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Introduction

Accidents may occur during handling of drums and other
hazardous waste containers. Hazards include detonations,
fires, explosions, vapor generation, and physical injury
resulting from moving heavy containers by hand and
working around stacked drums, heavy equipment, and
deteriorated drums. While these hazards are always pres-
ent, proper work practices —such as minimizing handling
and using equipment and procedures that isolate workers
from hazardous substances —can minimize the risks to
site personnel.

This chapter defines practices and procedures for safe
handling of drums and other hazardous waste containers.
It is intended to aid the Project Team Leader in setting up
a waste container handling program. In addition to read-
ing this chapter, the Project Team Leader should also be
aware of all pertinent regulations. OSHA regulations {29
CFR Parts 1910 and 1926) include general requirements
and standards for storing, containing, and handling chem-
icals and containers, and for maintaining equipment used
for handling materials. EPA regulations {40 CFR Part 265)
stipulate requirements for types of containers, main-
tenance of containers and containment structures, and
design and maintenance of storage areas. DOT regula-
tions (49 CFR Parts 171 through 178} also stipulate
requirements for containers and procedures for shipment
of hazardous wastes.

Containers are handled during characterization and
removal of their contents and during other operations. A
flow chart showing one set of possible procedures for
drum handling is given in Figure 11-1. Guidance for safely
performing the procedures shown in Figure 11-1 is
provided in the following sections of this chapter. The
final section, Special Case Problems, describes the
handling of tanks, vaults, vacuum trucks, elevated tanks,
and compressed gas cylinders,

Inspection

The appropriate procedures for handling drums depend on
the drum contents. Thus, prior to any handling, drums
should be visually inspected to gain as much information
as possible about their contents. The inspection crew
shaould look for:

* Symbols, words, or other marks on the drum indicat-
ing that its contents are hazardous, eg., radioactive,
explosive, corrosive, toxic, flammable.

+ Symbols, words, or other marks on a drum indicating
that it contains discarded laboratory chemicals, rea-
gents, or other potentially dangerous materials in
small-volume individual containers (see Table 11-1).

* Signs of deterioration such as corrosion, rust, and
leaks.

* Signs that the drum is under pressure such as swell-
ing and bulging.

¢ Drum type (see Table 11-1).
* Configuration of the drumhead {see Table 11-2).

Conditions in the immediate vicinity of the drums may
provide information about drum contents and their
associated hazards. Monitoring should be conducted
around the drums using instruments such as a gamma
radiation survey instrument, organic vapor monitors, and
a combustible gas meter.

The results of this survey can be used to classify the
drums into preliminary hazard categories, for example:

* Radioactive.

* Leaking/detericrated.

* Bulging.

* Explosive/shock-sensitive.

* Contains small-volume individual containers of
laboratory wastes or other dangerous materials.

As a precautionary measure, personnel should assume
that unlabelied drums contain hazardous materials until
their contents are characterized. Also, they should bear in
mind that drums are frequently mislabelled —particularly
drums that are reused. Thus, a drum’s label may not
accurately describe its contents.

If buried drums are suspected, ground-penetrating sys-
tems, such as electromagnetic wave, electrical resistivity,
ground-penetrating radar, magnetometry, and metal
detection, can be used to estimate the location and depth
of the drums,
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Table 11-1. Special Drum Types and
Their Associated Hazards

Polysthyiens or Often contain strong acids or bases. ¥ the

PVC-Lined Drums lining s punctured, the substance usually
quickly corrodes the steel, resulting in a
significant leak or spill.

Exotic Metal Very expensive drums that usually con-

Drums (eg., alumi- tain an extremely dangerous matetial.

num, nickel, stain-
jess, steel, or other

unususl metal)

Single-Walled These drums have fittings for bath

Drums Used as » product filling and placement of an inent

Pressurs Vessel gas, such as nitrogen. May contain reac-
tive, fiammable, or explosive substances.

Laborstory Pacis Used for disposal of expired chemicals

and process samples from university
laboratories, hospitals, and similar institu-
tions. individual containers within the lab
pack are often not packed in sbsorbent
material. They may contain incompatible
materials, radicisotopes, shock-sensitive,
highly volatile, highly cormosive, or very
toxic exotic chemicals. Laboratory packs
can be an ignition source for fires at
hazardous waste sites.

Table 11-2. information Provided by

Drumhead Configuration
CONFIGURATION INFORMATION
Whote fid removable. Designed to contain solid
material.

Has a bung.

Contains a liner.

Designed to contain a liquid.

May contain a highly corrosive
or otherwise hazardous material.

Planning

Since drum handling is fraught with danger, every step of
the operation should be carefully planned, based on all
the information available at the time. The results of the
preliminary inspection can be used to determine (1) if any
hazards are present and the appropriate response, and

{2} which drums need to be moved in order to be opened
and sampled. A preliminary plan should be developed
which specifies the extent of handling necessary, the per-
sonnel selected for the job, and the most appropriate
procedures based on the hazards associated with the
probable drum contents as determined by visual inspec-
tion. This plan should be revised as new information is
obtained during drum handiing.

The purpose of handling is to (1) respond to any obvious
problems that might impair worker safety, such as radio-
activity, leakage, or the presence of explosive substances,
{2} unstack and orient drums for sampling, and {(3) if
necessary, to organize drums into different areas on site

to facilitate characterization and remedial action {see
Staging in this chapter). Handling may or may not be
necessary, depending on how the drums are positioned at
a site.

Since accidents occur frequently during handling, particu-
larty initial handfing, drums should only be handled if
necessary. Prior to handling, all personnel should be
warmned about the hazards of handling, and instructed to
minimize handling as much as possible and to avoid
unnecessary handling. In all phases of handling, person-
nel should be alert for new information about potentiat
hazards. These hazards should be responded to before
continuing with more routine handling aperations. Over-
pack drums (larger drums in which leaking or damaged
drums are placed for storage or shipment [see 49 CFR
Part 173.3(c)]) and an adequate volume of absorbent
should be kept near areas where minor spills may occur.
Where major spills may occur, a containment berm ade-
quate to contain the entire volume of liquid in the drums
should be constructed before any handling takes place. If
the drum contents spill, personnel trained in spill response
should be used to isolate and contain the spill.

Several types of equipment can be used to move drums:
{1) A drum grappler attached to a hydraulic excavator;

(2} a small front-end loader, which can be either loaded
manually or equipped with a bucket sling: (3) a rough ter-
rain forkfift; (4} a roller conveyor equipped with solid
rollers; and (5} drum carts designed specifically for drum
handling. Drums are also sometimes moved manually. The
drum grappler is the preferred piece of equipment for
drum handling. It keeps the operator removed fromn the
drums so that there is less likelihood of injury if the drums
detonate or rupture. if a drum is leaking, the operator can
stop the leak by rotating the drum and immediately plac-
ing it into an overpack. In case of an explosion, grappler
claws help protect the operator by partially deflecting the
force of the explosion.

Backhoe with drum grappler.

The following procedures can be used to maximize
worker safety during drum handling and movement:

* Train personnel in proper lifting and moving tech-
niques to prevent back injuries.

* Make sure the vehicle selected has sufficient rated
load capacity to handle the anticipated loads, and
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make sure the vehicle can operate smoothly on the
. available road surface.

* Ajr condition the cabs of wehicles to increase opera-
tor efficiency; protect the operator with heavy splash
shields.

¢ Supply operators with appropriate respiratory protec-
tive equipment when needed. Normally either a com-
bination SCBA/SAR with the air tank fastened to the
wehicle, or an airline respirator and an escape SCBA
are usad because of the high potential hazards of
drum handling. This improves operator efficiency and
provides protection in case the operator must aban-
don the equipment.

* Have overpacks ready before any attempt is made to
move drums.

* Before moving anything. determine the most appro-
priate sequencs in which the various drums and
other containers should be moved. For example, small
containers may have to be removed first to permit
heavy equipment to enter and move the drums.

* Exercise extreme caution in handling drums that are
not intact and tightly sealed.

* Ensure that operators have a clear view of the road-
way when carrying drums. Where necessary, have
ground workers available to guide the operator’s
motion.

Drums Containing Radioactive Waste

* i the drum exhibits radiation levels above back-
ground (see Table 6-2), immediately contact a health
physicist. Do not handle any drums that are deter-
mined to be radioactive until persons with expertise
in this area have been consulted.

Drums that May Contain Explosive or
Shock-Sensitive Waste
. Ifadnmismspectequomainmcplosiveorsl_\ock-
sensitive waste as determined by visual inspection,
seck specialized assistance before any handling.
e If handling is necessary, handle these drums with
axtrermne caution.

» Prior to handling these drums, make sure all non-
essential personnel have moved a safe distance away.

o Use a grappler unit constructed for explosive contain-

ment for initial handling of such drums.

e Palletize the drums prior to transport. Securs drums
to pallets.

* Ussa san audible siren signal system, similar to that
employed in conventional blasting operations, to
signal the commencement and completion of explo-
sive waste handling activities.

e Maintain continuous communication with the Site
Safety Officer and/or the command post until drum
handling operations are complete.

Bulging Drums

® Pressurized drums are extremely hazardous. Wher-
ever possible, do not move drums that may be

under internal pressure, as evidenced by bulging or
swelling.

* [f a pressurized drum has to be moved, whenever
possible handle the drum with a grappler unit con-
structed for explosive containment. Either move
the bulged drum only as far as necessary to allow
seating on firm ground, or carefully overpack the
drum. Exercise extreme caution when working
with or adjacent to potentially pressurized drums.

Drums Containing Packaged Laboratory Wastes
{Lab Packs)

Laboratory packs (ie, drums containing individual con-
tainers of laboratory materials normally surrounded by
cushioning absorbent material) can be an ignition source
for fires at hazardous waste sites. They sometimes con-
tain shock-sensitive materials. Such containers should be
considered to hold explosive or shock-sensitive wastes
until otherwise characterized. if handling is required, the
following precautions are among those that should be
taken:

* Prior to handling or transporting lab packs, make sure
8ll non-essential personnel have moved a safe dis-
tance away.

* Whenever possible, use a grappler unit constructed
for explosive containment for initial handling of such
drums.

e Maintain continuous communication with the Site
Safety Officer and/or the command post until han-
dling operations are complete

* Once a lab pack has been opened, have a chemist
inspect, classify, and segregate the bottles within it,
without opening them, according to the hazards of
the wastes. An example of a system for classifying
lab pack wastes is provided in Table 11-3. The objec-
tive of a classification system is to ensure safe segre-
gation of the lab packs® contents. Pack these bottles
with sufficient cushioning and absorption materials
1o prevent excessive movement of the bottles and to
absorb all free liquids, and ship them to an approved
disposal facility.

* |f crystalline material is noted at the neck of any
bottle, handle it as a shock-sensitive waste, due to
the potential presence of picric acid or other similar
material, and get expert advice before attempting to
handle it.

* Palletize the repacked drums prior to transport.
Secure the drums to pallets.

Laaking, Open, and Deteriorated Drums

* If a drum containing a iquid cannot be moved with-
out rupture, immediately transfer its contents to a
sound drum using a pump designed for transfering
that liquid.

* Using a drum grappler, place immediately in overpack
comntainers:

Leaking drums that contain sludges or semi-solids.
Open drums that contain liquid or solid waste.

Deteriorated drums that can be moved without
rupture.
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Table 11-3. Example of Lab Pack Content Classification
System for Disposal

CLASSIFICATION EXAMPLES
Inorganic acids Hydrochloric
Sutfuric
Inorganic bases Sodium hydroxide
Potassium hydroxide
Strong oxidizing agents Ammonium hitrate
Barium nitrate
Sodium chlorate
Sodium peroxide
Strong reducing agents Sodium thiosulfate
Oxalic acid
Sodium sulphite
Aphydrous organics and Tetraethy! lead
organometallics Phenyimercuric chloride
Anhydrous inorganics and Potassium hydride
metal hrydrides Sodium hydride
Sodium metal
Potassium
Toxic organics PCBs
i cid
HRammable organics Hexane
Toluene
Acetone
Inorganics Sodium carbonate
Potassium chloeride
Inorganic cyanides Potassium cyanide
Sodium cyanhide
Copper cysnide
Organic cyanides Cyanocacetamide
Toxic metals Arsenic
Cadmum
Lead
Mercury
Buried Drums

* Prior to initiating subsurface excavation, use ground-
penetrating systems to estimate the location and
depth of the drums (see /nspection in this chapter).

* Remove soil with great caution to minimize the
potential for drum rupture

* Have a dry chemical fire extinguisher on hand to con-
trol small fires.

Opening

Drumns are usually opened and sampled in place during
site investigations. However, remedial and emergency
operations may require a separate drum opening area {see
Staging in this chapter). Procedures for opening drums
are the same, regardless of where the drums are opened.
To enhance the efficiency and safety of drum-opening
personne!, the following procedures should be instituted.

¢ H a supplied-air respiratory protection system is used,
place a bank of air cylinders outside the work area
and supply air to the operators via aiflines and
escape SCBAs. This enables workers to operate in
relative comfort for extended periods of time.

* Protect personnel by keeping them at a safe distance
from the drums being opened. If personnel must be
located near the drums, place explosion-resistant
plastic shields between them and the drums to pro-
tect them in case of detonation. Locate controls for
drum opening equipment, monitoring equipment, and
fire suppression equipment behind the explosion-
resistant plastic shield.

* i possible, monitor continuously during opening.
Place sensors of monitoring equipment, such as
colorimetric tubes, dosimeters, radiation survey
instruments, explosion meters, organic vapor
analyzers, and oxygen meters, as close as possible
to the source of contaminants, i.e., at the drum
opening.

* Use the following remote-controlled devices for
opening drums:

Pneumatically operated impact wrench to remove
drum bungs.

Hydraufically or pneumatically operated drum
piercers {see Figure 11-2). :
Backhoes equipped with bronze spikes for
penetrating drum tops in large-scale operations
{see Figure 11-3).

* Do not use picks, chisels and firearms to open
drums.

= Hang or balance the drum opening equipment to
minimize worker exertion.

tf the drum shows signs of swelling or bulging,
perform all steps slowly. Relieve excess pressure
prior to opening and, if possible, from a remote
location using such devices as a pneumatic impact
wrench or hydraulic penetration device. If pressure
must be relieved manually, place a barrier such as
explosion-resistant plastic sheeting between the
worker and bung tc deflect any gas, liquid, or
solids which may be expelled as the bung is
loosened.

Two drums with rusted bungs were opened by backhoes
with bronze spikes and now await sampling. Drum in fore-
ground has been labelled 150" for sample documenta-
tion purposes.
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Figure 11-2. AirHydraulic-Operated Single-Drum Puncture Device.

Source: Reference [1L

¢ Open exotic metal drums and polyethylene or
polyvinyl chloride-lined {PVCined} drums through
the bung by removal or drilling. Exercise extreme
caution when manipulating these containers.

* Do not open or sample individual containers within
laboratory packs.

* Reseal open bungs and drill openings as soon as
possible with new bungs or plugs to avoid explo-
sions and/or vapor generation. if an open drum
cannot be resealed, place the drum into an over-
pack. Plug any openings in pressurized drums with
pressure-venting caps set 10 a 5-psi (pounds per
square inch) release to allow venting of vapor
pressure.

* Decontaminate equipment after each use to avoid
mixing incompatible wastes.

Sampling

Drum sampling can be one of the most hazardous activi-
ties to worker safety and health because it often invoives
direct contact with unidentified wastes. Prior to collecting
any sample, develop a sampling plan:

* Research background information about the waste
¢ Determine which drums should be sampled.

¢ Select the appropriate sampling device(s) and
container(s).
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Figure 11-3. Backhoe-Mounted Drum Puncture Device.
Source: Reference [1).

* Develop a sampling ptan which includes the number,
volume, and locations of samples to be taken.

¢ Develop Standard Operating Procedures for opening
drums, sampling, and sample packaging and trans-
portation. Some guidance in designing proper
:Ln?:l;?g procedures can be found in References {2]

* Have a trained heaith and safety professional deter-
mine, based on available nformation about the
wastes and site conditions, the appropriate personal
protection to be used during sampling, decontamina-
tion, and packaging of the sample.

When manuatly sampling from a drum, use the following
techniques:

* Keep sampling persornel at a safe distance while
drums are being opened. Sample only after opening
operations are complete.

* Do not lean over other drums to reach the drum being
sampled, unless absolutely necessary. )

« Cover drum tops with plastic sheeting or other suit-
able noncontaminated materials to avoid excessive
contact with the drum tops.

s Never stand on drums. This is extremely dangerous.
Use mobile steps or another platform to achieve the
height necessary to safely sample from the drums.

* Obtain samples with either glass rods or vacuum
pumps. Do not use contaminated items such as dis-
carded rags to sample. The contaminants may con-
taminate the sample and may not be compatible with
the waste in the drum. Glass rods should be removed
prior 10 pumping to minimize damage to pumps.

Characterization

The goal of characterization is to obtain the data neces-
sary to determine how to safely and efficiently package
and transport the wastes for treatment and/or disposal.
if wastes are bulked, they must be sufficiently character-
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SITE: DRUM NO. SAMPLE WO. _ SCREENING RESULYS (AREA):
DRUM SIZE: DRUM OPENING: DROM TYPE: 0 apknown
0 unkaown___ O unknown 0 unknown __ 1 radicactive -
155 gal. 1 ring top ___ 1 metal 2 acid/oxidizer _
2 30 gal._ 2 closed top ___ 2 plastie 3 caustic/reducer/cyanide
3 other ___ 3 open top 3 fiber 4 flammable organic
specify & other & glass 5 nonflammable organfc
specify _ 5 other 6 peroxide -
specify _ 7 air or water reactive -
8 igert _
DRIM COLOR: PRI SEC DRIM CONDITION:
0 unknown —_—— 0 unknown ____ SCREENING DATA:
1 cream — 1 good o YES NO
2 clear —_— 2 fair - RADIOACTIVE — —__ 21 =k over background
3 black - 3 poor - ACIDIC _____pmx23
4 whice CAUSTIC pa > 12
5 red " DROM MARXING KEYWORD 1 AIR REACTIVE T Reaction of > 10°F
6 green — temp. change
7 blue T DRUN MARKING KEYWORD 2 WATER REACTIVE __ _ Reaction of » 10°F
8 brown - teap. change
9 piok T DRUM MARKING KEYWORD 3 WATER SOLUBLX  __ _ Dissolves in water
10 orange _— WATER BATH ONA - Reading =
11 yellow ___ ~  DRUM CONTERTS STATE: PRI SEC > 10 ppm = Tes
12 gray —_—— 0 unknown — __ CorBUSTIBLE Catches fire when
13 purple — 1 solid —_—— T 7 torched in water bath
14 amber - 2 liquid — __ HALIDE — ___ Green flame vhen
15 green-blue 3 sludge - heated with copper
4 gas _ INORGANIC ___ WAYER BATH OVA and
DRUM CONTENTS COLOR: S trash I - COMBUSTIBLE = Bo
O unknown __ = 6 dire __ ___ ORGARIC ____ INORGANIC = No
1 creas - 7 gel ALCOBOL/ALDEHYDE ___ WATER BATH OVA,
2 clear - - - MATER SOLURLE and
3 black —_  DRUM CONTENT AMOUNT: COMBUSTIBLE = Yes
& white —_— 0 unknown __ CYANIDE _____ Draeger rtube aver
5 red T i1fan water bath > 2 ppa
6 green - 2 part _ FLAMMARLE — —_ COMBUSTIBLE = Yes, and
7 blue - 3 empty SETA flashpotnt < 140°F
8 brown —_ OXIDIZER — o Starch iodine paper
9 piok _____ CHEMICAL ANALYSIS: YES NO shows positive reaction
10 orange - radiation — __ TnEET OR OTHER — ___ Everything "No~ except
11 yellow ignitable — TNORGANIC or ORGANIC
12 gray - water reactive —_—
13 purple cyanide
14 amber —_— oxidizer -
15 green-blue organic vapor PPR

Figure 11-4. Sample Drum Characterization Sheet.

Source: EPA Region VIl Emergency Planning and Response Branch.
(This figure is provided only as an example. Values were selected
by EPA Region VIl and should be modified as appropriate.)

ized to determine which of them can be safely combined
[see Bulking later in this chapter). As a first step in
obtaining these data, standard tests should be used to
classify the wastes into general categories, including
auto-reactives, water reactives, inorganic acids, organic
acids, heavy metals, pesticides, cyanides, inorganic
oxidizers, and organic oxidizers. In some cases, further
analysis should be conducted to more precisely identify
the waste materials. See Figure 11-4 for an example of a
characterization sheet for drums.

When possible, materials should be characterized using
an onsite laboratory. This provides data as rapidly as pos-
sible, and minimizes the tme lag before appropriate action
can be taken to handle any hazardous materials. Also, it

precludes any potential problems associated with trans-
porting samples to an offsite laboratory (eg.. sample
packaging, waste incompatibility, fume generation).

i samples must be analyzed off site, samples shoutd be
packaged on site in accordance with DOT regulations
{49 CFR} and shipped to the laboratory for analysis.

Staging

Ahlthcugh every attempt should be made to minimize drum
handling, drums must sometimes be staged (ie, moved in
an organized manner to predesignated areas} to facilitate
characterization and remedial action, and to protect
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drums from potentially hazardous site conditions {eg.,
movement of heavy equipiment and high temperatures
that might cause explosion, ignition, or pressure buildup).
Staging involves a trade-off between the increased haz-
ards associated with drum movement and the decreased
hazards associated with the enhanced organization and
accessibility of the waste materials.

The number of staging areas necessary depends on site-
specific circumstances such as the scope of the opera-
tion, the accessibility of drums in their original positions,
and the perceived hazards. Investigation usually involves
little, if any, staging; remedial and emergency operations
can involve extensive drum staging. The extent of staging
must be determined individually for each site, and should
always be kept to a minimum. Up to five separate areas
have been used (see Figure 11-5):

* An initial staging area where drums can be
{1} organized according to type, size, and sus-
pected contents, and (2} stored prior to sampling.

* An gpening area where drums are opened,
sampled, and resealed. Locate this area a safe dis-
tance from the original waste disposal or storage
site and from all staging areas to prevent a chain
reaction in case of fire or explosion.

* During large-scale remedial or emergency tasks, a
separate sampling area may be set up at some dis-
tance from the opening area to reduce the number
of people present in the opening area, and to limit
potential casualties in case of an explosion.

* A second staging area, also known as a holding
area, where drums are temporarily stored after
sampting pending characterization of their con-
tents. Do not place unsealed drums with unknown
contents in the second staging area in case they
contain incompatible materials. (Either remove the
contents or overpack the drum.}

* A final staging area, also known as a bulking area,

where substances that have been characterized

are bulked for transport to treatment or disposal

facilities.
Locate the final staging area as close as possible to
the site's exit.
Grade the area and cover it with plastic sheeting.
Construct approximately 1-foot-high {0.3-m-high)
dikes around the entire area.
Segregate drums according to their basic chemical
categories (acids, heavy metals, pesticides, etc.} as
determined by characterization. Construct separate
areas for each type of waste present to preclude
the possibility of imermingling incompatible chemi-
cals when bulking.

In all staging areas, stage the drums two wide in two
rows per area {see Figure 11-6), and space these rows

7 1o 8 feet (2 to 2.5 m) apart to enable movement of the
drum handling equipment.

Bulking

Wastes that have been characterized are often mixed
together and placed in bulk containers such as tanks or
vacuum trucks for shipment to treatment or disposatl

Crushed drums awaiting landfill. Note the staging of
drums on the Jeft in a row two drums wide.

facilities. This increases the efficiency of transportation,
Bulking should be performed only after thorough waste
characterization by trained and experienced personnel.
The preliminary tests described earlier under Characteriza-
tion provide only a general indication of the nature of the
individual wastes. In most cases, additional sampling and
analysis to further characterize the wastes, and compati-
bility tests (in which small quantities of different wastes
are mixed together under controlled conditions and
observed for signs of incompatibility such as vapor gener-
ation and heat of reaction) should be conducted. Bulking
is performed at the final staging area using the following
procedures:

* |nspect each tank trailer and remove any residual
materials from the trailer prior to transferring any
bulked materials. This will prevent reactions between
incompatible chemicals.

¢ To move hazardous liquids, use pumps that are
properly rated (see National Fire Protection Associa-
tion [NFPA] 70 Articles 500-503 and NFPA 497M)
and that have a safety relief valve with a splash
shield. Make sure the pump hoses, casings, fittings,
and gaskets are compatible with the material being

pumped.

* Inspect hose lines before beginning work to ensure
that all lines, fittings, and valves are intact with no
weak spots.

= Take special precautions when handling hoses as
they often contain residual material that can splash
. or spill on the personnel operating the hoses. Protect
personnel against accidental splashing. Protect lines
from vehicular and pedestrian traffic.

¢ Store flammable liquids in approved containers.

Shipment

Shipment of materials to offsite treatment, storage, or
disposal facilities involves the entry of waste hauling
wehicles into the site. U.S. Department of Transportation
{DOT) regulations (49 CFR Parts 171-178) and EPA regula-
tions (40 CFR Part 263) for shipment of hazardous
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Figure 11-5. Possible Staging Areas at a Hazardous Waste Site.
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* Qutfit the driver with appropriate protective

o0 - 00 equipment.

Q0O a 00  If drums are shipped, tightly seal the drums prior to
00 < 00O loading. Overpack leaking or deteriorated drums prior
(o]0) Q0 to shipment. (Under most circumstances, overpack

drums used for hazardous wastes may not be reused
(49 CFR Part 173.3(c)]). Make sure that truck bed
and walls are clean and smooth to prevent damage to

ROADWAY

00 w 00 drums. Do not double stack drums. Secure drums to

Q00 3 80 prevent shifting during transport.

OO OO « 08 * Keep bulk solids several inches below the top of the
truck container. Cover loads with a layer of clean soil,
foam, and/or tarp. Secure the load to prevent shifting

ROADWAY or release during transport.

OO0 w OO * Weigh vehicles periodically to ensure that vehicle and

00 & 9]8) road weight limits are not exceeded.

88 < 88 + Decoitaminate vehicle tires prior to leaving the site
to ensure that contamination is not carried onto pub-
lic roads.

+ Check periodically to ensure that vehicles are not

Figure 11-8. Sample Drum Staging Layout. releasing dust or vapor emissions off site.

Source: Reference [1).

* Develop procedures for responding quickly to offsite
vehicle breakdown and accidents to ensure minimal
public impact.

Special Case Problems

Tanks and Vaults

For tanks and vautts, which are often found on hazardous
waste sites, the following procedures are recommended:

* In general, when opening a tank or vault follow the
same procedures as for a sealed drum. If necessary,
vent excess pressure if volatile substances are
stored. Place deflecting shields between workers and
the obening to prevent direct contamination of work-
ers by materials forced out by pressure when the
tank is opened.

¢ Guard manholes or access portals to prevent person-
nel from falling into the tank.

Single-stacked overpack drums awaiting transport off
site. Worker suited in Leve! C personal protective equip-
ment will spread a tarp over the drums to protect them * identify the contents through sampling and analysis.

during transport. if characterization indicates that the contents can be

safely moved with the available equipment, vacuum

] ) them into a trailer for transportation to a disposal or
wastes must be complied with. The following guidelines recycling facility.

can enhance the safety Of these operations: * Empty and decontaminate the tank or vault before
¢ Locate the final staging (bulking) area as close as disposal,

possible to the site exit.
* H it is necessary to enter a tank or vault {ie, confined

* Prepare a circulation plan that minimizes conflict
between cleanup teams and waste haulers. Install
traffic signs, lights, and other control devices as
necessary.

* Provide adequate area for onsite and hauling vehicles
to tum around. Where necessary. build or improve
onsite roads.

s Stage hauling vehicles in a safe area until ready for
loading with drivers remaining in cabh. Minimize the
time that drivers spend in hazardous areas.

spaces) for any reason {eg., to clean off solid
materials or sludges on the bottom or sides of the
tank or vault), the following precautions should be
taken [4]:

Ventilate thoroughly prior to entry.

Disconnect connecting pipefines.

Prior to entry, take air samples to prove the

absence of flammable or other hazardous vapors

and to demonstrate that adequate levels of oxygen
exist.
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Equip the entry team with appropriate respiratory
protection, protective clothing, safety hamesses,
and ropes.

Equip 8 safety observer with appropriate respira-
tory protection, protective clothing, a safety har-
ness, and rope.

Establish lfeline signals prior to entry so that the
worker and safety observer can communicate by
tugs on the rope.

Have an additional person available in the mmedi-
ate vicinity to assist the safety observer if needed.
Instruct the safety observer not to enter the space
until additional personnel are on scene.

Vacuum Trucks

* Wear appropriate protective clothing and equipment
when opening the hatch. ‘

* If possible, use mobile steps or suitable scaffolding
consistent with 29 CFR Part 1910, Subpart D. Avoid
climbing up the ladder and walking across the tank
catwalk.

+ I the truck must be climbed, raise and lower equip-
ment and samples in carriers to enable workers 10
use two hands while climbing.

* Wherever possible, stay on shore. Avoid going out
oves the water.

¢ Be aware that some solid wastes may float and give
the appearance of solid cracked mud. Caution should
be exercised when working along shorelines.
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= i possible, sample from the top of the vehicle. it is tion Service (PB-80-183015).
necessary to sample from the drain spigot, take steps
to prevent spraying of excessive substances. Have all
personnel stand off to the side. Have sorbent
materials on hand in the event of a spill.

Elevated Tanks

In general, ocbserve the safety precautions described for
vacuum trucks. In addition:
¢ Use a safety fine and harness.

* Maintain ladders and railings in accordance with
OSHA requirements {29 CFR Part 1910, Subpart D).

Compressed Gas Cylinders

* Obtain expert assistance in moving and disposing of
compressed gas cylinders.

» Handle compressed gas cylinders with extreme cau-
tion. The rupture of a cylinder may resuht in an explo-
sion, and the cylinder may become a dangerous
projectile.

* Record the identification numbers on the cylinders to
aid in characterizing their contents.

Ponds and Lagoons

¢ Drowning is a very real danger for personnel suited in
protective equipment becsuse the weight of protec-
tive equipment increases an individusl’s overall den-
sity and severely impairs their swimming ability.
Where there is danger of drowning, praovide neces-
sary safety gear such as lifeboats, tag lines, railings,
nets, safety hamesses, and flotation gear.
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Introduction

The nature of work at hazardous waste sites makes
emergencies a continual possibility, no matter how
infrequently they may actually occur. Emergencies
happen quickly and unexpectedly and require immediate
response At a hazardous waste site, an emergency may
be as limited as a worker experiencing heat stress, or as
vast as an explosion that spreads toxic fumes throughout
a community. Any hazard on site can precipitate an emer-
gency: chemicals, biologic agents, radiation or physical
hazards may act alone or in concert to create explosions,
fires, spills, toxic atmospheres, or other dangerous and
harmful situations. Table 12-1 lists common causes of site
emergencies.

Site emergencies are characterized by their potential for
complexity: uncontrolled toxic chemicals may be numer-
ous and unidentified; their effects may be synergistic.
Hazards may potentiate one another —for exampie, 2
flammable spill feeding a fire. Rescue personnel attempt-
ing to remove injured workers may themselves become

victims. This variability means that advance planning,
including anticipation of different emergency scenarios
and thorough preparation for contingencies, is essential
to protect worker and community health and safety.

This chapter outlines important factors to be considered
when planning for and responding to emergencies. It
defines the nature of site emergencies, lists the types of
emergencies that may occur, and outlines a Contingency
Plan and its components, which include personnel roles,
lines of authority, training, communication systems, site
mapping, site security and control, refuges, evacuation
routes, decontamination, a medical program, step-by-step
emergency respense procedures, documentation, and
reporting to outside agencies. Backup information is
detailed in other chapters of the manual.

When an emergency occurs, decisive action is required.
Rapidly made choices may have far-reaching, long-term
consequences. Delays of minutes can create life-
threatening situations. Personnel must be ready to
immediately rescue or respond; equipment must be on
hand and in good working order. In order to handle emer-
gencies effectively, planning is essential. For this purpose,
a Contingency Plan should be developed.

A Contingency Plan is a written document that sets forth
policies and procedures for responding to site emergen-
cies. it should incorporate the following:
* Personnel:
Roles.
Lines of authority.
Training.
Communication.
* Site:
Mapping.
Security and control.
Refuges.
Evacuation routes.
Decontamination statiohs.
* Medical/first aid.
* Equipment.
* Emergency procedures.
* Documentation.
* Reporting.

Overall, a Contingency Plan should:

* Be designed as a discrete section of the Site
Safety Plan.

¢ Be compatible and integrated with the pollution
response, disaster, fire, and emergency plans of
local, state, and federal agencies.

* Be rehearsed regularly using drills and mock situ-
ations.

* Be reviewed periodically in response to new or
changing site conditions or information.
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Table 12-1. Causes of Emergencies at Hazardous Waste Sites

Worker-Related

* Minor accidants (slips, trips, falls).

e Chemical #xposure.

= Medica! probiems (hest stress, heat stroke, aggravation of
pre-existing conditions).

* Personal protective squipment failure [sir source failure, tearing or
permaation of protective clothing, facepiece fogging).

& Physical injury {injuries from hot or flying objects. loose clothing
entangling in machinery, serious falls, vehicle accidents).

* Electrical (bums, shock, slectrocution).

Waste-Related

* Fira.

= Explosion.

* Lask,

» Releasa of toxic vapors.

= Reaction of incompsatible chemicals.

« Collapse of containers.

. = Discovery of radioactive materials.

Table 12-2. Personnel Involved in Emergency Response

Personnel

This component of the plan includes not only onsite and
offsite personnel with specific emergency response roles,
but also others who may be on site, such as contractors,
other agency representatives, and visitors. Emergency
personnel and their responsibilities are covered in detail in
Chapter 3 as part of the overall organizational structure.
This information is summarized in Table 12-2.

Emergency personne! may be deployed in a variety of
ways. Depending on the nature and scope of the emer-
gency. the size of the site, and the number of personnel,
the emergency response cadre can include individuals,
small or large teams, or several interacting teams.
Ahthough deployment is determined on a site-by-site
basis, pertinent general guidelines and recommendations
are listed below. In all cases the organizational structure
should show a clear chain-of-command, every individual
should know his or her position and authority, and the
chain-of-command must be flexible enough to handle
muitiple emergencies, such as a rescue and a spill
response or two rescues with a fire and spill response.

Project Team Leader

* Directs emergency response operations.

» Serves ae laizon with appropriate government officials.
Site Safety Officer

* Rocommends that work be stopped if any operation threatens
workar or public heatth or safety.

s Knows smergency procedures, evacustion routes, and the
appropriate telephone numbers including: the ambulance, medical
facility, poison control center, fire department, and police
department.

» Notifies local public emergency officials.

* Provides for emergency medical care on site.

Command Post Supervisor

® Notifies smergency support personnel by telephone or radio in

o Assists the Site Safety Officer in a rescue, if necessary.

Rescus Team

* An smegency rescue team stands by, partially dressed in protec-
tive gear, near the Exclusion Zone ready to mscue any workers
whosa heatth or safety is endangered.

* State emergency response personnel {varies among states).

Decontamingtion Station Officers

* Parforrn emergency decortamination.

24-Hour Medical Team

« Tansportation and treatment of victims by ambulance personnel,
personnel at local clinics or hospitals, and physicians.

Communication Personnel

« Local emergency service natworks provide communication links
for mutual aid.

& Civil Defensa organizations and local radic and television stations
provide information to the public during an emergency.

Environmental Scientists

* Pradict the immediate and future movement of released hazardous
substances through the geologic and hydrologic environment and
air.

* Assess the effect of this movement on groundwater quality, sus-
face water quality, and air quality.

* Determine the probable movernent of released toxic gases.

* Estimate the expected concentration of gases in the community
and the expected duration of exposure.

® Predict the exposure levels of people and the ecosystem to the
materials.

Hazardous Chemicals Experts

® Provide immediate advice to those at the scene of a chemical-
related emergency.

Firefighters

* Respond to fires that occur at a site; rescue victims.

Mateorologists

* Provide meteoroiogical information needed by environmental
scientists.

Public Safety Personnel

* The county sheriff, industrial security forces, the National Guard,
and the police control site access, crowds, and traffic.

Pubfic Evacuation Personnel

o Civil Defense organizations plan evacuations.

+ The National Guard and other military, the Red Cross, the Salve-
tion Army, and municipal transportation systems mobilize transit
equipment and assist in evacuations.

On-Scena Coordinator

® Coordinates federal response activities.
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Onsite Personnel

The Contingency Plan should identify all individuals and
teams who will participate in emergency response and
define their roles. All personnel, whether directly invotved
in emergency response or not, should know their own
responsibilities in an emergency. They must also know
the names of those in authority, and the extent of that
authority.

Leader

In an emergency situation, one person must be able to
assume total control and decision-making on site. This
leader must:

* Be identified in the emergency response plan. This
person may be, for example, the Project Team Leader,
Site Safety Officer, or Field Team Leader.

* Be backed up by a specified altemate(s).

* Have the authority to resolve all disputes about
health and safety requirements and precautions.

* Be authorized to seek and purchase supplies as
necessary.

s Have control over activities of everyone entering the
site, for example, contractors, fire departments, and
police.

® Have the clear support of management.

Teams

Although individuals {(eg.. the Site Safety Officer} may
perform certain tasks in emergencies, in most cases
teams provide greater efficiency and safety. Teams com-
posed of onsite personnel may be created for specific
emergency purposes, such as decontamination, rescue,
and entry. Rescue teams can be used during a particularly
dangerous operation, or at large sites with muhtiple work
parties in the Exclusion Zone. Their sole function is to
remain near hazardous work areas, partially dressed in
protective gear, ready for full suiting and immediate res-
cue of any endangered worker. These teams should be
capable of administering cardiopulmonary resuscitation
(CPR} and emergency first aid. Other teams can be
formed for responding to containment emergencies and
fire-fighting until offsite assistance arrives.

Offsite Personnel

These may include individual experts such as meteorolo-
gists or toxicologists (see Table 12-2), and representatives
or groups from local, state, and federal organizations
offering rescue, response, or support {see Table 12-3 for a
listing of typical organizations}. As part of advance plan-
ning, site personnel should:

= Make arrangements with individual experts to provide
guidance as needed. .
* Make arrangements with the appropriate agencies

{eg.. local fire department, state environmental
agency, EPA regional office) for support.

* Alert these authorities to the types of emergencies
that may arise

e Determine their estimated response time arxd
resgurces.

Table 12-3. Examples of Agencies and Groups Involved in
Emergencies

AGENCY OR GROUP

RESCUE®* RESPONSE® SUPPORT®

FEDERAL

Army Corps of Engineers
Coast Guardd .
Department of Defensed .
Department of Transportation
Environmental Protection

Agency (EPAM . .
Federsl Aviation Administra-

tion [FAA) .
Federal Emergency Manage-

ment Agency {FEMA) .
National Institute for

Occupationsl Safety and

Heatth (NIOSH) .
Occupational Safety and

Health Administration

(OSHA) .

STATE

Civit Defense
Department of Health
Department of Labot
Erwvironmeantal Agency .
Otfice of the Attomey

General
State Police L]

LOCAL

Ambulance and rescue
services

Cleanup contractor

Disposal companies

Fire department

Hospital

Police

Red Cross

Salvation Army

Transporters

Lhility companies {slectric,
gas, water, phone) .

L N BN

[ I B B
. e 00
"8

*Rescue = extricating andjor providing on-the-spot emergency
treatment to victima.

bResponse = controlling and stabilizing hazerdous conditions.

tSupport = providing technical assistance, equipment, and/or
resources.

9This agency may provide an On-Scene Coordinator {0SC),
depending on the jurisdiction.

¢ |dentify backup facilities.

* Provide training and information about hazards on
site and special procedures for handling them.

« Establish a contact person snd means of notification
at each agency.

Federal Responss Organizations

Site emergencies involving significant chemical releases
should be coordinated with federal response organiza-
tions. The federal government has established a National
Contingency Plan {NCP) to promote the coordination and

- direction of federal and state response systems, and to
encourage the development of local government snd pri-
vate capabilities to handle chemical emergencies involv-
ing chemical releases.
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To implement the NCP, a national organization was estab-
lished, including a National Response Team {NRT), a net-
work of Regiona! Response Teams {RRTs), a cadre of
On-Scene Coordinators {05Cs), end a National Response
Center (NRC). The NRC is the national termina! point for
receipt of notification of significant chemical releases,
and the OSCs are the interface between the onsite per-
sonnel and the federal response organizations. The OSC
is the federal official responsible for ensuring that neces-
sary response actions are taken to protect the public and
the environment from the effects at a chemical release.
Many federal agencies have specific technical expertise
which is available to assist the OSC.

H a significant chemical release occurs at a hazardous
waste site, the National Response Center in Washington,
DL., should be contacted {Telephone: 800-424-8802).
The NRC will activate federal response under the National
Contingency Plan.

Training

Since immediate, informed response is essential in an
emergency, all site personnel and others entering the site
(visitors, contractors, offsite emergency response groups,
other agency representatives) must have some leve! of
emergency training. Any training program should:

* Relate directly to site-specific, anticipated situations.
* Be brief and repeated often.
= Be realistic and practical.

* Provide an opportunity for special skills to be
practiced regularly.

* Feature drills frequently {eg., site-specific mock
rescue operations).

= Ensure that training records are maintained in a train-
ing logbook.

Everyone entering the site must be made aware of the
hazards and of hazardous actions which are forbidden or
should be avoided {eg., smoking). They must also know
what to do in case of an emergency.

Visitors should be briefed on basic emergency procedures
such as decontamination, emergency signals, and evacua-
tion routes.

Personnel without defined emergency response roles {eg.,
contractors, federal agency representatives) must still
receive a level of training that includes at a minimum:

* Hazard recognition.

* Standard Operating Procedures.

# Signaling an emergency: the alarm used, how to
summon help, what information to give and who to
give it to.

+ Evacuation routes and refuges.

+ The person or station to report 10 when an alarm
sounds.

Onsite emergency personnel, who have emergency roles
in addition to their ordinary duties, must have a thorough
~derstanding of emergency respense. Training should be

directly related to their specific roles and should include
subjects such as:

* Emergency chain-of-command.

¢ Communication methods and signals.
* How to cal! for help.

* Emergency equipment and its use.

* Emergency evacuation while wearing protective
equipment.

* Removing injured personnel from enciosed spaces.
* Offsite support and how to use it.

These personnel should obtain certification in first aid and
CPR, and practice treatment techniques regularly, with an
emphasis on:

® Recognizing and treating chemical and physical
injuries.
* Recognizing and treating heat and cold stress.

Offsite emergency personnel such as loca! firefighters and
ambulance crews often are first responders and run a risk
of acute hazard exposure equal to that of any onsite
worker. These personnel should be informed of ways to
recognize and deal effectively with onsite hazards. Lack
of information may inadvertently worsen an emergency
by improper actions {eg., spraying water on a water-
reactive chemica! and causing an explosion). Inadequate
knowledge of the onsite emergency chain-of-command
may cause confusion and delays. Site management
should, at a minimum, provide offsite emergency per-
sonnel with information about:

* Site-specific hazards.

¢ Appropriate response techniques.
¢ Site emergency procedures.

* Decontamination procedures.

Emergency Recognition and Prevention

On a day-to-day basis, individual personne! should be
constantly alert for indicators of potentially hazardous
situations and for signs and symptoms in themselves and
others that wam of hazardous conditions and exposures.
Rapid recognition of dangerous situations can avert an
emergency. Before daily work assignments, regular meet-
ings should be held. Discussion should include:

* Tasks to be performed.
* Time constraints {eg., rest breaks, air tank changes).

* Hazards that may be encountered, including their
effects, how 10 recognize symptoms or monitor
them, concentration limits, or other danger signals.

* Emergency procedures.

After daily work assignments, a debriefing session should
be held to review work accomplished and problems
observed.

Communications

In an emergency, crucial messages must be conveyed
quickly and accurately. Site staff must be able to commu-
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nicate information such as the location of injured person-
nel, orders to evacuate the site, and notice of blocked
evacuation routes, even through noise and confusion.
Outside support sources must be reached, help obtained,
and measures for public notification ensured, if neces-
sary. To do this, a separate set of internal emergency sig-
nals should be developed and rehearsed daily. External
communication systems and procedures should be clear
and accessible to all workers.

Internal Communications

Internal emergency communication systems are used to
alert workers to danger, convey safety information, and
maintain site control. Any effective system or combina-
tion may be employed. Radios or field telephones are
often used when work teams are far from the Command
Post. Alarms or short clear messages can be conveyed by
audible signals, eg., bullhoms, megaphones, sirens, bells,
whistles, or visual signals such as colored flags, flares,
lights, and hand or whole-body movements. The primary
system must have a backup. For example, hand signals
may be used as a backup if radio communications fail.
All internal systems should be:

* Clearly understood by all personnel.
* Checked and practiced daily.
* Intrinsically safe {spark-free).

A special set of emergency signals should be set up.
These should be:

s Different from ordinary signals.
* Brief and exact.

* Limited in number so that they are easily
remembered.

Examples include: stop, evacuate, help, all clear. Any set
of signals may be used to convey these messages as long
as all personnel understand their meaning. See Table 12-4
for examples.

When designing and practicing communication systems,
remember that:

* Background noise on site will interfere with talking
and listening.

* Wearing personal protective equipment will impede
hearing and limit vision (eg., the ability to recog-
nize hand and body signals).

= |nexperienced radio users may need practice in
speaking clearly.

External Communications

Offsite sources must be contacted to get assistance or to
inform officials about hazardous conditions that may
affect public or environmental safety. The telephone is the
most common mode of offsite communication; phone
hook-ups are considered a necessity at all but the most
remote sites.

* The National Response Center (NRC) (Telephone:
800-424-8802) should be contacted in the event
of a significant chemical release. The NRC will
contact the appropriate federal On-Scene Coor-
dinator.

Table 12-4. Sample Internal Emergency Communication
Signals

DEVICES® AND

SIGNALS EXAMPLE

Radio (citizen’s band or FM) Established code words.

Noisemakers, including: One long blast: Evacuate area by
Bell nearest emergency exit.

pressed air hom Two short blasts: Localized problem
gfg:phone (not dangerous to workers).
Whistle Two long blasts: all clear.

Visual signal, including: Hand clutching throat: Out of air/

Hand signals can’t breathe.
Whole body movements Hands on top of head: Need
assistance
Thumbs up: OK/I'm alright/
I understand.

Thumbs down: No/negative.

Grip partner's wrist or both hands
around partner’s waist: Leave
area immediately.

sAll devices and equipment used in the Exclusion and Contamina-
tion Reduction Zones must be intrinsically safe and not capable
of sparking.

+ All personnel must be familiar with the protocol
(phone number or emergency code, contact per-
son) for contacting public emergency aid teams
such as fire departments, ambulance units, and
hospitals.

* H there is no site telephone system, all personnel
must know the location of the nearest public tele-
phone. A supply of telephone change and the
necessary phone numbers must be readily
available.

Site Mapping

Detailed information about the site is essential for ad-
vance planning. For this purpose, a site map is a valuable
tool. it serves as a graphic record of the locations and
types of hazards, a reference source, and a method of
documentation. This map can be a duplicate of the one
developed for the Site Safety Plan (see Chapter 3}, but it
should focus on potential areas where emergencies may
develop. Pins and colored flags can be used to mark
changes in personnel deployment, hazard areas, and
equipment locations. The map should highlight:

* Hazard areas, especially potential IDLH conditions.

+ Site terrain: topography, buildings, barriers.

s Evacuation routes.

* Site accessibility by land, sea, and air.

* Work crew locations.

* Changes {eg., work activities, vandalism, accidents).
* Offsite populations or environments at potential risk.

The map can be used for planning and training. it can
serve as a basis for developing potential emergency
scenarics and alternative response strategies.
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When an emergency occurs, the problem areas should be
pinpointed on the map. Pertinent information —such as
weather and wind conditions, temperature, and forecast
—should be added. The map can then be used to design
the emergency plan, eg., to define zones; determine
evacuation routes; and identify emergency first-aid,
decontamination, and Command Post stations. When
using the map for such purposes, the accuracy of the
data obtained and the potential for over- or underestimat-
ing a hazard should be considered.

Even if the emergency develops so fast that the map can-
not be used for on-the-spot planning, prior familiarity with
it will aid in making informed decisions.

Safe Distances and Refuges

8afe Distances

No single recommendation can be given for evacuation or
safe distances because of the wide variety of hazardous
substances and releases found at sites. For example, a
“*small”’ chlorine leak may call for an isolation distance of
only 140 feet {43 meters), while a “large’ leak may
require an evacuation distance of 1 mile (1.8 kilometers}
or move, depending on the wind direction [1].

Safe distances can only be determined at the time of an
emergency, based on a combination of site- and incident-
specific factors. However, planning and outlining potential
emergency scenarios will help familiarize personnel with
points to consider. Factors that influence safe distances
include:

* The toxicological properties of the substance.

* The physical state of the substance.

* The quantity released.

* The rate of release.

* The method of release.

* The vapor pressure of the substance.

* Vapor density relative to air.

* Wind speed and direction.

« Atmospheric stability.

* The height of release.

+ Air temperature and temperature change with

altitude.

* Local topography {eg., barriers may enhance or
retard a cloud or plume, and attentuate a blast).

Public Evacuation

H an mcident may threaten the heatth or safety of the sur-
rounding community, the public will need to be nformed
and possibly evacuated from the area. Site management
should plan for this in coordination with the appropriate
local, state and federal groups, such as the Federal Emer-
gency Management Agency, the Civil Defense, county
sheriff, local radio and television stations, municipsl trans-
portation systems, National Guard, and police.

Refuges (Safety Stations)

Onsite refuges (safety stations) can be set up for local-
ized emergencies that do not require site evacuation.
These refuges should only be used for essential needs,
such as short rest breaks, emergency response strategy
meetings, or temporary refief during mild cases of muscle
strain and heat stress. The refuge should be located in a
relatively safe, but not necessarily “‘clean’™ area, ag.,
along the upwind fence line in specially cleared places or
on the periphery of the Exclusion Zone! The refuge
should never be used for activities such as eating, drink-
ing, or air changes. Typical items located in a refuge area
include:

* A sitting/resting area that should be shaded if
possible.

s Water for decontamination.

* Wind indicator.

* Communication system with the Command Post.

= Frst-aid supplies, e.g., eyewash, stretcher, blanket.

* Special monitoring devices (eg., extra detector tubes
and personal monitors).

¢ Bolt cutters.

* Fre extinguishers.

* Hand tools.

Other refuges can be set up in the Support Zone, or in the
case of site-wide evacuations, offsite at the safe exit des-
tination. These will provide for emergency needs such as
first aid for injured personnel, clean dry clothing and wash
water for chemical exposure victims, and communica-
tions with the Command Post. In a sitewide evacuation,
they can be used to house evacuation exit equipment,
thereby reducing security problems. These refuges should
be stocked with such items as:

* Decontamination supplies.

* Oxygen and/or air.

* Water.

* Special testing equipment (eg., pH paper, cyanide
paper).

* First-aid supplies.

* Communication system.

Site Security and Control

In an emergency, the Project Team Leader {or designated
representative) must know who is on site and must be
able to control the entry of personne! into the hazardous
areas to prevent additional injury and exposure. Only
necessary rescue and response personne! should be
sllowed into the Exclusion Zone

One control technique is a checkpoint or series of check-
points through which afl personnel sntering or exiting the

"in an emargency, as in daily work activities, the site is divided
into three areas: Exclusion {contaminated) Zona Contamination
Reduction Zone, and Support (clean) Zone (see Chapter 9, Site
Controf.
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sita must pass, &g., 8 Support Zone checkpoint and an
Exclusion Zone checkpoint. kdentification or suthorization
must be presented to a Checkpoint Control Manager, who
records sach person's:

* Name (and sffiliation if offsite personnell.

# Status (in or out).

* Time of entry.

* Anticipated exit time.

* Zones or areas 1o be entered.

* Team or “’buddy.”’

* Task being performed.

* Location of task.

* Protective equipment wom; air time left.

* Rescus and response equipment used.

The emergency area Checkpoint Control Manager should
inform the Project Team Lesder if a person remains in the
emergency area beyond his or her anticipated exit time.

Personal Locator Systems

In an emergency, it is vital for the Project Team Leader (or
designee) and rescue personnel to rapidly determine
where workers are located and who may be injured. A
passive locator system (i.a, a written record of the loca-
tion of all personnel on site at any time) could be used to
help find personnel in an emergency. Any such system
should be:

* Graphic (such 8s a drawing with a written key).

* Roughly drawn to scale, with the scale and visible
landmarks included.

* Kept current.
* Eagy to locate.
* Stored outside the Exclusion Zone.

A good passive locator system is a site map with flags or
color-headed pins identifying each worker.

Active locator systems can also be used. These are wom
or carried by individual personnel, and are activated by
actions such as flipping a switch, a decrease in air supply,
or a fall. They have the advantage of precisely locating
individuals,

Evacuation Routes and Procedures

A severe emergency, such as a fire or explosion, may cut
workers off from the normal exit near the Command Post.
Therefore, aiternate routes for evacuating victims and
endangered personnel should be established in advance,
marked, and kept clear. Routes should be directed

(1) from the Exclusion Zone through an upwind Contami-
nation Reduction Zone to the Support Zone, and (2) from
the Support Zone to an offsite location in case conditions
necessitate a genersl site avacuation. The following
guidelines will help in establishing safe evacuation routes.

* Place the evacuation routes in the predominantty
upwind direction of the Exclusion Zone. (At a very
iarge site, or one with many obstacles, some exits

may be placed in the downwind fenceline, nor-
mally an undesirable location. If this is done,
workers must know that they are not “‘out’’ until
they reech the designated safety area.)

* Run the evacuation routes through the Contamina-
tion Reduction Zone. Even if there is not enough
time to process the evacuees through decontami-
nation procedures, there should be 8 mechanism
for accounting for all personnel.

s Consider the accessibility of potential routes. Take
into account obstructions such as locked gates,
trenches, pits, tanks, drums, or other barriers, and
the extra time or equipment needed to maneuver
around or through them.

* Develop two or more routes that lead to safe areas
and that are separate or remote from each other.
Multiple routes are necessary in case one is
blocked by a fire, spill, or vapor cloud. These
routes must not overlap because if a common
point were obstructed by a fire or other emer-
gency, all intersecting routes would be blocked.

* Mark routes ‘‘safe’ or *’not safe’” on a daily basis
according to wind direction and other factors.

® Mark evacuation routes with materials such as
barricade tepe, flagging, or traffic cones. Equally
important, mark areas that do not offer safe
escape or that should not be used in an emer-
gency, such as low ground, which can fill with
geses of vapors, or routes blocked by natural bar-
riers, such as cliffs or streams.

* Consider the mobility constraints of personnel
wearing protective clothing and equipment. They
will have difficulty crossing even small streams
and going up and down banks.

Place ladders across any cut or excavation that is
more than 3 feet {1 meter) deep. For long cuts,
place ladders at least every 25 feet (7.5 meters),
and for deep cuts, place plywood or planks on top
of ladders.

Provide ladders for rapid descent from areas or
structures elevated more than 3 feet {1 meter).
Use only ladders capable of supporting a 250-b
(114-kg) load.

Secure ladders to prevent slipping.

Place standard cleated ramps {*‘chickenboard”’}
across ditches and other similar obstacles, Add a
railing and toe boards if the board is narrow or
steeply sloped.

Check the toe and body clearance of ladders to
make sure that personnel wearing protective cloth-
ing and SCBA can use them.

Check the clearance of access ports, such as
crawlspaces, hatches, manholes, and tunnels to
make sure that personnel wearing a protective
ensemble can get through. In any case, access
ports should be at least 3 feet {1 meter) in diameter
where possible. {Standard tank manways are
smaller.)

* Make escape routes known to all who go on site,
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Accident/Injury Event

Perform Life-Saving
Procedures

Grossly Decontaminate
and/or Cover or Wrap
Contaminated Areas

Decontaminate as Much as

NO Additional Emergency

Possible

Care Required?

YES

Report to Superiors for

S

Transport to Medical
Facility

Figure 12-1. Decision Aid for Emergency Decontamination.

Decontamination

When planning for decontamination in medical emergen-
cies, procedures should be developed for:

+ Decontaminating the victim.
* Protecting medical personnel.
« Disposing of contaminated protective equipment and
wash solutions.
These activities shoukd be coordinated. The decision

whether or not to decontaminate a victim is based on the
type and severity of the iliness or injury and the nature of
the contaminant. For some emergency victims, immediate
decontamination may be an essentia! part of kfe-saving
first aid. For others, decontamination may aggravate the
injury or delay life-saving treatment. if decontamination
does not interfere with essential treatment, it shouid be
performed. Figure 12-1 is a decision aid for emergency
decontamination.

* Hf decontamination can be done:
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Wash, rinse and/or cut off protective clothing and
equipment.
s if decontamination cannot be done:

Wrap the victim in blankets, plastic, or rubber to
reduce contamination of other personnel.
Alert emergency and offsite medical personnel to
potential contamination; instruct them about
specific decontamination procedures if necessary.
Send along site personnel familiar with the
incident.
See Chapter 9, Decontamination, for details on decon-
tamination techniques and procedures.

Equipment

in an emergency, equipment will be necessary to rescue
and treat victims, to protect response personnel, and to
mitigate hazardous conditions on site {e.g., to contain
chemicals or fight fires). Some regular equipment can
double for emergency use. Because of its high cost, most
heavy equipment {eg., bulldozers, drum movers, purmnps)
employed in emergencies will also be used for regular
work assignments. All equipment should be in working
order. fueled, and available when an emergency occurs.
Provide safe and unobstructed access for all firefighting
and emergency equipment at all times. Consider adopting
the following work procedures:

* Refuel all heavy equipment when there is still one-
half to one-quarter of a tank of fuel left.

* Require all equipment repairs to take place at the
time the problem is discovered.

+ Separate two similar pieces of equipment (eg., two
front-doaders or a bulldozer and a frontJoader); park
each at a different spot on site and do not use them

at the same time in a hazardous area unless abso-
lutely necessary. (This will minimize the possibility of
both pieces of equipment being damaged in the same
explosion or fire.)

For personal protective equipment:

* Refill all empty self-contained breathing apparatus
(SCBA) tanks and prepare them for emergencies
immediately after normal use.

* Stock higher levels of protective equipment than
required for anticipated hazards (eg., a site where
Level C equipment is normally used [see Table 8-6]
should have Level A and B equipment available for
emergencies).

Basic equipment that should be available at any site is
listed in Table 12-5. Special equipment should be obtained
depending on the specific types of emergencies that may
occur at a particufar site and the capabilities of backup
offsite personnel. For example, if the nearest fire depart-
ment is small and only carries one bucket of foaming
solution because of its high cost and short shelf-life, a
site may need to stock a large quantity of foam. When
determining the type and quantity of special equipment,
the following factors should be considered:

* The types of emergencies that may arise. For each
emergency, consider a probable and a worst-case
scenario.

® The types of hazards that site personnel may be
exposed to and the appropriate containment,
mitigative, and protective measures.

* The capabilities and estimated response times of
offsite emergency personnel.

* The number of site personne! who could be vic-
tims during an emergency.

* The probable number of personnel availabie for
response.

Table 12-5. Onsite Equipment and Supplies for Emergency Response

PERSONAL PROTECTION MEDICAL HAZARD MITIGATION
= Escape SCBA or SCBA, which can * Air splints * Fire-fighting equipment and supplies
be brought to the victim to * Antiseptics e Spili-containment equipment, such

ement hi
replace or suppl is or her « Blankets

as absorbents and oil booms
* Special hazardous-use tools such as

= Personal protective equipment
and clothing specialized for
known site hazards

* Decontamination solutions appropriate
for onsite chemical hazards

* Emergency eye wash

* Emergency showers or wash stations

® Ice

* Reference books containing basic
first-aid procedures and information on
weatment of specific chemical injuries

® Resuscitator

* Safety harness

* Stretchers

® Water, in portable containers

*» Wire basket litter {Stokes litter) which
can be used to cammy a victim in bad

weather and on a difficult terrain, allows
easy decontamination of the victim, and

is itself easy to decontaminate

remote pneumatic impact wrenches,
nonsparking wrenches and picks

* Containers to hold contaminated
materials
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PREPARATION

Notify onsite personnel
about the incident

Y

Size up the situation based
on available information

Y

Request aid from
outside sources

Y

Allocate personnel
and equipment

resources for response

i Y

Survey and assess
casualties

Y

Stabilize
victims

RESPONSE

Decontaminate
victims

Survey and assess
existing and potential
hazards

Evacuate

personnel

Transport and
treat victims

T

Evacuate
site nearby
public

Contain
hazard

Y

Replace or rejuvenate damaged

or exhausted equipment

Y

Document the
incident

FOLLOW-UP

!

Review and revise Site Safety
and Contingency Plans

Extinguish
hazard

Figure 12-2. Emergency Response Operations.
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Medical Treatment/First Ald

In emergencies, toxic exposures and hazerdous situations
that cause injuries and illnesses will vary from site to site.
Medical treatment may range from bandaging of minor
cuts and abrasions to Fife-saving techniques. In many
cases, essential medical help may not be immadiately
available. For this reason, it is vital to train onsite emer-
gency personnel in on-the-spot treatment techniques, to
establish and maintain telephone contact with medical
experts {ag., toxicologists), and to establish liaisons with
local hospitals and ambulance services. Guidelines for
establishing an emergency medical program are detailed
in Chapter 5. When designing this program, these essen-
tial points should be included:

» Train a cadre of personnel in emergency treatment
such as first aid and CPR. Training should be
thorough, frequently repeated, and geared to
site-specific hazards.

¢ Establish liaison with local medical personnel, for
example: 24-hour on-call physician, medical
specialists, local hospitats, ambulance service, and
poison control center. Inform and educate these
personne! about site-specific hazards so that they
can be optimally helpful if an emergency occurs.
Develop procedures for contacting them; familia-
rize all onsite emergency personnel with these
procedures.

* Set up onsite emergency first-aid stations; see
that they are well supplied and restocked immedi-
ately after each emergency.

Emergency Response Procedures

Response operations usually follow a sequence that
starts with the notification of trouble and continues
through the preparation of equipment and personnel for
the next emergency. This process is illustrated in

Figure 12-2.

Notification
Alert personnel to the emergency. Sound a site alarm to:
s Notify personnel.
* Stop work activities if necessary.
. I.ov!rer background noise in order to speed communi-
cation.
* Begin emergency procedures.
Notify onsite emergency response personnel about the
emergency and include essential information:
* What happened.
* Where it happened.
* Whom it happened to.
* When it happened.
» How it happened.
* The extent of damage.
* What aid is needed.

Size-Up

Avsilable information about the incident and smergency
response capabilities should be evaluated. The following
information should be determined, to the extent possible:

* Wheat happened:
Type of incident.
Cause of incident.
Extent of chemical release and transport.
Extent of damage to stnuctures, squipment, and
terrain.

* Casualties:
Victims {number, location, and condition).
Treatment required.
Missing personnel.

* What could happen. Consider:
Types of chemicals on site.
Potential for fire, explosion, and release of hazard-
ous substances.
Location of all personnel on site relative to hazard-
ous areas.
Potential for danger to offsite population or
environment.

* What can be done. Consider:
Equipment and personnel resources needed for vic-
tim rescue and hazard mitigation.
Number of uninjured personnel available for
response.
Resources available on site.
Resources available from outside groups and
agencies.
Time for outside resources to reach the site.
Hazards involved in rescue and response.

Rescue/Responss Action

Based on the available information, the type of action
required should be decided and the necessary steps
implemented. Some actions may be done concurrently.
No one should attempt emergency response or rescue
umtil backup personnel and evacuation routes have been
identified. Rescue/response actions may include:

¢ Enforce the buddy system: Allow no one to enter an_
Exclusion Zone or hazardous area without a partner.
At all times, personnel in the Exclusion Zone should
be in line-of-sight or communications contact with
the Command Post Supervisor or designee.

s Survey casualties:

Locate all victims and assess their condition.
Determine resources needed for stabilization and
transport.
* Assess existing and potential hazards to sits person-
nel and to the offsite population. Determine:
Whether and how to respond.

The need for evacuation of site personnel and off-
site population.
The resources needed for evacuation and responsa.
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* Allocate resources. Allocate onsite personnel and
equipment to rescue and incident response oper-
ations.

* Request aid. Contact the required offsite personnel or
facilities, such as the ambulance, fire department,
and police.

® Control. Bring the hazardous situation under com-
plete or temporary control; use measures to prevent
the spread of the emergency.

» Extricate. Remove or assist victims from the area.

* Decontaminate. Use established procedures to
decontaminate uninjured personnel in the Contamina-
tion Reduction Zone. If the emergency makes this
area unsafe, establish a new decontamination area at
an appropriate distance. Decontaminate victims
before or after stabilization as their medical condition
indicates {see Figure 12-1 for decision aid).

* Stabilize. Administer anry medical procedures that are
necessary before the victims can be moved. Stabilize
or permanently fix the hazardous condition (ag.,
repack; empty filled runoff dikes). Attend to what
caused the emergency and anything (eg., drums,
tanks) darmaged or endangered by the mrgepw.

+ Transport. Take measures to minimize chemical
contamination of the transport vehicle and
ambulance and hospital personnel. Adequately
protected rescuers should decontaminate the vic-
tims before transport. if this is not possible, cover
the victims with adequate sheeting. Before trans-
portation, determine the level of protection neces-
sary for transport personnel. Provide them with
disposable coveralls, disposable gloves, and sup-
plied air. as necessary, for their protection. if
appropriate, have response personnel accompany
victims to the medical facility to advise on decon-
tarnination.

¢ Evacuate:

Move site personnel to a safe distance upwind of
the incident.

Monitor the incident for significant changes. The
hazards may diminish, permitting personnel to
reenter the site, or increase and require public
evacuation.

Inform public safety personnel when thereis a
potential or actual need to evacuate the offsite
population. Do not attempt large-scale public

* Review and revise all aspects of the Contingency
Plan according to new site conditions and lessons
learned from the emergency response. When
reviewing the information, consider typical ques-
tions such as:

Cause: What caused the emergency?

Prevention: Was it preventable? if so, how?
Procedures: Were inadequate or incorrect orders
given or actions taken? Were these the result of
bad judgment, wrong or insufficient information, or
poor procedures? Can procedures or training be
improved?

Site profile: How does the incident affect the site
profile? How are other site cleanup activities
affected?

Community: How is community safety affected?
Liability: Who is Rable f'mdamage payments?

Documentation

The Project Team Leader should initiate the investigation
and documentation of the incident. This is important in all
cases, but especially so when the incident has resutted in
personal injury, onsite property damage, or damage to the
surrounding environment. Documentation may be used to
help avert recurrences, as evidence in future legal action,
for assessment of lability by insurance companies, and
for review by govemment agencies. Methods of docu-
menting can include a written transcript taken from tape
recordings made during the emergency or a bound field
book {not a looseleaf book) with notes. The document
must be:

¢ Accurate: All information must be recorded objec-
ﬁuel '-

e Authentic: A chain-of-custody procedure should
be used. Each person meking an entry must date
and sign the document. Keep the number of
documentors to a minimum {to avoid confusion
and because they may have to give testimony at
hearings or in court). Nothing should be erased. Iif
details change or revisions are needed, the person
making the notation should mark a horizontal kine
through the old material and initial the change.

* Complete: At a minimum, the following should be
inclhuded:

Chronological history of the incident.
Facts about the incident and when they became

evacuation. This is the responsibility of government available
authorities (see Table 12-3). Title and names of personnel; compesition of
teams.

Actions: decisions made and by whom; orders
given: to whom, by whom, and when; and actions

Follow-Up taken: who did what, when, where, and how.
Before normal site activities are resumed, personnel must Types of samples and test resutts; air monitoring
be fully prepared and equipped to handle another results.
emergency. Possible exposures of site personnel.
= Notify appropriate government agencies as History of all injuries or flinesses during or as a
required. For example, OSHA must be notified if result of the emergency.
there have been any fatalities or five or more
hospitalizations. References
* Restock all equipment and supplies. Replace or 1. US. Department of Transportation. 1984. DOT 1984
repair damaged equipment. Clean and refuel Emergency Response Guidebook. DOT P5800.3. U.S.

equipment for future use. Department of Transportation, Washington, DC.
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