or lll depending on the characteristics of the material, such
as flash point and boiling point. Packing Groups are not assigned to Class 2 (gases), Class 7
(radioactive), combustible liquids or ORM materials. Section 173.2 contains a table listing the
hazard classes, their names, and those sections which contain definitions for classifying
materials.

Multi-Class Materials

Frequently materials will have properties which meet the definition of more than one hazard
class. In such cases, the shipper must classify the material according to the Precedence of
Hazardous Table in §173.2a. The Table in that section determines which is the "primary
hazard class (or division),” or "how the material is classed.” The primary hazard class (or
division) is shown on shipping papers and is used to determine placarding (warning signs on
vehicles) and other operating requirements for the carrier. Other hazards a materials may have
are called "subsidiary hazards" and will be communicated through additional shipping paper
entries and/or hazard waming labels on the packages. As an example, Crotonaldehyde,
stabilized, is a material that is Class 3 (flammable liquid), Packing Group I, and also Division
6.1 (poisonous). According to the table in §173.2a, this material would have a primary hazard of
Class 3 and would be identified on the shipping paper as having a subsidiary hazard of Class
6.1.
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DEFINITIONS

Definitions of Terms

You will be learning many new terms during this course so it is important that you know what
these terms mean.

General Definitions: These apply throughout the regulations and are found in §171.8.

Specific Definitions: These apply to a specific subject and are found in the section(s)
dealing with that subject. (See 173.403 for Radioactive Materials definitions.)

Turn to §171.8. Locate the following general definitions, read them carefully, and highlight the
subject for future reference.

Bag Hazardous Waste Package

Box Inner Packaging Packaging

Bulk Packaging Inner Receptac'~ Packing Group

Cargo Tank Limited Quantity Person

Class Manufacturer Portable Tank
Combination Packaging * Marking Primary Hazard
Compatibility Group Mixture v Proper Shipping Name
Composite Packaging Mode Reportable Quantity
Consumer Commodity Non-Buik Packaging Shipping Paper
Division - ; NOS Solution

Flash Point - NRC Strong Outside Container
Freight Container ORM Subsidiary Hazard
Hazardous Material Outer Packaging Technical Name
Hazardous Substance Overpack Transport Vehicle

Definitions of Hazard Classes

The hazard class definitions are not found in §171.8. Each class (or Division) is referenced to
another section containing the specific hazard class (or Division) definition. The following pages
contain work projects to help you become acquainted with the specific hazard class definitions.
Remember these are definitions of hazard classes for Department of Transportation purposes.
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49CFR CLASS/DIVISION REFERENCE TABLE

Class or Definition
Division Name

1.1

1.2

1.3

1.4

1.0

1.6

2.1

2.2

2.3

4.1

4.2

Explosive *2
Explosive *2

Explosive *2

‘Explosive *2

Explosive *2
Explosive *2
Flammable Gas
Non-Flammable
Gas

Poisonous Gas
Flammable
Liquid
Combustible
Liquid
Flammable
Solid

Flammable
Solid

Ref.

173.50

173.50
173.50

173.50

173.50 -
173:50

173.115(a)
173.115(b)
173.115(c)
173.120(a)

173.120(b)

173.124(a)

173.124(b)

Examples **

Black powder
Rocket motors
Fireworks Type C

Squibs

Water gels

Propane

Nitrogen

Chlorine

Benzene

Diesel fuel

Matches, Safety

Fibers, Animal

Part II-7

Type of Hazard **

Mass explosive
Projection hazard
Fire w/minor blast or projection

Small hazard, normally kept to

package

«uscasitive but mass explosion
Insensitive articular mass explosion

Contents under pressure and
flammable

Contents under pressure

(300kPa/44PSIA)

Contents under pressure and
poisonous

Flash point equal to or less than
141°F (60.5°C)

Flash point equal to or more
than 100°F can be reclassified for
highway or rail .

Cause fire by friction, readily
combustible

Spontaneous combustion



4.3

5.1

5.2

6.1

6.2

ORM-D

Flammable
Solid

Oxidizer

Organic
Peroxide

Poisonous
Infectious
Substances

Radioactive
Material

Corrosive

Miscellaneous

Consumer
Commodity

173.124(c)

173.127(a)

173.128(a)

173.132(a)

173.134(a)

173.403(y)

173.136(a)

173.140(a)
173.140(b)

173.144

Calcium Carbide

Potassium Bromate

Acetyl Benzoyl

Peroxide

Parathion Liquid

AIDS virus

Uranium-234

Muriatic Acid

Dry-ice

Haz. Substance/

Waste

Drugs

Reacts with water and spontaneously
combustible/give off flammable gas

Yields oxygen readily

Thermally unstable

Poison based on LD50 or LC50
i.e. Oral LD50 500mg/kg (liquid)

Viable micro-organisms causing
disease in humans/aninais

Activity greater than 0.002 uCi/g
(74k Bg/kg)

Destroys skin when exposed < 4
hours or corrosion rate = .25
IPY

Oxygen deprivation

Effect on environment

Regulated domestically only

* Also have compatibility groups for explosives (Table 1, 173.52(b)).

** Summary only, check definition sections for specific.
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A.

S

CLASSIFYING HAZARDOUS MATERIALS USING 49CFR

TEP 1

1.

Hazard Class

For a material to be regulated as a Hazardous Material under 49CFR it must meet the
definition of one of the classes contained in Section 173 of 49CFR. The first step is to
determine IF THE MATERIAL BEING SHIPPED is regulated as a hazardous material
meeting the criteria of one or more of the classes and packing groups contained in
Section 173 of 49CFR. If the material being shipped does NOT meet any of the criteria
of one or more of the classes contained in Section 173 of 49CFR, it is not regulated as
a hazardous material. If the material being shipped meets the criteria of one or more
of the hazard classes contained in Section 173, the material is regulated as a hazardous
material. The next step would be t~ find the most appropriate PSN listed in Column 2
of the Hazardous Material 1able (HMT) with Column 3 and 5 entries that are the same
Class and Packing Group as the hazardous material being shipped. The class or
division and packing group if applicable, governs the selection of the PSN and other
information related to it.

ILLUSTRATION:

A paint that has a flash point of 68°F (20°C) and an initial boiling point of over 95°F
(35°C) would be regulated as a Class 3 with a Packing Group of II. The Hazardous
Material Table contains two potential entries for the PSN paint, illustrated in Figure 2.
The entry that must be used is the first one because the hazard class (Column 3) 3 and
the Packing Group (Column 5) II agree with the class and packing group of the
material.
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Classification Terminology (Class numbered 1 through 9).

Each has its own definition which will be-found in Subparts C and D, corresponding to
the class "number" within Section 173 of 49CFR. The first paragraph within the section
will contain the Class Definition. illustrates Subsection 173.120 which contains
the definition paragraph for "Class 3 Flammable Liquids.” A complete listing of the
definition, references, and a summary of the hazards related to each class will be found
in Figure 4 on pages III-7 and III-8.

- Divisions. ‘Hazardous Material Classes 1, 4, 5;-and ‘6 are* broken down into divisions
which are indicated by a decimal number after the primary class number. Reference to
the Figure 4 Hazard Class: definition reference, division, and packing group o

indicates that Class 4 has three divisions. The number to the left of the
period is the class and the number to the right of the period is the division. Division 4.3
is Division 3 of Class 4.

. Packing Group, or the degree of hazard. The class or division represents the type of
hazard associated with the hazardous material. The packing group represents the degree
of that type of hazard within the transportation system. Where applicable the packing
group will be an upper case Roman numeral I, II, HI.(172.101(f). The lower the
packing group number, the greater the degree of risk and the more it will be regulated.
Among other things, the packing group dictates the entries in Column 5 of the Hazardous
Materials Table (HMT) to be used, governs the drop test for UN packaging, is a code
marked on UN specification packaging, and is a required entry on the shipping paper for
hazardous material. '

Packing Group I - Greatest degree of risk - Most regula'ted;

Packing Group II - Moderate degree of risk - Moderately regulated.
Packing Group Il - Least degree of risk - Least regulated, but still regulated.

For materials specifically identified by their technical name in the HMT, the packing
group if applicable, will be found in Column 5 of the entry. In addition, certain classes
and divisions such as 3, 4.1, 4.2, 4.3, 5.1, 6.1 and 8 have packing group criteria which
must be considered in classifying hazardous materials not specifically identified in the -
HMT by their chemical (technical) name (173.2a). The packing group if applicable, will
be found in Column 5 of the HMT for the entry. In addition, Classes 3, 6, and 8 have
packing group criteria which must be considered in classifying hazardous material not
specifically identified in the HMT by their chemical (technical name) (173.2).

The packing group criteria will usually be found in a paragraph or paragraphs which
closely follow the definition paragraph. - illustrates this point for "Class 3
flammable liquids”. The packing group criteria is found in Paragraph 173.121(a) which
comes immediately after the Definition Paragraph 173.120.
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173.120 Class 3 = FLAMMABLE LIQUIDS
Definition of Class 3 Hazardous Material

173.120(a) Means any liquid having a flash point of not more than 60.5°C (141°F) with the

following exceptions:

® .Any.liquid. meeting one of the definitions specified in 173.115.

® Any mixture having one or more components with a flash point greater than 60.5°C (141°F)
or higher making up at least 99% of the total volume of the mixture.

PACKING GROUP CRITERIA - 173.121

Packing Group Flash Point (Closed Tup) Initial Boiling Point
I ‘ < 95°F (35°C)
I < 73°F (23°C) > 95°F (35°C)
I = 73°F (23°C) but > 95°F (35°C)

< 141°F (60.5°C)

Technical Name. Recognized chemical name currently used in technical and scientific
texts, formulas, and handbooks (171.8). '

Technicallv Pure. As used in this text the term Technically Pure means a material
(chemical) as it is commonly manufactured without the addition of any outside
ingredients which would cause it to become a mixture or solution. It includes those
impurities which are a natural result of the manufacturing process.

a. The Classification of Hazardous Materials

(1) Technically Pure Materials Specificaily Identified by Their Technical Name. As
a general rule, technically pure materials specifically identified in Column 2 of
the HMT with a PSN that is their specific chemical or technical name will be
regulated under the class specified in Column 3, and the packing group shown
in Column 5 for the entry. Reference to Columns 2, 3, and 5 in Figure 5 for
"technically pure acetone” indicates its PSN is acetone, it is regulated as a Class
3, and has a Packing Group of II.
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b.

Mixtures and Materials not Specifically Identified Technical Names. Mixtures and
materials NOT specifically identified in Column 2 of the HMT by a PSN that is their

specific chemical or technical name must be classified by:

(1) Comparing their characteristics against the criteria listed in the appropriate
Section 173.XXX to determine the class or classes under which the material is
regulated, if any. A complete list of the classes, definitions, references, and a
summary of the hazards involved will be found in Figure 4 on Page III-7 and III-
8.

For Classes 3, 4, or 8 and Divisions 5.1 and 6.1, classify by:

(2) Comparing their characteristics against the packing group criteria to determine
the packing group.

(a) Technically Pure Chemicals. Technically pure Ethyl Cyclohexane has a
flash point of 95°F (35°C) and an initial boiling point over 95°F (35°C) and
is not listed by its chemical name in Column 2 of the HMT. A comparison
of the characteristics with the different hazard class definitions in Section
173.XXX of 49CFR leads to the possibility of the material being regulated
as a "3" flammable liquid. Information from Section 173.120 of 49CFR is
contained in Figure 3. A comparison of the characteristics of Ethyl
Cyclohexane against the Definition Paragraph 173.120 indicates that Ethyl
Cyclohexane is regulated as a Class 3 flammable liquid because its flash point
is less than 141°F (60.5°C). Further, a comparison of the flash point and
initial boiling point of Ethyl Cyclohexane would be in Packing Group III
because the flash point is above 73.4°F (23°C) and the initial boiling point
is above 95°F (35°C). The PSN, class, UN number, and packing group
would be: Flammable Liquid, n.o.s. (contains Ethyl Cyclohexane), 3, UN
1993, PG II.

(b) Single Class Mixture. A mixture of Acetone and Benzene having a flash
pomt of 76°F (24.4°C) and an initial boiling point of more than 95°F (35°C)
and is not specifically identified in Column 2 of the HMT by its chemical
name would be classified as follows. Although both Acetone and Benzene
are listed separately, their mixwmre is not. A comparison of the
characteristics of the mixture against Class 3 definition and packing group
criteria illustrated in Figure 4 indicates that the mixture of Acetone and
Benzene would be classed as a "3" and have a Packing Group of "II",
because the initial boiling point is above 95°F (35°C) and the flash point of
76°F (24°C). The PSN, class, UN number, and packing group would be:

Flammable Liquid, n.o.s. (contains Acetone/Benzene), 3, UN 1993, PG III.
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(c) Multiple Class Materials or Mixtures. If a material that is not specifically
identified in Column 2 of the HMT by its technical name or a mixture of
materials that meets the definition of more than one class must be classed in
accordance with the precedence indicated in Section 173.2a of 49CFR. For
hazardous materials Classed as 3, 4.1, 6.1, or 8, the precedence is
determined by the table in 173.2(b). Reference to the table will show that
a mixture of Menthanol and Potassium Hydroxide meeting the definitions of
a Class 3, Packing Group II and a Class 8, Packing Group II would be
classed as a Class 3, Packing Group II because that is the class and packing
group which appears at the point in the table where the two classes and
packing groups of the material cross each other. The subsidiary risk of the
mixture would be Class 8, Packing Group II. The PSN, class, UN number,
packing group would be:

Flammable Liquid, Corresive, n.o.s. (contains Methanol/Potassium
Hydroxide), 3, UN2924, rG II.

(d) Subsidiary Risk Under 49CFR. In addition to the determination of the
primary hazard class, a determination must also be made as to the
applicability of the subsidiary risk, if any. In general, the term Subsidiary
Risk is an international term for additional labeling and Will Most Often
apply to materials meeting the definition of more than one hazard class.

® For materials being shipped in their technically pure form that are
specifically identified in the HMT Column 6 as an additional label to the
class label.

Reference to Column 6 for the entry Allyl Acetate shows a second label
of Poison in addition to the Class Label "Flammable Liquid."

® For materials or mixtures not specifically identified in the HMT by their
chemical or technical names, the subsidiary risk determination is an
extension of the classification process requiring a determination as to the
additional hazard class definitions a given material meets. Once this
information is obtained, reference to the Section 172.402 Table as
illustrated in the section will give the subsidiary hazard.

DISCUSSION. The Methanol/Potassium Hydroxide Mixture discussed on page III-7 under
Item 1 (c) meeting the definitions of a Class 3, Packing Group II and a Class 8, Packing
Group II would be classed as a Class 3, Packing Group II because that is the class and
packing group which appears at the point in the table where the two classes and packing
groups of the materials cross each other. The subsidiary risk of the mixture would be "8"
and require a "Corrosive” label in addition the "Flammable Liquid" label.
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3. Zroper Shipping Name (PSN)

Importance of the Proper Shipping Name- The PSN determines the entry or line in the
HMT (172.101) that is used to make many other determinations such as mode

exceptions, hazard class, UN/ID number, labeling, UN packing groups, special
provisions, packaging instructions, passenger and cargo aircraft quantities, and vessel
storage requirements. The PSN is the key to regulatory compliance and safety. It is
a required mark on the package and a required entry on the shipping paper. If a
material has the wrong PSN the shipment cannot be considered neither safe nor in
compliance.

a. How to determine the most appropriate PSN, hazard class, identification number,
and packing group:

(1) General Rule, the most specific Column 2 entry in Roman print, the PSN is
ob .=~4 trom Column 2 of the HMT 172.101. The name ir. ..mn 2 of the
HMT 172.101 in Roman print that MOST appropriately (specifically) describes
the hazardous material being shipped MUST be used. In determining the most
appropriate PSN from Column 2, the most specific information available,
chemical name used, product use, etc., should be used in the following order:

® Chemical Name. If a material or mixture is specifically identified by its
chemical (technical) name in Column 2 of the HMT 172.101 the most
appropriate PSN will generally be that entry. This is most applicable when
shipping material in technically pure form and normal commercial
mixtures for solutions of such materials as Acetone or dry Calcium
Hypochlorite mixtures.

® Generic Chemical or Usage Name. If a material or mixture is not
identified in the HMT 172.101 by its chemical name, the next most
appropriate PSN would be the generic chemical or usage name listed in
Column 2 of the HMT 172.101 that best describes the hazardous material
being shipped. Examples of such PSNs would be Alcohol, n.o.s.;
Organophosphorus pesticides, liquid, toxic, n.o.s.; Paint.

® General Hazard Class Entry. If the hazardous material is not more
appropriately (specifically) identified in Column 2 of the HMT by any of
the above it must be identified by the most appropriate General Hazard
Class Entry in Column 2 such as Flammable Liquid, n.o.s; Corrosive
Liquid, n.o.s.; Flammable Liquid, Poisonous, n.o.s.; etc.
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(2) Using Column 2 of the HMT 172.101 the PSN for a shipment of technically

(€))

C

pure Acetone is Acetone. This is determined as follows:

® Is the chemical name listed in Column 2 of the HMT in Roman print? The
PSN MUST be Acetone. Flammable liquid, n.o.s. would not be an
appropriate PSN even though Acetone is a flammable liquid because there
is a more specific name in Column 2. In most cases the chemical or
technical name listed in Column 2 will be the PSN.

Technically pure Ethyl Cyclohexane with a flash point of 95°F (35°C) meets
the DOT definition of a flammable liquid and is used in organic synthesis.
Using Column 2 of the HMT, the PSN for this material in its technically pure
form would be determined as follows:

® s the chemical name listad in Column 2 of the HMT in Roman print? No.

® Is a generic chemical or usage name listed in the HMT? No.

® Select the general hazard class entry from Column 2 of the HMT 172.101
that is most appropriate for the hazardous material being shipped:
Flammable Liquid, n.o.s. (Ethyl Cyclohexane)

Specifically Listed Materials Mixture Rule. Generally, if a hazardous material
that is listed in the HMT 172.101 by its chemical (technical) name is MIXED
with other materials that are not regulated as a hazardous material the PSN
Must Be the chemical name of the listed material. The PSN for Acetone in its
technical pure form, and in a mixture is the same - Acetone. The words
"Mixture" or "Solution” as appropriate shall be added to the PSN in Column
2 (172.101(c)(10).
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PERFORMANCE-ORIENTED PACKAGING

PACKAGING MUST MEET PERFORMANCE-ORIENTED STANDARDS

The U.S. DOT non-bulk specification packaging requirements are replaced by a system of
performance-oriented packaging (POP) standards. This system helps shippers and
manufacturers design packages suitable for the environments in which the shipment is
transported. The UN "package performance" system provides a more rational and uniform basis
for making packaging assignments. The POP system and standards emphasize risk avoidance
and incident prevention.

PACKAGING MUST FIRST BE TESTED AND MARKED

Successful passage of the UN drop, leakproofness, hydrostatic pressure, and stacking test
determines the UN marking of the package. This UN marking certifies that in transportation, the
packaging is ap~ropria. 2 for the level of hazard contained.

PERFORMANCE-ORIENTED PACKAGING AND INTERNATIONAL STANDARDS
e RN BV PALRALING AND INTERNATIONAL STANDARDS

The performance-oriented packaging system is not a verbatim repetition of the international
standards. Deviations have been made based on public comments and on U.S. DOT's own
initiative. Some of these deviations include:

> For liguids and gases poisonous by inhalation, the new rules in HM-181 go beyond the
UN system. Bulk and non-bulk packaging are upgraded for these high-hazard materials.

- A vibration standard has been added to ensure an acceptable level of safety because the
international standards were believed inadequate. Packagings must be capable of
passing this test.

. Domestic packaging exceptions are provided to account for transportation stresses
unique to the U.S. distribution system.

MANUFACTURER/CERTIFIER/SHIPPER RESPONSIBILITY - GENERAL
e RN R ITIERSHIPPER RESPONSIBILITY - GENERAL

Packaging manufacturers or others that certify that package design types meet HM 181 and
shippers who prepare packagings for shipment, SHARE THE RESPONSIBILITY FOR
MAINTAINING THE STRUCTURAL INTEGRITY OF PACKAGES when they are transported
under normal transportation conditions.

Manufacturers/Certifiers

, Packagings are developed, tested, and marked by manufacturers or other persons who
certify that the resulting design types perform to the hazard levels of the materials they
are intended to contain.

> Shippers ensure that hazardous materials are properly certified to have met Part 178
requirements and are in proper condition for transportation.
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MANUFACTURER/CERTIFIER/SHIPPER RESPONSIBILITY - SPECIFIC
___——_—_m———

Any person who certifies that a package complies with a DOT or UN standard:

- Applies the mark or directs another to apply it.

> Produces single or composite packagings, and applies the certifying mark before
distribution.

> Assembles and closes a design type combination packaging, tests the completed

package, and applies the certifying mark. (1 78.2(b))

THE CERTIFYING MARK SHOWS THAT:

> All requirements and performance tests of a DOT or UN standard have been met, and

4 Everything the manuf- ~*ar uoes to establish a certified packaging, complies with. .-
HM 181 requirements.

WRITTEN INSTRUCTIONS

The person who certifies a design type not in "full” compliance must provide written instructions
to users on "how to bring a package into full compliance with the HM 181," before it is offered for
transportation. (178.2(c))

FOR EXAMPLE: A drum manufacturer may not have provided a required closing device with the
unit he sold to a shipper. The manufacturer must notify the shipper of the types of closure
required to meet the performance requirements in Subpart B of Part 173.

SHIPPER RESPONSIBILITIES - SPECIFIC

BEFORE OFFERING A PACKAGE FOR TRANSPORTATION, a shipper must make sure the
package complies with HM_181 packaging requirements; i.e., the shipper must:

> Complete all functions needed to bring a package into compliance (Part 178 -
certifier's notification requirements). ‘

> Ensure that under normal transportation conditions, the package maintains
structural integrity (designed, built, filled, and closed properly).

> Packagings are compatible with lading.

> Packagings marked "USA" are capable of withstanding vibration test.

> Ensure compliance with packaging standards (Subpart L) and performance test

requirements (Subpart M) of Part 178.

TESTING OF NON-BULK PACKAGINGS AND PACKAGES
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Subpart M of Part 178 prescribes certain testing requirements for performance-oriented
packagings identified in Subpart L of Part 178.

The test procedures are intended to ensure that packages containing hazardous materials can
withstand normal conditions of transportation and are considered minimum requirements.

Each packaging must be manufactured and assembled so as to be capable of successfully
passing the prescribed tests and conform to the requirements of 173.24 (General requirements
for packagings and packages) at all times while in transportation. (178.600(a))

RESPONSIBILITY

It is the responsibility of the packaging manufacturer and the person who offers a hazardous
material for transportation (dual responsibility), to the extent that assembly functions including
final closure are performed by the person who offers the hazardous material, to assure that each
package is capable of passing the prescribed tests.

A. Desian Pac’tage

The non-bulk performance-oriented packaging standards for packaging design are listed in
Subpart L of Part 178. These standards are summarized in the following charts.

CHART 11 - GENERIC UN Packaging Standards
§178.504 1A Steel Drums §178.516 4G Fiberboard Boxes
§178.505 1B Aluminum Drums §178.517 4H Plastic Boxes
§178.506 1N Other Metal Drums §178.518 SH Woven Plastic Boxes
§178.507 1D Plywood Drums §178.519 5H4 Plastic Film Bag
§178.508 1G Fiber Drums §178.520 5L Textile Bag
§178.509 1H Plastic Drums and §178.521 SM Paper Bag

Jerricans §178.522 6HA Composite Packaging
§178.510 2C Wooden Barrels (inner plastic
§178.511 3A Steel Jerricans receptacle)
§178.512 4A Steel/Aluminum Boxes §178.523 6PA Composite Packaging
§178.513 4C Wooden Boxes (inner glass or
§178.514 4D Plywood Boxes stoneware

receptacle)
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CERTIFICATION (ID CODES) §178.502
TYPES OF PACKAGES
Number = type of.package

1 =drum 4 = box
2 = wooden barrel 5 =bag
3 = jerrican 6 = composite packaging

7 = pressure receptacle

Capital Letter = construction material

A = steel ' G =fiberboard

B = aluminum H = plastic

C = natural wood L = textile

D = plywood M = paper, multi-wall
F = recc. stituted wood N = other metal

P = glass, porcelain, stoneware

Number = category of packaging

= non-removable head 2 = removable head

Number = type of package

1 =drum 4 = box
2 = wooden barrel 5 = bag
3 = jerrican 6 = composite packaging

7 = pressure receptacle

Capital Letter = construction material

A = steel _ G = fiberboard

B = aluminum H = plastic

C = natural wood L = textile

D = plywood M = paper, multi-wall
F = reconstituted wood N = other metal

P = glass, porcelain, stoneware

Number = category of packaging

e.g., drum:
1 = non-removabie head 2 = removable head
e.g. bags:
5M1 = muiti-wall bag 5M2 = multi-walled water resistant
bag

B. Test Package
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General

For liquid or solid hazardous materials required to be shipped in DOT or UN
specification packaging, each "design type" package must:

¢ Conform to the appropriate standard in Subpart L;
¢ Pass the design qualification tests in Subpart M.

For specific details on testing, review §178.601 - §178.608.

Design qualification tests may be.conducted by any person who certifies the
design type, that is:

¢ Manufacturer,
¢ DOT-certified third-party laboratory, or
¢ Non-certified testing agency to self-certify. (see 49 CFR 107.403)

Under performance standards, there are no du..i.. 1 package specification
requirements. Instead, "manufacturers” must maintain their own sets of detailed
package test resuits. In effect, full detain documentation of "what was
successfully tested” establishes the desian type of the package. Test reports
should contain enough detail to prove that the design type:

¢ Withstood the appropriate tests, and
¢ Meets all applicable UN standards

A summary of the design qualification tests is shown in the following chart.
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DESIGN QUALIFICATION TESTS

TESTING OF DESIGN TYPES: Samples bf- package design types containing the hazardous (or
equivalent substitute) materials they are intended to carry are tested according to:

¢ The hazard level of the materials (expected by Packing Groups |, II, i)
L The vapor pressure or density of the material
¢ - The nature of the material, liquid, or solid

DROP TEST (§178.603)

¢ . Required for. all packagings for-both liquids and solids

. Required for all Packing Groups

+ Drop height varies depending on the Packing Group

¢ Within a Packing Group, drop height increases with increasing specific gravities above 1.2

LEAKPROOF TEST (§178.604)

¢ Required ... u.. packagings intended for liquids (except for inner packagings ut cornbination
packagings)

* Required for all Packings Groups

¢ Pressure required varies, and depends upon the Packing Group

HYDROSTATIC PRESSURE TEST (§178.605)

¢ Required for all packagings intended for liquids (except for inner packagings of combination
packagings)

* Pressure applied to the test sample depends upon the vapor pressure of the hazardous material

¢ Minimum test pressure for Packing Group | is 250 kPa

STACKING TEST (§178.606)
¢ Required for all packagings for both liquids and solids

COOPERAGE TEST (§178.607)
¢ Required ONLY for bung-type wooden barrels

VIBRATION STANDARD (§178.608)
¢ All non-bulk packagings marked "USA" must be capable of withstanding vibration test

COMBINATION PACKAGING TESTS

¢ Completely assembled combination packaging design types must undergo the drop and stacking
tests.

¢ inner packagings of combination package design types are not subject to leakproof or hydrostatic
tests.

NOTE: For air transport, inner packagings must be capable of withstanding hydrostatic pressure tests to
accommodate changes in altitude and temperature.
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2. Retain Testing Documentation

¢ For as long as packages are produced PLUS an additional TWO YEARS,

¢ For each successfully tested design type,

¢ At each location where manufactured, and '

. At each location where tested. - (178.601(k)(1), (2))
3. Selective Testing - Variations to Packagings

"Selective" testing is an allowable design change without design qualification
testing. HM-181 offers two variations: additional variations will soon be
authorized.

SELECTIVE TESTING VARIATIONS (178.601(g))

Al variations must offer an equal or greater level of pe " ance.

Variation Condition
l. Inner packaging Variation offers equal or greater level of
performance.

I Inner packaging of different design  Original design type withstands PG | drop test with
the most fragile (glass) inner packaging.

Future Variations (Published as Competent Authority Notice)

Up to 25% variation in outer dimension Single or composite packaging
V. Reduced dimension of outer packaging Combination packagings
Different closure and/or gasket device Replacement closures and gasketing must

be qualified through a test procedure.

4, Periodic Design Requalification, Production Testing §178.601

Periodic design requalification tests provide quality control in the production of packages
built to design (tested/passed) types. The package "manufacturer” must requalifyx
design types, as shown in Chart 15.

THE "UN" CERTIFICATION MARK IS THE KEY TO THE PERFORMANCE-ORIENTED SYSTEM

ADOPTED BY DOT UNDER HM-181. The following chart lists identification codes for the
certification mark.
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Manufacturer Marking Requirement §178.503

By October 1, 1996, every package is required to conform to the prescribed U.N. Standards. The
required markings must be made in the sequence shown.

CERTIFICATION (Marking)

EXAMPLE MARKING DEFINITION

n 1. The United Nations symbol

(1A1) 2. Type of packagings (i.e., a nonremovable head steel drum)

XY,Z 3. Letter (X, Y, or Z) indicating packaging performance standard
appropropriate to the hazardous material contained. "X" = PG |, II,
I "Y" = PG I, Ill; and "Z" = PG Il

(145)

e

A designation of the specific gravity or gross mass which the
package design type was tested.

o

Single and composite packages (for liquids) give test pressure in
"kilopascals," or packages (for solids or inner packages) the letter
"S." .

(kPa) OR (S)

(91) 4 6. Last two digits of year of manufacture of package. Plastic drums and
herricans must be marked with a month of manufacture.

(USA) 7. The letters "USA" indicate the packaging was marked in accordance
with U.S. requirements.

(M1004) 8. Name and address or symbol of the manufacturer or the approval
agency certifying compliance with the UN standard. (Note: Do not
have to register beforehand with U.S. DOT, if using name and
address of manufacturer.)

(SP) 9. The letter "V" indicates a combination package — selective testing
variation #2. "V" signifies that a combination packaging has passed
PG I drop test with the most fragile inner packaging.

(0.9mm) 10. For metal or plastic drums or jerricans, intended for reuse, express
the minimum thickness in millimeters, abbreviated "mm."

(RL) 1. Reconditioned packaging marking.
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The mark must be accessible, permanent, legible, durable, and clearly visible. Minimum letter
size is 12.0 mm (0.5 inch) or 6.0 mm (0.25 inch) depending on package size.

Manufacturer Marking Requirement Examples

EXAMPLE 1
/u\ 4G/Y145/8/90  Fiberboard box/PG Il-145/Solid/1990
< n > USA/RA Correctly marked/manufacturer's name and address or
S~ registered symbol
EXAMPLE 2

1A1/Y1.4/150/90 Removable head steel drum/PG-11 and specific

@ gravity/test pressurejyear
n

USA/VL824 USA (correct marking)/manufactuer's name and
address or registered symbol

tmm Thickness in mm

D. Non-Bulk Package Reuse and Reconditioning

Basic package reuse and reconditioning requirements are retained in HM-181. Section 173.28 is
revised in HM-181 for clarity, simplicity, and application to a broader spectrum of packages.

Permitted drum reuse is based on requirements in Part 173 for maintaining original design type
integrity of packages under normal transportation conditions. :

1. Before reuse, packages must:
¢ Pass a leakproofness test of internal air pressure:
= 7 psi for PG | liquids
u 3 psi for PG Il liquids
= 3 psi for PG Il liquids

¢ Comply with the required minimum thickness permanently marked in
millimeters (mm) on the packaging (drums and jerricans only)

2. If reused without reconditioning, packages must be marked with:
¢ The name and address or symbol of the person who conducted the
‘ successful leakproofness test:
¢ The month and last two digits of the year of the test; and
¢ The letter "L" — indicates successful passage of test.
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3. If reconditioned, packages must be marked with:

¢ The name and address or symbol of the reconditioner, and
¢ Th letter "L" (passed leakprodfness test).

A reconditioned package is marked near the original design-type certification mark.

CERTIFICATION (RECONDITIONING) §178.503

~-Country where reconditioning was performed

Reconditioner's name, address, or DOT-registered symbol

Month/two-digit-year reconditioned, e.g., 4/90

The letter "R" (reconaitioried); the letter "L" (leakproofness /

tested/passed)

Non-Bulk Package Reuse and Reconditioning Examples

EXAMPLE 1
RS
U \ 1A2/Y1/4/150/88 Removable head steel drum/PG Il and specific
n gravity/test pressure/year i
USA/VL824/1mm Country authorizing/manufacturer's name and address or
registered symbol/thickness in mm
USA/M-1002/07/91/RL USA (correct marking)/reconditioner's name and address
or registered symbol/date reconditioned/leakproofness
tested
EXAMPLE 2
u 1A2/Y1.4/150/88 Removable head steel drum/PG-I! and specific

gravity/test pressure/year

USA/VL824/1 mm Country authorizing/manufacturer's name and address or
registered symboi/thickness in mm

USA/RB/10-90/RL USA (correct marking)/reconditioner's symbol/date
reconditioned/leakproofness tested
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ARTZONA STATE UNIVERSITY
and

Rice Services Institute, Inc., 2240 East El Moro Averme

Mesa, Arizona 85204-4523, (602) 507-5217

GENERATOR’S. PROCEDURE

Sectian for the material. (Air or Water, Damestic,
International, or Plus Sign ")

(Using 40/49CFR)
Reference
Step 1

1. Determine the hazardous waste mmber far the 40CFR, Part
material. (Once a Waste Number is assigned you 261, Subpart C
have a Hazardous Material) &D

*kkk Note *kkk
. ALL “HAZMAT*' EMPIOYEES MUST BE TRAINED IN THEIR 49CFR,
FUNCTIONS AS TO THE REQUIREMENTS OF 49CFR, (ETTHER H, (172.704)
AWARENESS /FAMILIARTZATION ar FUNCTION-SPECIFIC)

2. Determine the Hazard Class or Division, and the GENERATOR’S
Packing Group. If the material meets any of the knowledge of
Hazard Class Definitions listed in Part 173 "You thamtenal
Have A Hazardous Material." shipped

(MsDS’s, Test)

a. i Name: (technical grade, or

pure go to the Hazardous Material Table to

find the required information)
b. Items Not Listed : (generic chemicals,

generic use, hazard description, mi

solutions, and miltiple hazards) Deftermm

theHazaniClmsormwsmarﬂPadungGrulp.

Hazard Class or Division

Packing Group

3. Using the Hazardous Material Table Determine the 172.101 (BHMT)
a. Proper Shipping Name Colum 2
b. Hazard Class Colum 3
c. Identification Number Colum 4
d. Packing Group Colum 5

4. Modes or Types of Transpartation the material is 172.101 (BMT)
regulated by, unless Excepted in the Packaging Column 1
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Step 2

Hazardous Substance Appendix A
1. mte:m:i.ren?yulhaveanamsmsmhn ix "A" to
(2) things are needed. 172.101 & 171.8
a. The material must be listed by name in Column Colum 1
1 of the Appendix to 172.101.
b. You must have equal to or Greater than the Colwmn 3
amount listed in Colum 3 of the Appendix to
172.101.
Marine Pollutants Appendix B
2. Determine IF you have a Marine Pollutants "p" to|
. 172.101 & 171.8
a. Transportation by water, bulk .and non bulk 172.322(a),(b)
1. Marine pollutant 10% by weight 171.
2. Severe marire pollutant 1% by weight 171.8
b. Transportation by other than water, bulk 172.322(b)
1. Marine pollutant 10% by weight 171.8
2.S@eremimpol1utant1%hyweigm: -171.8
(2ny material meeting this definition is requlated by 171.8
allmof'n:anspurtaum)
3. Special Provisions; Check the special provisions Colum 7
in Colum 7 far the material as packaged. am
172.102. 172.102
Step 3
1. Determine if an exception is authorized for the 172,101
material being shipped. (Muost bave a reference Colum 8A
in Colum 8A of the Hazardous Materials Table)
Are ywmgoingtouse it? yes mno_ , none
2. lban:q:tlmauﬂnnzedormtmm,m 172.101 (BMT)
ﬁ:eltenmsthemWSpemfmm Colum 8B
referenced in Column 8B
3. msmemlp]ewdmtepadapmetsﬂn .173.12
requirements as appropriate
4. Irsmeamplebedpad;aqeneetsstamhnipadmgng 173.24, 24a,

Part 11-29



1.

Step 4
Marking the Package

(for n.o.s. emntries give technical name(s))

(the word "™WASTE" not required if marked under EFA)

172.301(a)
172.301(a)(2)
40 CFR 262.32

2. Mark the Identification Number an your package 172.301(a)(1)
3. Mark consignar, consignee name and address -172.301(d)
4. Additional marking (as required) ,
a. i i 172.301(c)
b. Previous marked packagings 172.301(e)
c. OR¥D materials 172.316(a)
d. Explosives 172.320
e. Orientation marking 172.312
f. Radicactive materials 172.310
g. Hazardous Substance (Add RQ & the name or 172.203(c)
waste mmber that makes it a RQ)
h. Poison Inhalation Hazard 172.313
i. Owepacks 172.301 &
173.25
j. Hazardous Waste in non-bulk 172.300’s &
(Sticker (Iabel) may be used) 40CFR,262.32(b)
{(a) Statement
(b) Generators Name and Address
(c) Manifest Document mmber
k. Specification Packaging | 178 Subpart L
&M
Reference
Step 5
Iabeling the Package
1. Iabel the Package using the label(s) required 172.400(a)
in Colum 6 (unless excepted from labeling such :
as "Limited Quantity" or small quantity. 172.400a
2. With an appropriate additional label or miltiple 172.402

as may be required.
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Step 6

‘1. Uniform Hazardous Waste Manifest Entries Appendix to
Part 262
a. Key 1 thru 10
b. FKey 11 thar 16
(1) Proper Sn;png Name (and Technical 172.201(a)(1)
if required)(preceded by word Waste)
(2) Bazard Class ar Division (2)
(3) Identification Number (3)
(4) Padum &wp (¥G) (4)
(5) 172.203(c)
(6) nﬂm‘ and Type of cantainers
(7) Total Quantity 172.201(c)
(8) Unit (Wt/Vol)show G,P,T,Y,L,K,M ar N
(9) Emergency Respanse. 172.600’s
. (a) EMERGENCY CONTACT lhne mmber in 172.604(a)
Yey 4 ar 15
(b) Emergency Response mfumt:lm 172.0u2(a), (b)