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INTRODUCTION

The Inland Oil Spill Control Course has been developed to provide its parti-
cipants with a basic knowledge of the effects of spilled oil and the equipment and
strategies needed to effectively deal with these spills. A good way to begin to
develop an awareness of the potential oil spill problem is to review statistics. In
this way, one can gain a better understanding of the magnitude of the oil spiil

problem.

From 1977 through 1981 a total of 53,115 spills were reported in the United
States (Table 1). About 74 percent of these incidents occurred in the Great
Lakes and coastal regions. But, while almost three-fourths of the incidents
occurred in large bodies of water, inland sbills accounted for about 57 percent of
the total spill oil volume. |In fact, during the past few years, increasing volumes
of spilled oil have come from inland sources (Table 2). For these inland sources,
64 percent of the volume was spilled in river areas, and 29 percent in non-navig-

able areas.

Another way of réviewing spills is by their cause. The United States Coast
Guard lists 17 possible categories for spills (Table 3). The major causes of oil
spillage by occurrence were tank overflow, pipeline rupture and leak, and huli
and tank rupture and leak (Table 4). Similarly, the major causes for oil spills

by volume were hull and tank rupture and pipeline rupture with leak (Tabie 5).

Products spilled most often include crude oil, diesel, and waste oil when
judged by occur‘rence1, with gasoline, other distillates, solvents, and asphalt
spilled less often. Spilled products occurring in the greatest volume included

. . 5 € 1
crude oil, fuel oil, diesel, and gasoline.

1Greater‘ than 10 percent of total spillage.
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These statistics indicate a need for oil spill control training, especially in inland

areas.

Course Objectives

The purpose of this course is to provide the trainee with information and
training necessary for handling an oil spill within the capabilities of manpower
and equipment at a company facility. To achieve this goal, the instructional staff
will provide classroom discussions and practical experiences designed to maximize
the effectiveness of an oil spill supervisor under spill conditions, to permit him
to work within the framework of the law, and to learn ways to minimize expense
and liability to the company. It is the school's aim that when a trainee leaves at
the end of the week he will be able to:

1. recognize potential spill situations,

2. modify existing contingency plans to make them more current and prac-
ticable and to include experiences learned from previous spills,

3. establish a supervisory team to execute a contingency plan,

4. organize, train, and direct a response team,

S, recommend and direct the use of proper oil spill equipment, such as
skimmers, booms, sorbents, and other tools required to mount an

effective spill cleanup,

6. preplan arrangements for additional support equipment and supplies not
readily available,

7. establish plans' for an effective communications system during a spill,
which include radio, telephone, and public address systems,

8. meet legal requirements for properly reporting oil spills,and

9. effectively handle public relations aspects and be aware of the legal
implications at a spill scene.




TABLE 1. OIL SPILL INCIDENT OCCURRENCE IN PERCENT

1977 1978 1979 1980 1981
Atlantic Coast 21.2 23.2 24.9 22.0 22.8
Gulf Coast | 34.8 30.4 35.3 24.4 20.0
Pacific Coast 17.3 18.7 14.7 15. 2 12.7
Great Lakes 1.8 Sub 6.5 5.0 2.8
Inland 19.4 22.3 18.7 33:2 41.0
Other 0.2 _0.7
Total 100% 100% 100% 100% 100%
Total Incidents 10,660 11,950 10,990 9,194 8,376

('From U.S. Coast Guard - "Polluting Incidents In and Around U.S. Waters, 1977

and 1978, 1978 and 1979, 1979 and 1980, and 1980 and 1981.")



TABLE 2. OIL SPILL VOLUME IN PERCENT

1877 1978 1979 1980 1981
Atlantic Coast 38.3 54.4 17.6 12.3 3.5
Gulf Coast 30.1 19.¢ 31.4 8.7 2.3
Pacific Coast 5.3 1.8 8:3 2.2 ;g
Great Lakes 3. 0.9 2.2 4.8 0.7
Inland 23.2 3.1 40.4 61.8 2.2
Other e > L - 0.2 it ML
Total 100% 100% 100% 100% 100%
Total Volume
(gallons) 8,979,381 14,343,996 10,500,344 10,171,050 17,668,622 .

(From U.S. Coast Guard - "Polluting Incidents In and Around U.S. Waters, 1977

and 1978, 1978 and 1979, 1979 and 1980, and 1980 and 1981.")
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TABLE 3. LIST OF OIL SPILL CAUSES (U.S. COAST GUARD)

Hull/Tank Rupture
Transportation Pipeline Leak
Other Structural Failure
Pipeline Rupture/Leak
Other Rupture/Leak

Valve Failure

Pump Failure

Other Equipment Failure
Tank Overflow

Improper Equipment Operation
Other Personnel Error
Railroad/Highway/Air

Bilge Pumping

Ballast Pumping

Other Intentional
Natural/Chronic

Unknown
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TABLE 4. TOP FIVE IDENTIFIED SPILL CAUSES BY INCIDENTS

1978

1979

1980

1981

Tank Overflow

Hull/Tank
Rupture

Other Equipment
Failure

Pipeline
Rupture/Leak

Transportation
Pipe./Leak

Tank Overflow

Hull/Tank
Rupture

Pipeline
Rupture/Leak

Personnel
Error

Other
Personnel
Error

Tank Overflow

Pipeline
Rupture/Leak

Hull/Tank
Rupture

Other Equipment
Failure

Other
Personnel
Failure

(From U.S. Coast Guard - "Polluting Incidents In and Around U.S.
1979 and 1980, and 1980 and 1981.")

Tank Overflow

Pipeline
Rupture/Leak

Hull/Tank
Rupture

Other Equipment
Failure

Other
Personnel
Failure

Tank Overflow

Pipeline -
Rupture/Leak

Hull/Tank
Rupture

Other Equipment
Failure

Improper
Equipment
Operation

waters, 1977 and 1978, 1978 and 1979,
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TABLE 5. TOP FIVE IDENTIFIED SPILL CAUSES BY VOLUME

1977 1978 1979 1980 1981
Hull/Tank Hull/Tank Hull/Tank Pipeline Hull/Tank
Rupture Rupture Rupture Rupture/Leak Rupture
Pipeline Other Pipeline Other "Pipeline
Rupture/Leak Structural Rupture/Leak Structural Rupture/Leak

Failure Failure

Transportation Pipeline Transportation Hull/Tank Tank
Pipeline Rupture/Leak Pipeline Rupture Overflow
Leak Leak
Other Equipment Tank Overflow Other Other Other
Failure Structural Intentional .Personnel

Failure Error
Railroad/ Railroad/ Other Equipment Tank Overflow Other
Highway/Air Highway/Air Failure Intentional

(From U.S. Coast Guard - "Pollutin
1979 and 1980, and 1980 and 1981.")

g Incidents In and Around U.S. Waters, 1977 and 1978, 1978 and 1979,
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OIL IN THE ENVIRONMENT

Our environment provides the basic needs of man: food, oxygen, and
water. In addition it provides a challenge and creative stimuli for recreation,
aesthetic beauty, and ideas. Biologists are concerned about plants and animals
because living organisms form intricate and sometimes delicate associations that
can be disturbed by an outside influence. A disturbance, such as an oil spill,

can affect one or several organisms which can affect organisms used by man.

The effects from large ocean spills on chemical, physical, and biological pro-

Ve % 3 yet the effects from

cesses have been well published and documented,
inland spills are not as well known. Although some experiments on inland
organisms have demonstrated physiological stress induced by hydrocarbons,
dynamic spill induced changes in organism populations are only beginning to be

understood.

The most thoroughly studied organism affected by hydrocarbons is man.
The way in which oil affects man will be similar to many of the effects oil might
have on plants and other animals.

\

Effects On Humans

(o) i n ; jor
The harmful effects can vary from chronic to acute.4 The problems arise from
those hydrocarbons that are distilled from crude. A major problem with short
carbon chained alkanes, such as those hydrocarbons which make up gasoline, is
flammability, but these vapors can also exert a slight anesthetic and depressant

effect on the central nervous system at concentrations from 5 to 10,000 parts per
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million (ppm) (up to 1 percent of air volume). Larger concentrations (up to 4 ‘
percent air volume) may induce narcosis and convulsions leading to death. At
extremely high concentrations, these products can displace inhaled oxygen and
Cause anorexia and asphyxiation. A more common problem with alkanes is irri-
tation of skin and mucous membranes. Carcinogenic, teratogenic, or mutagenic

effects have not been found in humans or other mammals.

The aromatics are ringed hydrocarbons such as benzene, toluene, and
xylene. Although benzene has been recognized as a toxic substance (as low a
0.7 percent air volume), lower concentrations can affect the central nervous sys-
tem (respiratory paralysis, mucous membrane irritation with pulmonary edema,
gastrointestinal irritation, skin blistering, and paraesthesia - loss of tactile

sense). The effects of toluene and xylene are not as extreme. Toluene effects

are documented by painters and "glue sniffers" habituation. Both chemicals can
cause fatigue, mental confusion, loss of coordination, severe nervousness, and
insomnia as well as skin and mucous membrane irritation. Although benzene can

occur in crude and gasoline, toluene and xylene are not as common.

Other aromatics such as phenols and cresols occur in some crudes. Since
phenolic compounds (phenols) are acidic, they can be corrosive to skin, eyes,
and membranes. They can also induce nausea, vomiting, difficult breathing,
ulmonary edema, headache, visual disturbance, convul ions, and partial P, I-
p Y ‘ “I e ! i fs 44 & ™ :-~‘~$‘ W%l it \\.p w

e gt s, #
ysfs.” Many phenolic compounds are readily absorbed into the bIoodA stream and

' . Y

-
have acted as carcinogens and co-carcinogens in animals. Cresols also cause skin
and mucous membrane irritation and corrosive tissue burns, especially tissues of

the kidney and liver. Their microbicidal effects have long been known, as

cresol-treated posts resist the attack of bacteria and fungi. ‘




Crude oils may contain metals which can be carcinogenic, mutagenic, or
teratogenic. Lubricants usually contain metals. The effects vary from skin

irritation, kidney or liver damage, and cumulative poisons to death.

Generally, the effects by hydrocarbons can be categorized into five (5)

classes:

T Direct Lethal Toxicity (death)

2. Sublethal Disruption of Physiological Activities (depression,
nausea, narcosis, convulsions, fatigue, insomnia, pulmonary
edema, gastrointestinal irritation, paraesthesia)

3 Direct Physical Coating (mucous membrane irritation, skin
blistering, death)

4. Incorporation of Oil In Organisms' Body (carcinogenic, tera-
tagenic, mutagenic, death)

5. Alteration of Habitat (acidity, heavy metals accumulation,
death)

Studies of these effects during actual spills have been limited. Furthermore,
many of the acute effects may require prolonged exposure or heavy doses.
However, the chronic effects can bring about poor worker performance and/or
damage claims. Therefore, personal and public safety should be a primary

consideration.

Spills On Land

When oil is spilled on land, some oil will evaporate, some oil will stay on the
surface, and some oil will penetrate into the soil. Oil that evaporates generally
does little harm, as the vapors disperse below harmful limits. However, accum-
ulated vapors in low lying areas (stream bottoms) or highly flammable products
can ignite and cause thermal damage (burn scars, dehydration, and/or death) to

both plants and animals.




Oil that stays on the land surface can coat plants and animals with varying
effects. Total coating can smother an organism. The effects of partial coating
will vary with the season. Generally, plants coated during the non-growing
season (due to cold temperatures, extremely hot temperatures, or dry season) are
affected less than during growing seasons. Plants coated with oil during the
growing season (especially early in the growing season) may cease photosynthesis
due to the oil limiting light from reaching the leaves. The complete or partial oil
coating on plant leaves can also be toxic to the plants,7 can reduce seed pro-

G ARTER Suy SRy
duction,” or can reduce germination.

Generally, plants that live only one year or less (annual plants) are not as
tolerant of oiling as plants that live more than a year and that can regenerate
from roots (perennial plants). This trend has been found in the tundra where
mosses, lichens, and liverworts are affected more than dwarl and woody

shrubs,m in grassland with annual and perennial grasses,”, in forests with

12, 13 14, 15

various trees, and in marshes with annual and perennial grasses.

When plants are not tolerant of oil, elimination of plant species can be as
high as 90 percent during the first year after the spill. On the other hand,

5,8

light oiling has been found to stimulate some plants. If the number of plants

is reduced, the spill can contribute indirectly to soil erosion.

Oil that seeps into the ground can have direct effects on plants (Fig. 1)
and other organisms that may affect plants or animals. Besides direct toxicily to
rools, oil can decrease oxygen in soil by filling air-filled pores. Kerosene based
;e fuels are particularly resistant to oxidation due to the addition of oxidation
‘nhibitors.  Generally, oil oxidation is highest for crude followed by leaded

gasoline, kerosene, motor oils, and diesel fuel.




With an increase in oil, some decomposing micro-organisms can increase,
which can decrease or stop plant growth. Oil can reduce nutrient availability and

8, 9, 18

increase toxic elements to plants. Qil has also been shown to interfere

with root uptake of water'.19

Changes in micro-organisms' numbers (bacteria and fungi) can occur after an
oil spill (Fig. 2). Since bacteria and fungi are necessary for the breakdown
of organic matter, including oil, and the recycling of nutrients, changes in their
numbers can affect their ability to degrade organic matter and supply plants and
other organisms with nutrients (Fig. 3). Oil can change the numbers of a
species by death of micro-organism520 and/or by stimulating growth of other
micr-o-or'ganisms.21 For example, a microrhizal fungus (root fungus) aids plants
in acquiring nitrogen. Crude oil is known to decrease these fungi, thereby

decreasing plant gr‘owth.22

Other problems may result from the fact that some species that degrade oil
change an insoluble hydrocarbon into a more soluble hydrocarbon, such as naph-
thalene, xylene, or benzene, that can dissolve into the groundwater and cause
pollution of potable waters;25 also, some species of micro-organisms which may

increase after a spill are known to be pathogenic.23' 24

The effects of land spills on animals generally are a problem more to small
animals with little mobility than larger animals with greater mobility. Most
mammals and birds will avoid oil contaminated land unless they are incapable of
leaving. For example, two dead sheep were found after consuming oiled seaweed

26

which was their main winter food source. Small animals such as worms,

spiders, and insects contacting oil can die from oil toxicity or from physicai
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restraint of highly viscous oils. For example, experimental populations of
crickets were reduced by as much as 70 percent due to oil ingestion and integ-

ment absorbtion. e7

Oils On Water

Oils can enter marshes, lakes, streams, or rivers by surface runoff, sub-
surface oil spreading, oil in underground water flow, or spills on water. Its
effects can be toxic enough to cause death or physiological stress; or it can have
few observable effects on plants and animals. Phytoplankton production (micro-

28, .29

scopic plants) has declined following exposure to crude or has remained

unchanged after crude exposure.30 This same variability in response has been

% This variability may be caused by the

found for alga&31 and marsh grasses.7’
type of oil, the amount of time an organism is exposed to oil, and the physio-
logical condition of the organism. Although the reduction in productivity may be
caused by many factors, a few possibilities are: reduced bicarbonate uptake,

33 and inhibition of DNA and RNA biosynthesis.34

which affects photosynthesis,
The problem with reduction in productivity is a change in population of organ-
isms. In an experimental benthic algae community, the use of No. 2 fuel oil,
Nigerian crude, or used crankcase oil depressed the green algae and diatom
pr‘oduc’cion.35 Furthermore, this condition allowed blue-green algae to develop.

/A reduction in plant productivity will require its predators (animals) to change

diet, reduce growth rate, move to an uneffected area, or face starvation.

Oil effects on animals have resulted in wildlife losses as dramatic as some
marine oil spills. A crude pipeline leak under river ice resulted in the death of
10,000 ducks, muskrats, and beaver's.36 Following an aviation gasoline spill in a

stream, 2,500 fish and macroinvertebrates (insects, crustaceans, snails, worms)
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died within the first two miles of the spill.37 A diesel spill in a creek resulted in
an estimated 90 percent fish loss and the death of many macroinvertebrates.38
After a No. 2 fuel oil spill in a creek, 20 carp, a turtle, a beaver, and a wood

duck died.39 Runoff from a gasoline tank truck collision into a pond resulted in

the death of three wood ducks and an undetermined number of snakes.40

One reason for spill related death to animals is hydrocarbon toxicity. Al-

—

though freshwater organisms have not been as extensively studied as marine
organisms, oil can cause death or physiological stress in an animal (Table 1). In
marine environmenls, hydrocarbon toxicity can result in individual death, physio-
logical stress in body organs, behavioral changes, and teratological effects.41’ 92
Physiological stress includes lesions in veins, intestines, gills, kidneys, and
increased respiration rates. Behavioral changes include reduced chemotactic
perception (antenna reception in invertebrates) which can affect food locating
behavior, predator perception, sexual partners finding, aggression, and groom-
ing. Teratological effects (especially in birds) include inhibition of gonadal

development, reduced egg production, and embryo or young malformations (Table

2);

The chance of an organism being affected by a spill will depend on the type
of oil (particularly those with soluble aromatics), time exposed to oil and the
physiological condition of the organism. Generally, those organisms that live at
the water's surface or frequently visit the water's surface (high concentration of
0il) will be affected more than organisms deeper in the water column (low concen-
tration of oil) (Fig. 4). However, shrimp, a water column species, have been
shown to survive toxicity experiments; yet during spills massive dieoffs have
occurred as shrimp obtain lethal doses by surfacing at night and contacting

slicks.so The surfacing behavior is also known for zooplankton. Although after

B-9




a spill zooplankton were not affected by oil, they contributed an estimated 20 ‘

percent or more of oil volume to the bottom fecal dr‘oppings.61

Shrimp and Zooplankton surface at night to feed

13-10
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TABLE 1.

OIL TOXICITY ON FRESHWATER ORGANISMS

Organisms Oil Type Reported Toxicity Remarks Reference
Asplanchne 10 crude oils Crude oils were toxic to rotifers. 43
Sieboldi Stress in surviving rotifers showed
(rotifer) reduced consumption and productiv-
ity rates. Oil had no effect on
longevity.
Dapnicmagma Napthalene 13.2 mg/l 24 hr LC50 Dapnia showed sluggish behavior -
Zdapniai and decreased hemoglobin concen-
3.4 mg/l 48 hr LC50 tration.

Procambarus Water soluble Crayfish took up napthalene upon 45
acutus fractions of exposure and excreted napthalene
P. clarkii No. 2 fuel oil when placed in oil free environ-
Zcrayfish ) ment.
Cipangopalundine  Poly-nuclear Bioaccumulation concentrations were 46
chineasis aromatic 15 to 200 times higher in moilusea
(freshwater hydrocarbons than in sediments.
Mollusea)
Jordanella Waste crank- Oil affected 30-day and 100-day 47
floridae case oil old larvae survival due to metals
(American flag- in oil.
fish larvae)
Salmotrutta 2, 4-dichlorophenol 1.7 mg/I 24 hr LC50 48
(brown trout) 2, 6-dichlorophenol 4.0

2, 3, 5-trichlorophenol 0.8

3 chloro-o-cresol 2.0

4 chloro-m-cresol 143
Lepomis Benzene 22.49 mg/I| 49
macrochirus Cyclohexone 34.72
(bluegill Phenol 23.88 96 hr Tl
sunfish) Toluene 24.00 '




(03]
X
N

Organisms Oil Type Reported Toxicity Remarks Reference
Carassius Benzene 34.42 mg/I
auratus Cyclohexone 42.33
goldfish) Phenol 44.49 96 hr TLm
Toluene 57.68
Lebistes Benzene 36.60 mg/I
reticulatus Cyclohexone 57.68
(guppies) Phenol 39.19 96 hr TLm
Toluene 59.30
Pimephales Phenol 8.3 mg/I 48 hr LC50 50
romelas 29.0 96 hr LC50
Efathead minnow) 23.0 192 hr LC50
Lepomis Benzene 20 mg/I| 24 hr TLm 51
macrochirus Kerosene 2,990
(blue gill Phenol 19
sunfish)
Gambusia Cyclohexone 15,500 mg/I| 24 hr TLm 51
affinus Heptane 4,924
(mosquito Napthalene 220
fish) Cresol 24
Xenopus lacuis Napthalene 2.1 mg/I 96 hr LC50 52
(African clawed
frog)
Rana catesbeiana Bunker C 0.13-10.0% Within 7% hrs. 72.8% of the number 53

(larval bullfrog)

of frogs floated to the surface
regardless of concentration com-
pared to 4.9% of control group.
Latter larval stages more suscep-

tible to mortality, larvae had
high accumulations of oil in
buccal cavity and intestinal
tract.
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Organisms Oil Type Reported Toxicity Remarks Reference
BIRDS

Anas Prudhoe Bay crude Mallards tolerated large quantities 54
platyrhyuchus of crude mixed in their diet.

(mallard)

Grus canadensis
(sandhill crane)

Falco spareurius
(American kestrol)

Anas
platyrhyuchus
(mallard)

Anas
platyrhyuchus
(mallard)

Somateria
mallisima

(common eider)

Larus marinus
(great black
backed gull)

Sterna
sandivicensis
(sandwich tern)

Larus ateirilla
(laughing gulls:

Prudhoe Bay crude

Ixtoc | oil

South Louisiana
crude

South Louisiana
crude

Kuwait crude
No. 2 fuel oil

No. 2 fuel oil

No. 2 fuel oil

No. 2 fuel oil

No. 2 fuel oil

Cranes tolerated high doses of 55
oil in diet.
Oil ingestion study showed crude 56

possesses little hazard to free
ranging kestrels.

Oil ingestion reduced egg pro- , 7
duction of hens, reduced growth
in ducklings, biochemical lesions
in ducklings' liver and kidneys.

Oiled eggs: microliter applications
of crude or refined oils on the
surface of fertile eggs caused

death to embryo or malformed chick.



Organisms Oil Type Reported Toxicity Remarks Reference
Hydranasse No. 2 fuel oil

tricolor

(Louisiana heron)

Hydranassa Weathered Libyan Weathered oil applied to water- 58
tricolor crude bird eggs caused embryo mortality.
(Louisiana

heron)

Aras Weathered and No to .icity of kerosenes to 59
platyrhyuchus unweathered eggs attributed to absence

(mallard) aviation kerosene of high molecular weight

aromatics in kerosene.




Another reason for spill related death is oil coating an organism. Although
low viscosity oils (gasoline, diesel) a}'e usually more toxic than highly viscous oils
(bunker C, heavy crude, weathered crude), highly viscous oils usually cause
more damage by coating organisms. The highly viscous oils can physically entrap

62, 63

insects, worms, and mollusks or reduce the insulation ability of mamal hair

64, 65, @@ Oiled birds and mammals would need to increase

or of bird feathers.
body heat 1.7 to 2.5 times greater than normal to maintain body warmth. This
would require an increase in food intake and/or increase body fat metabolism.

Failure to do so can result in pneumonia, starvation, and death (Table 2). Birds

most often affected in inland waters are the following:

1. divers (loons, grebes, cormorants, pelicans)

2: waterfowl (ducks, geese, swans, merganzers)

3. waders (herons, egrets, sandpipers, plovers, gulls, and
terns)

4. hawks (peregrine falcon, osprey, bald eagle)

Birds affected least are most land birds (quail, pheasant, jays, starlings, wood-

peckers, and sparrows).

Marine mammals generally have insulation of fat and hair which provides thein
protection from loss of body heat when coated with oil. Except for a few hair
seals, marine mammals have few problems with spills other than eye irritatior.
However, freshwater mammals, many being small, can have problems. After the
Sullom Voe oil spill,13 otters (Lutra lutra) were dead apparently due to oil coat-

ing.26 Other evidence from oil sludge pits, tar pits, and oilfield spillage pits

demonslrates oil's ability to entrap wildlife, as shorebirds, numerous ducks,

herons, mockingbirds, crows, hawks, owls, cottontails, rats, skunks, toad:,

grasshoppers, beetles, dragonflies, moths, and butterflies were found trapped ‘n

the oH.67
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TABLE 2. SUMMARY OF OIL EFFECTS ON BIRDS

Oil on Birds
e Pneumonia
2. Starvation
X i Death

Jil in Birds
P Inhibition of Gonadal Development
2 Reduced Egg Production in Hens
3. Embryo Malformation
4. Chick Malformation

5. Reduced Growth Rate in Ducklings

Oil on Eggs
1: Embryo Death

25 Embryo Malformation



Deterring Wildlife

When wildlife (primarily birds and mammals) can be harmed by a spill, a
natural consideration would be to keep the oil away from the wildlife or the wild-
life away from the spill. Althoug deterring wildlife can be accomplished, a single
technique will not work on all birds or mammals. Furthermore, deterrent devices

may be useless where breeding wildlife have nests, dens, or young.

Deterrent techniques have been developed to encourage birds and mammals tc
stay away from airports, oil ponds, oil lagoons, and other ar'eas.68 They use
sound stimulus, visual stimulus, or both stimuli to scare wildlife. Wildiife
responses to a stimulus vary. Diving birds, such as loons, grebes, cormorants,
and anhingas will usually dive in response to danger, while non-diving birds,
such as dabbling ducks, gulls, and coots, will take flight in response to danger.
Molting birds may be incapable of leaving an area. Wildlife will become habituated
to a deterrent device with time. Therefore, deterrent devices should be used
only where wildlife is threatened and should not be deployed due to its avaii-
ability. Also, birds tend to contact oil more often at twilight and at night wh: .
cleanup operations are few. Many water birds roost in ponds, lakes, marshes
and rivers. Therefore, a good wildlife deterrent must be mobile, effective over a

large area, effective for wildlife threatened, and effective at day and night.

Some examples of sound deterrent devices are distress calls, predater
sounds, Av-Alarms, pyrotechnics, and gas exploders. Distress calls are recorded
calls of a species that when broadcast cause the species and possibly closely
related species to disperse. Although most species are slow to habituate to their
own distress call, some species do not or rarely give a distress call. Predator

sounds have been used in marine environments by using killer whale sounds tc
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disperse seabirds and on land to remove flocks of birds from 'cr'ees.69 Their use
in inland areas has not been tested thoroughly. The Av-Alarm is a proprietory
device that produces loud sounds in the frequencies of the species to be dis-
persed. The sounds are thought to interfere with the communications of the
flock, therefore creating stress in the species which causes them to disperse.
The sounds from one of these devices are also effective on people. Pyrotechnique
devices make a loud noise and/or light flash to scare wildlife, although the stimuli
does not mimic any naturally occurring experience. Some examples are shell
crackers, verey flares, rock :ts, mortar shells, and dynamite. Shell crackers are
used in a shotgun usually to produce a loud pop or crack and a puff of smoke at
a distance from the shotgun. Shell crackers are commonly used at airports with
bird problems. Verey flares shot from a hand gun produce a trail of smoke, a
flare, and a loud pop. When using pyrotechniques, oil flammability and operating
aircraft should be considered as a pyrotechniques' usability. Gas exploders use
propane or acetylene gas to ignite and produce a loud pop somewhat similar to a
shotgun shell being fired. They have been widely used in agricultural areas to

disperse seed eating birds and in grasslands to disperse coyotes.

Devices that use visual stimuli include scarecrows, dyes, lights, reflectors,
" hawks and falcons, and food lures. Scarecrows are generally of limited value
because wildlife becomes habituated to the device and it only works during the
~daytime. However, human effigies in small boats that rock with wave action have
shown some success.70 Dyes producing colored water or colored oil could be
quickly applied by aircraft but would be only effective during the day. The
“esting of eight colors has shown orange to be the best deterrent, with black
heing the worst deter‘rent.71 Search lights and flashing lights have been suc-

cessful at dispersing feeding and flying walerfowl at night. However, search

B-18




lights may attract some birds, especially during rain, fog, or heavy cloud cover.
This phenomenon is particularly notiéeable at inland areas adjacent to the Gulf of
Mexico from the end of March to the middle of May, when billions of small birds
migrate across the Gulf and are attracted to light. In using strobe or flashing
lights, the optimal color tends to be red with a flashing rate of 6 to 12 seconds.
However, this rate can stimulate epileptic seizures in susceptible people. Refiec-
tors such as aluminum pie tins have shown only limited success. However, their
success has been increased by allowing tins to move. Aluminum tins work best
on sunny days. Similarly, hawks and falcons work well on fair weather days.
They require extensive care and training, and work best over inland areas.
Food lures may attract birds away from a spill or may attract more than a normai
number of birds to a spill area. Since a food lure would need to be placed near
the spill to be effective, it may attract high numbers of birds upon continuous

use for several days.

The use of aircraft and model aircraft use both sound and visual stimuli to
scare wildlife. Although aircraft can quickly scare birds away from a large area,
some water birds will dive from the stimuli. Also, many birds will be reluctant to

leave wildlife sanctuaries, especially after the start of hunting season.

Saving Oiled Wwildlife

When oiled birds or mammals are observed, one may be inclined to "rescue"
the oiled animal. Before an animal is subjected to this stressful situation, a few
questions should be answered.

1. Would the animal be better off without being cleaned?

2.  Are there nearby facilities for cleaning the animal?
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} Generally, a light amount of oil may not hinder an animal's daily activity. If
an animal is moderately or heavily coated the animal may be saved if cleaned.

| However, if cleaning cannot be initiated quickly (within one day of capture) the

chances for the animal's survival diminish.

|

i Another consideration is the legal aspect. Although it is illegal to capture

3 and hold a migratory bird (includes ducks, geese, swans, cormorants, loons,
grebes, herms, egrets, and pelicans) without the appropriate U.S. Fish and
Wildlife Service and state permits, the law may be relaxed during an emergency.
Also, a person cannot capture and hold migratory birds until after permits have

been received.

If the animal would be more likely to survive after being cleaned, the first

step is to capture the animal. Depending on the animal type, the rescuer should

wear gloves, clothes to cover the body, including the arms, and goggles. These
coverings will reduce personal injury from animals that scratch or birds that
attack the eyes. Remember, animals can inflict painful injuries by biting or
scratching. Some oiled animals can be easily caught with a long handled net.
However, animals should not be chased until they collapse due to exhaustion.
After an animal is captured, sometimes struggling can be reduced by covering its
eyes with some object to shut out light. Each animal should be placed in a
separate container for transportation. Boxes with lids work well for birds, and

garbage cans with lids work well for small mammals.

Ideally, animals should be transported to a rehabilitation center within one

cur. Therefore, it is imperative that rescue operations be preplanned. Even

e, 3

though publications can describe what needs to be done, without proper

training, cleaning efforts can be futile. Trained personnel can be found through
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:
| the state agency that issues bird handling permits, the fish and wildlife service,
zoos, or other wildlife exhibiting organizations. Organizations that clean oiled
animals are:
International Bird Rescue Research Center
| Aquatic Park
Berkley, CA 94710
Wildlife Rehabilitation Center
84 Grove St.
Upton, MA 01568
Overall, capturing and rehabilitating wildlife should be a planned operation
to minimize stress to the animals (Table 3). Cleaning wildlife can be success-

74, 75

ful. In some cases, oiled animals are more likely 1~ survive withou:

cleaning.
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TABLE 3. OILED WILDLIFE RESCUE AND RECOVERY PLANNING GUIDE ‘

i) Capture
Confinement
Transportation
Cleaning

Rehabilitation

O U H W N

Release
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Summary

Oil in the environment can follow many pathways (Appendix 1 and 2). It
may kill organisms, stimulate organisms, or hinder and stimulate different

organisms. The major problems with oil are:

T Direct lethal toxicity

2 Sublethal disruption of physiological activities
3 Direct physical coating

4. Incorporation of oil in an organism's body

5. Alteration of habitat

Although preventing oil from entering an area of high wildlife value is the best
way to reduce the impact of a spill, wildlife deterrent devices can help reduce cil
induced problems, particularly for birds and mammals. Multiple techniques are
suggested for deterring wildlife. When wild animial rehabilitation is considered,
an organized plan for capture, cleaning, and rehabilitation should be administered

with trained personnel.
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BIOLOGICAL

APPENDIX 1.

Direct Kill

Delayed Kill

Salability
or
Population
Density

BIOLOGICAL IMPACTS
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Coating/asphyxiation of animals and
organisms
Direct contact poisoning

Lethal dose of toxic soluble portion
results in death at some other location
Food chain interference

Reduced resistance to subsequent
infection

Possible incorporation of carcinogen
into the affected species and human
food chain

Kill of sensitive young of the species
Food chain interference requiring
migrations to less desirable areas
Tainting (taste/odor) to destroy food
value

Degradation of breeding/feeding areas
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APPENDIX 2. PHYSICAL IMPACTS

\
|
| -pleasure
| -Crafts — -military —| -enjoyable-use diminution
| ‘ -commercial
:
| -Soiling -beaches -use diminution
-Shorelines * —| -estuaries 1 -productivity diminution
-preserves
‘ eaa 1 . »
| -buildings
’ -Structures __| -piers __| -possible structural failure
| -bridges -use limitations
-roads
-Animals & _| ~birds -toxic effects
Plants -kelp ﬁ -tainting (taste/odor)
-Water Intake
-Fouling -— Structures/
Screens
-Aesthetic Quality -Odor
Degradation -Appearance
-Explosion _|life
-property
-humans — -illness

-potential source of carcinogen

.vYS'CAL — -Ingestion -aquatic species -emulsified oil affects breat': ;- -
& feeding mechanisms

-direct & indirect kills

==
-Hazard -terrestrial -preening by oil soaked bircis
species & birds direct kill potential
-Skin/Eye —1 -irritation "burns"
Contact
-humans
-Inhalation — -terrestrial
animals
-Gas Transfer
from Air to -affects oxygen
Water ~] regimen

-private property -use diminution
-value diminution

—|-Public/Private - -business property _'I-piers

|
\
‘ Land Use -other
-Interfering -roads _|-commerce
-pleasure
-recreation
-Other Water | -navigation
Uses -water supply

| -fish culture

-smothers bottom species
— -may resurface & recreate

-Depositing in

Bottom Sediment spill condition
| -destroys biologically productive area
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PROPERTIES OF OIL THAT AFFECT RECOVERY

Knowledge of how oil reacts after it is spilled is essential for effective oil
recovery. Crude oil and refined petroleum products are not made of one type of
molecule, but are mixtures of different molecules. The types of molecules are
similar in structures except for the number and position of carbon and hydrogen
atoms in each molecule. During the refining step the molecules are sorted,
altered, and reorganized to produce specific blends of molecular types that have

been found to work best for the customer (Figs. 1 and 2).

Each blend will act slightly different because the properties of the molecuies

change as the chemical structures change. As an example, one factor that con-

trols the oil spreading rate is the viscosity of the oil. The less viscous No. 2

’ oil, with shorter length molecules, will spread faster than the more viscous No. 6

oil which has much longer molecules.

Oil Spreading

Of the different ways oil may interact with the environment, the rate of
spreading is perhaps the most important. As discussed above, spreading rate is
a function of the viscosity of the oil. Viscosity is determined by the type of oil
molecule and the temperature. In the winter, when the temperature is very low,
oil spilled on the ground will not penetrate the soil as quickly or spread over the
surface as rapidly as it would in the summer. |If the ground is frozen, the oil
will not penetrate at all. A second factor affecting spreading rate is the surface
tension of the oil. Like viscosity, surface tension is also temperature dependent
and tends to restrict spreading at low temperatures. Although the factors that

. affect spreading are known and spreading rates can be predicted under carefully
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controlled laboratory conditions, spreading rates for actual spills are very diffi-
cult to calculate with any degree of accuracy. Outdoor test results using two
types of oil and two spill sizes are shown in Fig. 3. The dala from the figure
is not valid for accurately predicting slick areas with time for a particular fulure
spill because spreading rate is a function of temperature and other variables.
The graph is useful as a guide to show the relative effects of time, type of oil,
and quantity of oil on a slick area. A rule of thumb is that the diameter of an
oil slick will double between 4 and 12 hours after a spill for spills of up to 5000
barrels. It is essential to “emember that spreading is a serious problem to the

cleanup crew that can best be overcome by acting quickly to contain the spill and

remove the oil. 7/
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Viscosily affects cleanup efforts with regard to pumping recovered oil. The«

more viscous the oil, due lo oil type‘and temperature, the more difficult it will 22
to pump. It is therefore important to match pumps and hoses to the pumping
conditions. It is also important to know the oil's pour peint, which indicates th
temperature at which the oil can no longer be pumped. The pour pcint ten:;
erature will be a function of the makeup of the oil. A waxy crude oil will have
high pour point. Number 2 oil has a pour point of about 20°F. Number 6 oil :

a pour point greater than 100°F and therefore must be heated prior to pumping.

Oil Evaporation

Volatility is an important characteristic because it governs the rate of evap-
oration of spilled oil and will determine combustion properties. The flash point
and the lower flammable limit are two terms describing volatility. The flash pcir:
is the minimum temperature at which sufficient liquid is vaporized to create
mixture of fuel and air capable of being ignited. For example, the flash poiinc :
gasoline is -45°F (-43°C) and that of No. 2 diesel is 125°F (52.7°C). Thers. u. -
gasoline is likely to ignite in most spill situations. On the other hand, diesei
flash point is above normal temperatures at most spill events. This does nc:
mean that diesel will not ignite. An ignition source can provide the temperatu ¢
necessary for ignition and the initial combustion can provide the temperatuie

needed for continued combustion.

Combustion is possible when the ratio of fuel to air lies between carici.
limits. A mixture with not enough fuel (too lean) or not enough air (too rich;
will not support combustion. Since it is unlikely that a too rich situation wi‘
occur during a spill, the too lean mixture is of primary interest. The minimur

volume of fuel (vapor) that will support combustion is called the lower fiammabi:
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(explosion) limit. For gasoline, this volume can be as low as 1.4 to 1.7% of the
air volume. A preferred way to check for combustibility is with a combustible
gas detector. Remember that the combustible gas detector test is only good
where taken, and this information cannot be generalized for the entire spill area.
Furthermore, hydrocarbon products form a layer along the ground which will, in

time, mix with the air. The vapors are apt to settle in low places.

Most oils will emit combustible vapors, especially light oils such as gasoline
and aviation fuels (Fig. 4). Combustion is likely where oil is concentrated at
spill sources, behind booms, or on the shoreline. Since three things are re-
quired for combustion to take place [fuel, oxygen (air), and an ignition source],
the removal of any one requirement will prevent combustion. Therefore, fuel on
land can be covered with a foam blanket or dirt to remove the air. Ignition
sources can be removed. Some common sources are: flames (matches, ciga-
rettes), electric sparks (pumps, motors), static sparks, and hot surfaces

{mufflers, catalytic converters, pumps).

A complex mixture such as crude oil will initially lose light fractions by
evaporation followed by successively higher boiling fractions (Fig. 5). The
evaporation rate will be increased by high winds (Fig. 6). Rough weather con-
ditions also increase evaporation by exposing more surfaces of the oil at wave
crests and as sprays. Because evaporation is enhanced by increased surface

area, more evaporation will occur as the oil spreads.

Heavier components of crude oil will evaporate slowly and form a residue on
-ne water surface. The residue will have a higher specific gravity, a higher

viscosity, and contain greater concentrations of sulphur, metals, and wax than

the original crude. Evaporation will result in losing a significant portion of the
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spilled oil. Experience indicates that as much as 20 percent of the total weight of
oil can be lost within a few hours exposure. A much smaller percentage will be
lost afterward. This characteristic will assist the cleanup crew because the
amount to be removed is decreased. It also makes the remaining oil safer to

handle.
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Biological Degradation

When oil is spilled in the environment, microorganisms that inhabit the spill
area will begin to degrade the oil by using it for food. The rate of degradation
will depend on temperature, type of oil, availability of nutrients, and presence of
oxygen. It has been suggested that bacteria be added to oil slicks to permit the
organisms to degrade the oil at a faster rate. However, the process is more
complicated than merely adding organisms because of the requirement of oxygen
and nutrients needed for rapid degradation. The ralative effect of biological
degradation is significant depending on the location of the spill. For example,
there would be very little degradation in arctic waters, but considerable oil
degradation would occur in tropical waters. Compared to evaporation, however,

biological degradation is usually a small factor over a short period of time.

Other Factors

Most oils can be easily seen on top of the water with the exception of light
oils such as No. 2 fuel oil. Although No. 2 fuel oil floats, it is almost trans-
parent and very difficult to see when a worker is viewing the spill a few feet
above water. This is why it is helpful to use helicopters to find spills. Spilled
oil is usually much lighter than water and will alsmost without exception float,
although some heavy oils have been reported to sink. Kuwait crude residue has
a specific gravity of 1.023, and Franion Heavy has a specific gravity of 1.027.
However, it is not likely that these residues will sink if spilled in sea water,
which has an average specific gravity of 1.025. It is believed that a light

emulsion forms under the spill and acts to float the oil.
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A small amount of the oil will dissolve and emulsify in the water, depending

on the amount of light fractions and degree of mixing caused by currents, waves,

and vessel traffic. Light fractions will dissolve in water up to a maximum of

about 1000 parts per million. Table 1 lists some hydrocarbon solubilities -in

distilled water.

Generally, oil density will tend to affect the ease of dispersion of the oil
through the water column (Table 1). Light fractions will dissolve in water up to
a maximum of about 10,000 parts per million. The problems with oil dissolving in
the water are toxicity to aquatic life, odor in drinking water, flavor change in
drinking water, reduced cooling efficiency in cooling waters (power plants),
explosion hazard in industrial water supplies, and contamination of food or chemi-
cal products from receiving waters. If an emulsion occurs, a thin combination of
oil, water, and air (sometimes sand) can develop. Under certain conditions a
highly viscous emulsion called ""chocolate mousse" can develop which is difficult to

recover and persistent in the environment. After the Amoco Cadiz and Metula oil

spills, chocolate mousse persisted on the shoreline for years.z’ $iih The longer
oil persists in the water, the more water will combine with the oil to form an
emulsion (Fig. 7), and the thicker or more viscous the emulsion will become (Fig.
8). This will affect pumpability. Heavy oils and crude oils are most subject to
mousse formation. Although emulsion formation does not significantly slow down
the evaporation process, biodegradation is reduced due to the lack of available

oxygen inside the mousse.



TABLE 1. DENSITY AND SOLUBILITY OF OIL COMPOUNDS5

Compound Density Solubility In Water

PARAFFINS
Pentane .62 360 ppm
Hexane .66 138 ppm
Heptane .68 52 ppm
Octane .70 65 ppm
Nonane .72 c. 10 ppm
Decane VA c&' 3 ppm

NAPTHENES
Cyclopentane 1D "slight"
Methyl Cyclopentane 519
Cyclohexane .78
Ethylcyclohexane .79

AROMATICS
Benzene .88
Toluene .87
Ethylbenzene .87
Xylene 88

Napthalene 1:15
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The viscosity of oil also affects the way in which the oil will interact with a
beach when driven ashore. Light oil of low viscosity will tend to run off rocky
surfaces and to seep into beach sands. A highly viscous oil will more likely
remain attached on a surface such as a seawall or boat and will usually stay on

top of beach sand (Table 2).

When samples of spilled oil are taken for analysis to determine legal ques-
tions, it is recommended tha! the samples be taken soon after the spill and prior
to significant weathering of i(he oil. As the oil wealhers and loses volatile com-
ponents, the resulting subslance is slightly differenl than il was originally,
causing problems in identification. The Coast Guard has sponsored a considerable
research program to more accurately trace weathered oil. Like other detection
techniques, the new methods also work better with "fresher" samples, but they
are much more likely to determine if a particular weathered sample originated from

a particular facility. Sampling procedures will be covered later.

Summary

The two properties that immediately and most importantly affect spills are oil
spreading and evaporation ol volatile fractions. Spreading will hamper recovery
by distributing the oil over a greater area. Evaporation of volatile fractions aids
recovery by decreasing the amount of oil to be recovered. Evaporation causes
the viscosity and gravity of the remaining oil to increase. Although biological
degradation of spilled oil will take place, it is usually an important factor only
with long-term spills. Oil dissolution occurs to a relatively small extent, and the
emulsification of oil depends on the properties of the oil and mixing energy. As
oil weathers it becomes difficult to compare with unweathered oils. Therefore,

the sampling program should begin soon after the cleanup program is implemented.
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TABLE 2. PROPERTIES OF PETROLEUM PRODUCTS WHICH AFFECT THEIR SPILL BEHAVlOR‘I
Performance Relationship of
Critical Descriptive Auto Marine Fuel Qils Lube Performance
Property Property Gasoline JP-4 Diesel Diesel No. 2 No. 6 Qil Property to Spill
Viscosity Resistance to flow Low LOW LOwW LOW LOwW HIGH MOD - Low viscosity materials
(centistoke (=1.:4) (=3.0) (=2.0) (>75) HIGH spread easily over
at 100°F) ; surface
Surface Resistance to LOW LOW MOD MOD MOD MOD MOD Low surface tension
Tension spread over materials will spread
another liquid more readily
Volatility Tendency to HIGH HIGH LOW LOW LOW VERY VERY High volatility favors
evaporate LOW LOW evaporation--if combined
with low flash point,
present explosion hazard
Relative Tendency for all VERY VERY VERY VERY VERY VERY Emul- Soluble Components of
Solubility or portion of spill LOwW LOW LOW LOW LOW LOwW sifies spill (including additives)
to dissolve in water may be toxic to aquatic
organisms
Density " Mass per unit LOW LOW LOW LOW LOwW HIGH MOD Materials heavier than
(specific volume--tendency (=.73) (=.85) (=.82) (.9 - (.85) water (Sp Gr = 1.0) gen-
gravity) approx to sink in water 1.0) erally will sink--smother
bottom organisms--affects
shellfish
Emulsibility Tendency to form VERY VERY LOW LOW LOW HIGH HIGH High emulsibility spreads
stable suspension LOW LOW oil throughout water col-
with water umn, extends possible
contamination range.
Affects free swimming
species (fish)
Pour Point Lowest temperature LOW LOW LOwW LOW LOW HIGH LOW As pour point is ap-
at which oil will pour (20°F) (20°F) (60°F) (=10°2F) proached, spill spread
decreases
Flash Point Tendency to ignite VERY VERY LOW MOD LOW MOD VERY Low flash point combined
(min) LOW LOW (=104° (140°F) (100° (150° HIGH with high volatility =
{(-40°F) (-20°F) F F) F) (350°F) explosion hazard



Literature Cited

Dept. of Navy. 1977. Oil Spill Control for Inland Waters and Harbors,
NAVFAC P-908. Dept. of Navy, Alexandria, VA.

Long, B. F. N., J. H. Vandermealen, and T. P. Ahern. 1981. The
evolution of stranded oil within sandy beaches. In: Proc. 1981 Oil Spill
Conference. pp 519-524. American Petroleum Institute, Washington, DC.

Straughan, D. 1981. Intertidal ecological changes after the Matula oil spill.
Technical Report of the Allan Hancock Foundation No. 4, 138 pp. University
of Southern California, Los Angeles, CA.

Gandlach, E. R., D. D. Dameracki, and L. C. Thepeau. 1982. Persistence
of Metula oil in the Strait of Magellan six and one-half years after the
incident. Oil and Petrc hemical Pollution A(1):37-48.

Nelson-Smith, A. 1973. Oil Pollution and Marine Ecology. 260 pp. Plenum
Press, New York, NY.

URS Research Co. 1970. Evaluation of selected earth-moving equipment for

the restoration of oil-contaminated beaches. Final Report FWQA Contract No.
14-12-811. U.S. Government Printing Office, Washington, DC.

C-18




TAB PLACEMENT HERE

DESCRIPTION:

\ nTToJ %Sgonse AciionS

m Tab page did not contain hand written information

[] Tab page contained hand written information
*Scanned as next image

Confidential Records Management, Inc.
New Bern, NC

1-888-622-4425

9/08



INITIAL RESPONSE ACTIONS







INITIAL RESPONSE ACTiONS

When an oil spill occurs, a multitude of questions arise as to what proce-
dures to use to safely handle the event. Although the first company represen-
tative may not be in charge of all oil spill contrcl operations, his decisions are

crucial in controlling the spill at the spill scene.

Is the Product Flammabte?

If the product is flammable, removing ignition sources (hot automobile
engines and mufflers, cigarettes, etc.) will reduce the fire hazard. If flamma-
bility is questionable, hydrocarbon monitoring devices can be used to determine
this possibility (Appendix 1). Sincé continued hydrocarbon sensation upon
olfactory senses dulls the sense of smell, smell is not a dependable tool to locate
hydrocarbons. To reduce the fire hazard of flummable products, firefighting
foams can be used to cover the spill and lower the evaporation rate. Water fog

can also be used for vapor conlrol, but runoff will be increased.

Are People In Danger’

Once the site has been inspected, - people should be protected. First, the
response crew should stay upwind and the police and fire department should be
contacted. If someone is found unconscious (tank truck driver, vapor victim, or

other person), rescue should be initiated only by personnel using proper safety

procedures and equipment. This may include 'ull protective clothing, self-
contained breathing apparatus, and safety lines If product flammability or
toxicily are potential problems’, evacuation shoul.! be considered in downwind

areas. Local police, firemen, etc. should be used in evacuations due to their




familiarity with the area, knowledge of the people, and availability. The Depart-
ment of Transportation nas recommended evacuating people from an area at least
2,000 feet from the spill perimeter. Heat from hydrocarbon fires can be intense,
explosions can generate sudden winds by pulling air towards the flames, and
explosions can throw parts of metal containers in any direction. Determining the

extent of further evacuation can be aided with hydrocarbon monitoring devices.

To keep crowds from forming, traffic should be diverted to alternative
roadways. Remember, vehicles close to the spill scene should not be started until
it is safe. For spills in waterways, boat traffic should be stopped from entering
hazardous areas. To prevent and/or control crowds, security guards or police-
men can be used to direct bystanders out of the area. Further warning notices,
tape, flagging, rope barriers, and wood barricades can be set up to delineate a

hazardous boundary.

Product evaporation can be reduced by using foams (see Physical and Chem-
ical Agent section), soil burial, water flooding, and water fog. The use of
sorbents, dispersants on thin water layers, and sumping and trenching tech-

niques have proven only slightly effective at reducing evaporation.

Can The Product Be Safely Contained?

First, the leakage of the containers should be stopped or slowed. Depend-
ing on the situation, a pump station or valve can be closed shut, a drum can be
rolled with hole up, or a leaking tank can be plugged. Next, spill containment
cen be initiated. On roadways, sewers and drains can be blocked to prevent
explosion risk and sewage disposal contamination. On land, dams can be con-

structed in ditches, dry creeks, or other low places lo stop spill flow on the
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surface. Dikes or Llrenches can be constructed around the spill site to guide oil
to a collection site. Further, water can be added behind dams or dikes to reduce

spill penetration into the soil.

On water, underflow dams can contain oil while allowing water to flow
through. The main problem with underflow dams is vortex or whirlpool formation
on the upstream side. The vortex will cause oil to escape from containment. A
vortex can be eliminated by lowering the upstream end of the pipe in the dam or
raising the pipe end in front of the dam. This allows a greater water depth
between the pipe end behind the dam and the water surface. Another way to
minimize vortex formation is by placing a floating board over the vortex. This
action will prevent the vortex from obtaining its maximum size. Another device is
the culvert wier. A board, plank, or capable material can be placed in the water
on the inflowing end of the culvert. The culvert wier will stop or slow the oil on
the water's surface, yet allow water to flow underneath the weir. Although this
device is easy to construct, it can be difficult to maintain if the water flow varies
during the spill event. The same principle can be used in ditches and :mall
streams by placing a long board across the water to contain a spill. Containment
and collection of material can be accomplished with the addition of a sorbent
behind the board which is called a filter fence. The basic design is to have a
fence material (board, poultry fence, chain-link tence, etc.) that will keep the

sorbent from flowing downstream.

For larger bodies of water, beams should be used. (See'Containment of Oil
on Water section.) Furthermore, spills in larger bodies of water can be con-
trolled faster with the use of aircraft. Through the use of aircraft the super-
visor can get to the spill quickly, locate the oil, and determine the extent of the

spill much better than by boat or on foot. Sometimes aircraft are the only method
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of adequately following a spill. For example, a light oil such as No. 2 fuel oil is
all but invisible to an observer stationed near Lhe level of the water. From a
viewpoint above the water, an observer is capable ofv following the spill. In
observing a spill, many phenomenon that appear as oil may require surface con-
firmation. Cloud shadows, underwater plant growth (seagrasses), and suspended

sand particles near shorelines may all appear to be oil from an aerial view.

When surveying the spill site with aircraft, a camera or video recorder
should be taken to obtain photographic evidence of the work. A battery o~perated
tape recorder should be used to record the progress of the work and to provide
a statement for each photograph taken. A two-way radio should also be taken so
the supervisor will have contact with the ground operation. The aircraft will
have one or more radios but the frequencies will not be compatible with those

used in the cleanup work.

When a spill is in the containment and cleanup stage, the cleanup supervisor
should survey the area daily by air to assess the progress of the work. Small
pockets of oil can be located by air that may be missed by other methods only to
get away at a later time and recontaminate the cleaned area. Streaks of oil can
be located better from an aircraft. The effectiveness of booms can be determined
by watching for oil coming under the boom and surfacing downstream. Oiled
water fowl are easily located from the air and aircraft are sometimes used to scare

birds away from an area.

Usually helicopters or airplanes are used in aerial surveillance. The one

used may depend on availability, but there are advantages and disadvantages of

each (Appendix 2).




‘ Because of the valuable assistance of surveying a spill from the air, the use
of aircraft should be included in the contingency plan. Daily flights over the

spill area will permit documentation of cleanup progress using a camera and tape

recorder.

When aircraft are not available or viewing conditions are poor (night or

fog), oil movement can be estimated by knowing wind and current conditions.

The wind effect is calculated by:

Average or mean wind speed X .034 = wind effect.

For example, a 12 mile/hour wind results in
12 mph X .034 = 0.4 mph wind effect

‘ If both wind and current are present, vectors for each effect will estimate
slick movement. See Appendix 3 for vector calculations. In knowing the
spreading rate and changes in wind or current directions a spill's movement can

be estimated (Fig. 1).
Initial Spill Location

~

R Estimated Size and Location in 1 hours

Estimated
Size and Locatio

in 2 hours Estimated Size

and Location in 4 nhoi

Estimated Size
and Location in
3 hours

' Figure 1. Oil Spill Pathway and Slick Size Spill Boundaries
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Summary
Response to a spill should follow a logical sequence such as:

1. Is the product flammable? (Am | in danger?)
2 Are people in danger?
3. What is the problem magnitude?

4. Can the product be safely contained?

Once the hazard has been removed or reduced to an acceptable level, clean-

up activities can be initiated.




APPENDIX 1. MONITORING EQUIPMENT

Monitoring equipment can be categorized into oxygen monitors, combustible
gas indicators, and toxicity indicators (for carbon monoxide). Some monitors

come with more than one capability.

Oxygen monitors measure the percentage of oxygen in the air. In the

atmosphere about 20.9 percent of the air is oxygen. Man can live in as low a
concentration of 19.5 percent oxygen (OSHA standard). Ratings below this point
indicate an oxygen deficient area. Readings above 19.5 percent oxygen generally
indicate a liveable area. However, high CO (carbon monoxide) or HZS (hydrogen
sulfide) condilions could exist with a "liveable" oxygen reading, which could be

fatal.

Combustible gas indicators generally measure the ability of an air sample to

ignite. Two types are the MOS (Metallic Oxide Semiconductor) and the Hot Wire.
Both can be affected by leaded gasoline and other substances. Generally they
measure the percent of a gas or gases in the air. As with the oxygen moni.or,

combustible gas indicators do not measure HZS or CO concentrations.

Toxicity indicators generally measure the part per million concentration of a

gas, such as HZS or CO. The selection of a monitoring device(s) should include:
simple to operate, reliable, portable, fast response time, used under a wide range

of weather conditions, rugged, and corrosion resistant.
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Minimum Altitude
Urban
Rural

Minimum visibility

Landing

Other

APPENDIX 2. AIRCRAFT CHOICE

AIRPLANE

1000 feet
500 feet

1 mile
must avoid clouds

Usually needs airport
(therefore, you drive
to plant)

Avoid planes with wings
below windows

Avoid helicopters with
obstructions in windows
(vents, scratches,
discolored windows)

Greater flying time

Greater flying distance

HELICOPTER

Pilot does not create hazard to
persons or property

Pilot can avoid obstructions

Open area
(therefore, helicopter comes to

you)
Usually more expensive
Avoid helicopters with obstruc-

tions in wondows (vents,
scratches, discolored windows)




APPENDIX 3. VECTOR ADDITION?

N

Vw
{
270 0 |
|
|
180 |
B : Ve
!
l A
Vw= Wind Speed Vector
(Wind Speed X 3.4 %)
Marina Vc= Water Current Speed Vector
Area Vs= Slick Speed Vector

Procedure:

1

Lay out wind speed and water current speed vectors from known compass
headings. Use same scale (in/mph or knots) for both vector lengths.

\

Example: Oil slick is in an area where wind is 30 mph west and current is
0.5 mph south. (0.34 x wind speed = 1.0 mph). A ratio can be
set so that 1.00 mph = 2" and 0.5 mph = 1". The wind speed
vector is drawn 2" in length to the west and the current speed
vector is drawn 1" in length to the south.

Draw line parallel to Vw at tip of Vc (line A) and line parallel to Vc at tip
of Vw (line B)

Draw line connecting intersection of lines A and B with O (line Vs).
Measure lenglh of Vs in inches and determine mph from scale set in Step 1.

Take compass heading of Vs and speed of slick from Step 4. Estimate time
of arrival at sensitive areas. Deploy personnel and equipment as required.
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SURFACE AND SUBSURFACE OiL CLEANUP

Damage Due to Land Spills of Oil

While oil spills occurring on the water are visible and frequently receive
much publicity, underground leaks or tank truck accidents that allow the product
to penetrate the soil often receive less notoriety. Within the oil industry, how-
ever, the problems associated with hydrocarbon contamination of both the soil and
groundwater are well known. Spills from pipelines anc tanks have been numer-
ous, contaminating soil, streams, and groundwater. Some spills can be very
unpredictable. Underground spills can lie hidden for decades, in some cases

surfacing to pose cleanup problems years later.

Even small quantities of hydrocarbons spilled on barren ground may cause
difficulties.  Attendant problems include polluting water wells, damaging crop
lands, and causing general damage to the ecosystems. In some instances, surface
waters miles away from the original spill site may be contaminated by hydrocar-
bons transported through underground water systems. Another problem involves
volatile petroleum products seeping into basements, sewer lines, and telephone

conduits.

The varied effects of hydrocarbon spills on land are due in part to the
physical and chemical properties of both the spilled product and the soil itse!f.
Since the geology of a region may determine to a large extent how a spill will
behave, it should be carefully considered before attempts are made to respond to
an oil spill on land. Obviously, most oil spill cleanup on land will involve soils of
unknown characteristics. However, in areas where the potential for an oil spill is

great, a knowledge of the soil types and oil penetration depths into those solids
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will allow personnel in charge of cleanup to determine the most economically feas-
ible cleanup methods. Major land spills often require geological experts to assess

the situation and suggest cleanup procedures.

Sources of information concerning how oil acts on soil are varied. Actual
prespill field studies conducted at high spill risk areas, i.e., a storage facility,
yield perhaps the best estimates. In the absence of prespill information, rough
estimates of oil penetration in soil may be made post-spill by referring to county
soil maps to determine soil type, followed by calculations based on the type of

product spilled.

Oil Penetration of Soil

Types of Soil

If the soil is relatively homogenous in structure and its texture is known, a
reasonable estimate of petroleum penetration rates may be calculated. Texture,
for purpose of this discussion, refers to the percent by weight of three mineral
fractions: sand, silt, and clay. The sand fraction may be further classified
according to particle size. The U.S. Department of Agriculture classification

scheme is illustrated in Table 1.

TABLE 1. SIZE LIMITS OF SOIL SEPARATES1
Fraction Soil Separate Size (millimeters)
Sand Very coarse sand 2 = -}
Coarse sand 1-0.5
Medium sand 0.5 --0.25
Fine sand 0.25- = 0.1
Very fine sand 0.1 - 0.05
Silt Silt 0.05 - 0.002
Clay Clay below 0.002




I he percentage of each of the three main fraclions is used to name the soil

lexture (Fig. 1).
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Figure 1. Soil Texture Profiles

A knowledge of these soil texture types may be used in conjunction with
counly soil maps in order to approximate how petroleum may penetrate the soil in
any parlicular area. Generally, sandy soils are more easily penetrated by liquids
than the clay-type soils (Fig. 2). However, plant roots, rotting roots, and
cracks in soil can allow faster and deeper fluid penetration. The presence of
pipelines, buried cables, . telephone poles, and other ground modifying structures

can allow for oil movement along their routes.
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When a large volume of oil is spilled onto the soil, the oil may spread across
the soil surface and, depending upon its viscosity and the soil characteristics,
may penetrate the soil (Fig. 3). If oil reaches the water table, the oil may
depress the water table, forming a thick, lens-shaped mass that spreads through-
out the funicular zone above the groundwater table and is subject to the influence
of the groundwater flow (Fig. 4).3 The funicular zone is that region above and

approximately equal in thickness to the capillary zone.
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GROUNDWATER MOVEMENT ———
Penetration Depths of Oil

A calculation of how much soil the oil will contaminate or whether or not the
oil will reach the groundwater may be made if the soil properties are well known.

The following formula has been found to be of value in many c:-)ses.4

Formula 1

= maximum depth of penetration in meters (m)

volume of infiltrating oil in m3

= area of infiltration in m2

2. Pt T
I

= a constant, depending upon the retention capacity of the soil and the
viscosity of the oil (Table 2)

The accuracy of the calculations will be limited by the accuracy of the "K"

values. Again, the truest K values are those delermined by individual prespill

field studies. "K" values given in Table 2 are the estimates of one author for

dry soil (worst cases) conditions. Obviously, values for wet soils would differ

greatly from those given. Thus, rainfall as a factor must also be considered.
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TABLE 2. TYPICAL VALUES FOR K

Soil K .
Gasoline Kerosene Light Fuel Oil
Coarse gravel 400 200 100
Gravel to coarse sand 250 125 62
Coarse to medium sand 130 66 33
Medium to fine sand 80 40 20
Fine sand to silt 50 25 12

For example, suppose a tank truck spills 14 cubic meters of light fuel oil on

a medium to fine sand. The spill diameter is 10 meters.

A= nrl = (3.1316) (5m)2 = 78.54 m2
K = 20 (from Table 2)
V = 14 m3
. 3
p- KV _@)amd)

A 78.54 m°

If the groundwater lies at a depth greater than 3.6 meters, then the assump-
tion could be made that the soil would sorb the fuel oil before it could reach the

water table.

The table and calculations are practical only for light products. Since the
flow rate of an oil is inversely proportional to its viscosity, only those hydro-
carbons of relatively low viscosity (high flow rate) are likely to cause substantial
migration problems in most soils. Because heavy crudes have a low flow rate, a

determination of their penetration rates is usually unnecessar‘y.5 Much of the
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information concerning groundwater depth and resulting water table gradient can

be obtained inexpensively by consulting a local well driller.

Cleanup Techniques

Methods of cleaning up spills on land are varied to suit the following

situations:

5 oil moving horizontally on land, and
2. oil sorbed by the soil above the water table.

In the case of oil moving horizontally on land, the problem can be further
divided into three main situations. If oil is spilled onland around a tank farm or
loading facility, prior planning should dictate the course of action. According to
guidelines for Spill Prevention Control and Countermeasure (SPCC) Plans pub-
lished in the Federal Register of December 11, 1973, entitled "Oil Pollution

Prevention," section 112.7, subsections b and c state:

(b) Where experience indicates a reasonable potential for equipment
failure such as tank overflow, rupture, or leakage, the plan
should include a prediction of the direction, rate of flow, and total
quantity of oil which could be discharged from the facility as a
result of each major type of failure.

(c) Appropriate containment and/or diversionary structures or equip-
ment to prevent discharged oil from reaching a navigable water
course should be provided. One of the following preventive sys-
tems or its equivalent should be used as a minimum:

(1) Onshore facilities
(i) dikes, berms, or retaining walls sufficiently impervi-
ous to contain spilled oil
(ii) curbing
(iii)  gutters or other drainage systems
(iv) weirs, booms, or other barriers
(v) spill diversion ponds
(vi) retention ponds
(vii) materials
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When hydrocarbon spills occur on city streets as from a tank truck accident,
the first agency to respond is usually the fire department. Unfortunately, the
first response of many fire departments may be to hose the product into nearby
storm sewers or roadside ditches. The fact that the fire department initiates this
action does not relieve the company of liability for damages caused by the spill.
In some cases, hosing the spill into a sewer system may actually increase the spill
damages. In cities where the potential for a tank truck accident is high, a map
of the storm sewer system should be obtained from the city. Prior knowledge of
information such as flow rat.s and directions, access points, and high fire hazard
areas in the system will allow a quick and positive response to a spill that enters
the sewer. Proper training and equipment for removing a volatile hydrocarbon in
such a special situation are essential. Perhaps one of the better general response
procedures, especially appropriate if the product is highly toxic or soluble, is to
keep the product out of the sewers. This may be done by constructing simple
dikes of any readily available material that is impervious to oil. If soil is used,
it should be relatively impermeable. Also, several types of commercially available
quick-setting foam may be used to construct dikes. Collapsible storage bladders
may be used for emergency containment of spilled product. These sausage-like
devices also allow a leaking or damaged tank truck lo be unloaded quickly at the
scene of the accident. In deciding whether to contain hydrocarbons on land or
flush them into sewers, consideration should be given to minimizing fire and
explosion hazards. If the product presents no immediate fire or explosion
hazard, the best response may be to keep it out of the sewers and remove it from
the land surface. Oil on roadways can be pushed to collection sumps, trenches,

or vacuum devices. Loose sorbents can be worked on top of pavement to remove

residual oil.’




Land spills in remote areas pose special problems. Leaks from surface
pipelines, tank truck accidents in rural areas, and oil field spills are common
sources. Planning the response to such spills is difficult, but many workers in
the industry have found that topographic maps of the areas along pipelines and
around production fields help in figuring the direction of oil moving along the

surface.

Before a spill occurs, a list of earthmoving contractors and equipment should
be made (for types see Appendices). A telephone call to one of these agents is
sometimes the quickest way to get a retaining dike built. Some companies have
special spill kits for remote areas which include equipment for confining moving
surface oil. Crude oils and heavy fuel oils on the soil can be floated with water

in ditches, trenches, or behind dikes to limit oil penetration into the soil.

Hydrocarbons that are sorbed by the soil above the water table may be
treated in several ways, depending upon the nature of the soil and product. If
the spill area is shallow with a clay or water seal along the bottom, flushing with
water will, with limited effectiveness, float the oil from the soil. Although rarely
employed, natural sorbents, such as sawdust, hay, or ground corncobs, mulched
into contaminated soil have been used where other cleanup methods have proven
ineffective. After having been mixed into the soil, the sorbents are removed by
a water stream, collected, and disposed of properly (Fig. 5). In frozen soils,
high pressure water to dissolve oil or steam cleaning to lower oil viscosity is used

to float oil with only minor damage to plants. These tools also work weli on

roadways, walls, and other man-made structures.

A common method of treating soil contaminated with hydrocarbons is simply

allowing the oil to biodegrade. The success of this method depends on the oil
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toxicity, available nutrients, available water, ambient temperature, and oxygen
availability. Also, different oils respond to various species of organisms. Bio-
degradation of alkane hydrocarbons proceeds readily by naturally occurring
microorganisms such as yeast, bacteria, mycobacteria, and mold fungi. More

complex hydrocarbons such as aromatics biodegrade more slowly.

Before initiating any response, volatile hydrocarbons should be allowed to
evaporate. Later, various techniques can be used to increase the biodegradation

rate. The techniques include:

Tilling
Adding fertilizer
Adding lime

Adding bacteria
Temporary drainage
Aeration

oOuUTh WN =

If the oil depth is shallow, discing and adding fertilizer can add oxygen and
nutrients which will cause rapid conversion of oil to carbon dioxide and water by
bacteria. Repeated treatments will usually be necessary. Tillage should not be
used on dry soils that may be blown away upon disturbance. Some workers have
found that plowing organic matter such as sewage treatment plant sludge into the
oily soil can increase the biodegradation rate. However, others suggest that it
does not. For example, sawdust added to arctic soils has only added more

organic matter to the soil which increases the biological oxygen demand.

Other additives such as lime may be considered for corrosive oils on acidic
soils to neutralize the added acidity. Special bacteria cultures may be added to
innoculate a site. Hoewever, it has been debated whether the cultures are more
effective than naturally occurring bacteria. They have shown some success on

very acidic soils.
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To add air into the soil, temporary drainage with tilling and fertilization may
help wet forest sites. Entry of air into the soil will facilitate oil volitilation and
degradation. However, drainage without soil mixing can do more harm than good.

Excessive drainage can cause soil problems such as soil subsidence.

Oil deeper in the ground, below the aerobic bacleria zone, may be degraded
by air pumped into the ground. For small spill areas, soil aeration by pumping
air through buried perforated pipe or drilled holes can oxidize volatile hydrocar-
bons and hydrogen sulfide and increase aerobic bacteria degradation. Recent
research has experimented with hydrogen peroxide injection into soil layers to
oxidize volatiles. However, this technique may sterilize the soil. Other research
using surfactants can increase oil leaching, yet surfactants may clog soil. Before
applying any land modifying technique, consultation with soil scientists and local
government personnel is suggested.

Other cleanup techniques are burning, soil removal, and water infiltration.
Burning is often thought of as a final cleanup process. However, more work is
usually needed. Burning can remove large amounts of oil or the last traces of oil
remaining after oil removal operations. It will also oxidize volatile hydrocarbons.
Burning can leave an oil film or crust which may prevent seedling shoot penetra-
tion, can spread oil further than unburned spill boundaries, can kill plants which
may contribute to erosions, and or can produce products more toxic than the
original oil product. Therefore, if burning is used, biodegradation techniques

should be used to help eliminate oil.

Soil removal is possible for shallow contaminated soils and spills of small
area. The amount of oil conlaminated can be tremendous even for heavy fuel oils
(Fig. 6). Contaminated soil does not mean the soil is sterile. Soil should not be

removed in most cases unless absolutely necessary.
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Problems associated with soil removal are contact with buried structures
(pipelines, cables), damage to building foundations, explosion hazard in pits when
working with volatile products, and equipment breaking through impermeable

layers in the subsoil which would allow greater product penetration.

Water infiltration has proven to be impractical during most spills to float oil
to the surface. |In gravel or sandy soils where the groundwater table is less
than a foot from the surface, oil can be flooded to the surface and either
recovered or burned. However, water flooding can limit oxygen in the soil and
contribute to carbon dioxide toxicity, can accelerate nitrate leaching, can
decrease aerobic bacteria, and cause denitrification. It is impractical in sub-

freezing weather.

After all cleanup activities are complete, any containment devices such as
dikes, trenches, etc., should be removed. The site topography should resemble
a prespill appearance. Revegetation or restoration can now be considered.
Revegetation can increase biodegradation in some cases. Planting leguminous
species over the spillsite can add nitrogen to the soil which can aid biodegra-
dation. Crops such as alfalfa tend to breakup residual high molecular weight
hydr‘ocar'bons.8 Although many legumes are used in site revegetation (Table 3),
some such as alsike clover and white clover are known to tolerate oil while alfalfa
has a low tolerance of oil. Grasses may also be used for revegetation (Table 4).
Some such as brome grass and reed canary grass are known to have high oil
tolerances. Which specie is chosen will depend on the time of year planted, soil
characteristics, and amount of oil in the soil. Once again, consultation with local

soil scientists is advised.
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TABLE 3. LEGUMES COMMONLY USED FOR REVEGETATION

Best
Seeding Seed Density* Areas/Conditions
Variety Time seeds/ft2 Important Characteristics of Adaptation
Alfalfa (many Late 5.2 Good on alkaline loam, re- Widely adapted
varieties) summer quires good management
Birdsfoot trefoil Spring 9.6 Good on infertile soils, Moist, temperate
tolerant to acid soils is.
Sweet clover Spring 6.0 Good pioneer on non-acid soils Widely adapted
Red clover Early B.3 Not drought resistant, Cool, moist areas
spring tolerant to acid soils
Alsike clover Early 16.0 Similar to red clover Cool, moist areas
spring
Korean lespedeza Early 9.2 Annual, widely adapted Southern, U.S.
spring
Sericea lespedeza Early 8.0 Perennial, tall erect plant, Southern, U.S.
spring widely adapted
Hairy vetch Fall 0.5 Winter annual, survives below All of U.S.
U°F, widely adapted
White clover Early 18.0 World-wide, many varieties, All of U.S.
fall does well on moist, acid soils
Crownvetch Early 2:7 Perennial, creeping stems and Northern U.S.
fall rhizomes, acid tolerant

*Number of seeds per square foot when applied at 1 Ib/acre.




TABLE 4. GRASSES COMMONLY USED FOR REVEGETATION9

Best
Seeding Seed Density* Areas/Conditions
Variety Time seeds/f'c2 Important Characteristics of Adaptation
Redtop bentgrass Fall 14.0 Strong, rhizomatous roots, Wet, acid soils,
perennial warm season
Smooth bromegrass Spring 2.9 Long-lived perennial Damp, cool summers,
drought resistant
Field bromegrass Spring 6.4 Annual, fibrous roots, Cornbelt eastward
winter rapid growth
m Kentucky bluegrass Fall 50.0 Alkaline soils, rapid grower, North, humid, U.S.
- perennial south to Tennessee
Tall fescue Fall 5.5 Slow to establish, long-lived Widely adapted, damp
perennial, good seeder soils
Meadow fescue Fall 5.3 Smaller than tall, susceptible Cool to warm regions,
to leaf rust wodely adapted
Orchard grass Spring 12.0 More heat tolerant but less cold Temperate U.S.
resistant than smooth bromegrass
or Kentucky bluegrass
Annual ryegrass Fall 5u6 Hot winter hardy, poor dry Moist southern U.S.
land grass
Timothy Fall 30.0 Shallow roots, bunch grass Northern U.S., cool
humid areas
Reed canarygrass Late 13.0 Tall, coarse, sod former, Northern U.S., wet
summer perennial, resists flooding cool areas

and drought

*Number of seeds per square foot when applied at 1 Ib/acre.




Summary

Movement of oil on top and into the soil will depend on topography, soil

permeability, and structures below the surface. Oil penetration into the soil can

be predicted.

Oil on hard surfaces can be pushed into collection devices or sucked into
vacuum devices. Final cleaning can use sorbents or water. Oil on other surfaces
may use heavy equipment to remove oil and contaminated soil, water flooding

within dikes to float oil, sorbents and water flooding to recover oil, or burning to

remove oil.

Oil below the surface can be removed by aeration and biodegradation.
Tilling, fertilizing, liming, adding bacteria, and draining soil may increase aera-
tion and biodegradation. Soil removal and water infiltration require special con-

sideration of the effects of the techniques.

Final cleanup involves site restoration. Containment devices should be
removed and sites revegetated where needed. Techniques should be used that

facilitate site restoration as quickly as possible.
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. CONTAINMENT AND RE.COVERY OF OIL ON GROUNDWATER

Although spilled oil may adhere to soil particles, roots, and rocks, or may
become blocked by faults to keep the oil from flowing into groundwater, changes
in land geology or water regimes can cause trapped oil to enter groundwater. In
other cases, spilled oil easily penetrates the soil to contaminate groundwater.
Since oil on groundwater weathers and degrades slowly, if at all, oil can affect
potability and its use in industrial processes for decades or centuries. This is
important since about one-half of the population of the United States depends on

- groundwater (primarily the small to medium sized communities and 1’arms).1

Many large groundwater spills have been well publicized. For example, a

refinery in Brooklyn, New York apparently had tanks, pipeline, or valves leaking

. for years. Approximately 20 million gallons of petroleum distillate was estimated
to be under 70 acres of industrial and residential pr'oper'ty.2 During the first

year of cleanup 95,000 gallons were recovered. Oil recovery will take years. An

estimated $3 to 4 million will be spent on recovery and cleanup.3

Small spills can also influence groundwater use until the oil product has been
removed. This section will discuss groundwater oil movement, groundwater moni-
S

toring, oil containment, and oil recovery techniques.

Oil On Groundwater

When oil penetrates the subsoil to the groundwater or aquifer, the oil can
move the groundwater by spreading and by groundwater flow. The water table is
that level of the water observed in wells. However, in soils, water can rise

. above the water table due to capillary action. Just as the liquid level will appear
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higher in a straw, or the corner of a towel will transport water into a towel, ‘
water will fill spaces in the soil above the water table. Oil entering this water
will spread and move on the capillary fringe (Fig. 1). The capillary fringe can
vary from 1 to 18 inches, depending on soil permeability. Permeability indicates
a soil's ability to allow fluids to pass from one space in the soil to other spaces in
the soil. Larger spaces due to large soil particle size have higher permeability,
therefore low permeability may be one-half inch per year and high permeability

several feet per year.

_m WELL SPILL %

. UNSATURATED AL R,
SOTL i

’

e illh

WATER LEVEL)

(
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CAPILLARY SATURATION LEVEL

FRINGE

Figure 1. Oil Entering Groundwater (Horizontal View)

At first, oil thickness increases under the influence of continued descending

oil. The force or pressure exerted by the accumulation of oil will displace water .
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in the capillary fringe and possibly in the groundwater. As gravity influences
the oil to spread and the pressure is released, the groundwater returns to its
former level. In a uniform particle soil (all gravel, sand, or silt) oil will spread

and move with water flow, and form an egg-shaped oil plume (Fig. 2).

Figure 2. Oil On Groundwater (Tangential View)

If the oil comes into contact with a different size soil particle layer or rock
fissure, it will change the oil spreading pattern. An impenetrable layer would

not only change the shape of the slick, but also change the direction of oil flow.
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Figure 3. Oil On Groundwater With Impermeable Layer

As oil flows, some oil (up to 10 percent) will adhere to soil particles and
rock surfaces and become immobile,4 while soluble oil components can mix into the
groundwater. If enough oxygen is available, bacterial and/or chemical decompo-
sition can occur. In some cases decomposition increases water soluble compo-
nents up to 10 times.5 Although the factors which affect oil movement on
groundwater are many and often interact with each other, spreading can be

estimated using the following for‘mula:6
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_ 1000 V--A*XR*D*K

2 F

Where S = maximum spread of oil on the water table in m2

V = volume of infiltrating oil in m3

A = area of infiltrating at surface in m2

R = retention capacity of soil above water table in Iiter's/m3

D = depth of groundwater

F = oil contained above capillary fringe in Iiter‘s/m2

K = the approximate correction factor -for various oil viscocities
K for gasoline = 0.5
K for kerosene = 1.0

K for light fuel oil = 2.0
"R" and "F" values are in Table 1.

TABLE 1. "R" AND "F" VALUES FOR VARIOUS SOIL TYPES

Soil R F
Stones, coarse gravel 5 5
Gravel, coarse sand 8 8
Course sand, medium sand 15 12
Medium sand, fine sand 25 20
Fine sand, silt 40 40

In using this formula, inherent errors in data can result from water table
fluctuations (rises or falls with the season) by underestimating or overstimating
"D" (the depth of groundwater). Also, oil thickness on the water table is not
the same as oil thickness measured in wells. In some fine sand or silt soils, oil

in a well may be lower than oil on the groundwater. This is due to a break in
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the capillary fringe caused by the well. Oil from the capillary fringe can flow
into the well, since the water level in the well will be below the water level in the
soil. A glass of water with different sizes of straws can demonstrate how this
works. A small diameter straw will have a higher water level than a broader
diameter straw. The small spaces between soil particles will conduct water higher
than the opposite sides of the well casing. Therefore, oil will flow down the well

due to gravity, increasing the amount of oil in a well.

The movement of oil due to groundwater flow can be estimated by the follow-

ing equation:7

Q=%p ———
Where Q = flow rate of groundwater in m3/day/m
P = permeability of m/day
h1 = height of groundwater

=
i

2 height of groundwater

—
1]

length or distance between h_l and h2

Both of the estimates are usable for shallow groundwater problems or initial
planning for deep groundwater problems. However, in deep groundwater prob-
lems, before time and money are spent on containment and recovery techniques a
monitoring system should be initiated to deliniate plume characteristics and to aid

in effective containment and recovery.

Oil In Groundwater Monitoring

The first step in successful groundwater monitoring is the preliminary in-

vestigation. Information sources such as U.S. Geologic Survey maps and tables,

F-6




Soil Conservation Service maps and tables, state geologic surveys, water resource
personnel, university geology departments, city water department maps and
personnel, past oil company personnel or companies that have drilled in that area,

and consultants can be used. The information gathered can help you determine:

1. groundwater flow characteristics

2. aquifer to surface water boundaries

3, recharge areas

4. local abstraction points (i.e., city groundwater wells)

5. flow mechanisms through fissured or highly permeable zones

The second step is field investigation. Such an investigation may include
soil samples, water samples, or other hydrogeologic tests. Soil samples may be
examined for grain size in order to accurately define the nature and location of
the soil horizons. From core samples one may also determine the porosity of each
soil horizon. The boreholes may be used for water permeability measurements.
In addition, hydrocarbon percolation tests may be made. The groundwater head
distribution may be studied by inserting standpipes (for monitoring the water
level) into the completed boreholes. Ground penetrating radar can be used for
defining geologic sequences, investigating fractures, and locating buried objects.
Electromagnetic frequency techniques can graphically show horizontal and vertical
characteristics such as aquifer boundaries and geologic inter‘faces.9 Both of
these latter methods can improve mapping of oil plumes over plume estimates from
just drilling wells. In fact, using these methods may prevent unnecessary

drilling.
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With some highly volatile products, the spread of the plume can be monitored
by the vapors migrating through the soil surface. Although its presence in
basements, oiled wells, trenches, and along disturbed soils (i.e., buried pipe-
lines) can indicate where the oil is, its absence does not indicate that the oil is
not present. Shallow boreholes and hydrocarbon monitors or explosiometers can
help identify wvapor penetr'ation.5 Field investigation may include choosing a
water sampling program. A water sampling program may involve drilling wells,
water and soil analysis, and/or mathematical modeling to estimate plume size and

oil movement.

Generally, monitoring wells can be classified into three types, a piezometer,
observation well, and a pumping well. A piezometer is a small diameter well that
is tightly sealed so that detection of static pore water pressure can be used to
determine the true direction of groundwater flow measured. More than one
piezometer can be installed in a well boring by sealing piezometers at different

depths from each other. Piezometers can be either pneumatic or electr‘ic.10

An observation well is larger in diameter than a piezometer well and is used

to measure oil/water levels. Observation wells have been used to determine the

direction of groundwater flow by injecting a tracer, such as fluorescein,

Rhodamine WT, or salt water, among a number of observation wells.11

While a pumping well is the largest in diameter of all, it is used for the
introduction of pumps or other equipment. Water samples can be obtained from

observation and pumping wells. However, certain problems may arise in each well

type.

Not only is the type of well important, but also where one drills a well.

Permission must be obtained from those individuals or companies that have surface
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and mineral rights. The location of underground structures such as gas,
petroleum, or water pipelines, powerlines, telephone lines, sewer lines, and storm

sewer lines should in identified and visibly marked.

Monitoring wells should be placed in a down gradient direction to the flow of
groundwater and spaced far enough apart to determine plume size. At least one
well should be drilled up gradient to ensure that oil was not missed. Monitoring

wells should be used to confirm the preliminary findings.

Some situations can complicate groundwater monitoring and oil recovery.
One of the more difficult situations involves a land spill in a rocky ar'ea.12 The
oil. moves into fissures and crevices and along joints of bedded rock and bedding
planes. The upper layers of limestone, basalt, and sandstone usually show
pronounced fissuring, especially if the area is in a zone of tectonic disturbance.
Predicting the underground movement of oil in such areas is quite difficult.
Spilled oil may follow fault lines in the direction of their dip. Sometimes recovery
wells may be drilled along a fault line to intercept the spilled oil (Fig. 4). This
technique in particular requires sound geological information before attempting

any drilling operations.

In limestone, gypseaous, and saliferous rock, wide fissures, crevices, and
solution channels may be present (Fig. 5). This represents a most difficult case,
as solution cavities may hold hydrocarbons for years, releasing them only in time
of drought. In central Pennsylvania in 1958, 50,000 gallons of crude oil were lost
in a limestone terrain honeycombed with solution channels. Recovery wells were
drilled, and much of the product was retained on the site. However, in the
mid-1960's a droughl caused the water table to drop and oil stored in the lime-
stone was released, causing water well contamination. The problem persists
today.13
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One method used in such areas to trace dispersion direction is fracture trace

analysis. Air photo interpretation is used to find the major fractures which could

13

be transporting the spilled product. Observation wells may then be drilled in

order to locate the oil.

These combined data offer a working knowledge of:14
1 the amount of hydrocarbon that must be spilled in order to reach
the groundwater,
2: the direction and rate of migration of the product once the ground-
water is contaminated,
3. the geological or hydrogeological boundaries that exist, and

4. the rate at which the product may be extracted from the ground.

This information can be translated into a cross-sectional map showing the
probable direction of travel of the oil as it follows the groundwater system (Fig.

6).
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Figure 6. Sample Groundwater System
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Sampling Devices for Monitoring Wells

Sampling devices may be as simple as an observation well with oil finding
paste on a stick or as complex as intricate well casings which are designed to
take samples and pressure readings at various depths. Although existing wells
may be used, data analysis can become complicated. Drilling fluids can change
the chemical or biological well environment, water from several aquifers can flow
into a single well, surface contamination into a well can occur, and casing

materials and pumping equipment can contaminate sampled water.15

High concen-
trations of oil in groundwater may not require great accuracy in measurements so
that polyethylene pipe casings can be used. However, when accurate samples are

needed, a number of problems exist on choosing materials.

i E metal surfaces can catalyze certain chemicals (i.e., iron),

e lubricants from pumps, oils on pipes, and glues from pipe joints
can contaminate samples, and

3 plastics in pipes, transfer hoses, or sample bottles can absorb
some or‘ganiclecontaminants or bleed contaminated elements, affect-
ing samples.

To avoid problems, metal or plastic materials should be soaked and washed
before use in boreholes and glues should not be used in joining well casings. In
constructing sampling wells for trace concentrations of some oils, glass or teflon

materials may be needed in well casings or sampling appar*atus.15

Sample devices vary with the number of sémples per well and with well
depth. In the past, obtaining multiple samples at various depths has required
sempling in different wells. Recently, a single well with a multiple sampler has

been used to obtain the same r'esults.10
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Shallow aquifer sampling (less than 30 feet from surface) will allow the use
of vacuum pumps to transport samples out of wells. However, deep aquifers
(greater than 30 feet from surface) will necessitate submerged pumps or air-lift
systems. The air-lift system is a pressurized inert gas system with chambers and
check valves to force samples to the surface. The advantage of an air-lift system
is that samples are not oxidized since it does not contact any oxygen in the air.
Several air-lift systems can be used within a single well if separated by seals.
They become increasingly cost effective with increasing depths. The major
problem with the air-lift system is that the check valves used in sample transfer

can become clogged with soil particles if samples are not screened proper‘ly.16

For deep wells, changes in pressure can cause chemical changes such as
precipitation in the sample.16 With the additional data from samples, accumulation
of oil and direction of flow can be confirmed and recovery devices can be placed

for the most cost effective operation.

Product Recovery

Oil on groundwater can be removed three ways:

1Y Open trenches
2. Back filled trenches with recovery crocks
3 Extraction wells

Water table depth and embankment slumping are the primary factors in selecting a

recovery device.

When water table depth is less than 9 feet (3m) from the surface, trenching

‘ can be an economical method in oil removal. The depth of the trench should be
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about 3 feet (1m) below the groundwater level and the widlh no more than 6 feet
(2m). Where possible the trench should span the entire down gradient edge of

the oil plume (Fig. 7).
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Figure 7. Aerial View of Trenches

Oil skimmers or vacuum lines can be lowered into the trench to recover oil
and a groundwater depression pump used to increase the rate of oil and water
flow to the trench. If the trench cannot be extended along the length of the oil
plume, an impermeable barrier can be installed to divert liquid flow towards the
trench. For example, bentonite clay slurry can be pumped into narrow slots in
the ground or sheet pillings can be inserted or driven into the groundwater or

aquifer base.9

When open trenches cannot be maintained because they rapidly fill with mud
or if freezing weather would freeze water in/on open trench, a recovery crock
can be used. A recovery crock consists of a pipe that reaches from the surface

to about 6 feet (2m) below the water table. Some pipes can be up to 6 feet in
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diameter. The pipe is perforated with slots or holes (2.5 inches) to allow oil and
water to enter. After a hole is dug larger than the diameter of the pipe, pea-
gravel is placed in the bottom of the hole to decrease turbidity by limiting soil
particle movement as water levels change. Next, the crock (pipe) is lowered into
the trench so that the end stands on the gravel bed. Before the trench is filled
in with a porous material (gravel, sand), a plastic lining or other impermeable
barrier is used to line the down gradient side of the trench above and especially
below the water table to guide oil to the crock and halt oil plume migration (Fig.
8). A variation of this system is to have radiating interconnecting perforated

pipe at the water table to guide the product to the crock (Fig. 9).6

Product in crocks can be removed with skimmers or vacuum devices. Fur-
ther, a groundwater depression pump can be used to create a ccie of depressicn
to encourage liquid flow toward the crock and increase oil recovery rates (Fig.

10).

For deeper water tables, augers, water jets, driven well points, and rotary
rigs can be used to dig a recovery well (Table 2). Wells should be dug deep
enough below the water table to allow for any groundwater depression techniques
used. Auger types vary. Hand held power augers with six inches outside
diameter can drill to 8 feet. Truck mounted augers with two inches outside
aiameter can drill to 120 feet. Hollow stem augers may be used to take un-
disturbed soil samples. Rotary rigs can be used for sampling soil when drilling,
and for sampling water upon completion of the observation well. Depths of 1500

feet can be drilled.
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TABLE 2. BASIC WELL DRILLING METHODS
Normal Average
Drill Diam. Max Time Normal
Type Hole Depth Per Hole Expense Advantages Disadvantages
Rotary 4"-20" Unlimited Fast Expensive 1. Good for deep holes 1. Need to use driliing fluid
2. Can be used in soils and 2. Potential bore hole damage
relatively soft rock with drilling fluid
3. Wide availability 3. Requires drilling water supply
4. Controls caving
Stem 4"-8" 30-50 ft. Fast under Inexpensive 1. Widely available 1. Difficult to set casing in unsuit-
Auger suitabie soil to moderate 2. Very mobile able soils (caving}
conditions 3. . Can obtain dry soil samples 2. Cannot penetrate large stones,
while drilling : boulders, or bed rock
3. Normally cannot be used to
install recovery wells
Hollow 4"-8" 30=50""ft. Fast under Inexpensive 1. Good for sandy soil 1. Casing diameter normally
Stem suitable soil to moderate 2. Can set casing through limited to 2"-3" o.q.
Auger conditions hollow stem 2. Cannot penetrate large rock,
3. Very mobile boulders or bed rock
4. Can obtain dry soil samples 3. Limited availability
and split spoon samples 4. Normally cannot be used for
5. Controls caving recovery wells
Kelley 8"-48" 90 ft. Fast Moderate 1. Can install large diam. 1. Large equipment
Auger to expensive recovery wells 2. Seldom available in rura! areas
2. Drills holes with minimum 3. May require casing while
soil wall disturbance or drilling
contamination
3. Can obtain good soil samples
Bucket 12"-72" 90 ft. Fast Moderate 1. Can obtain good soil samples 1. Hard to control caving
Auger to expensive 2. Can install large diameter 2. At times must use drilling fluid
recovery wells 3. Normally very large operating
area required
Cable 4"-16" Unlimited Slow Inexpensive 1. Widely available 1. Slower than other methods
Tools to moderate 2. Can be used in soil or rock 2. Hole often crocked
3. May require casing while
drilling
Air 4"-12" Unlimited Fast Expensive 1. Fast penetration in 1. Inefficient in unconsolidated
Hammer consolidated rock soil
2. Very noisy
3. Control of dust/air release
4. Excessive water inflow will

limit use



TABLE 2. BASIC WELL DRILLING METHODS (Continued)

Normal Average
Drill Diam. Max Time Normal
Type Hole Depth Per Hole Expense Advantages Disadvantages
8. Casing 2"=24" 60 ft. Slow to Inexpensive Very portable Limited to unconsolidated soil--
Driving moderate Readily available cannot penetrate large rocks,
(well boulders, bedrock
point) Difficult to obtain soil samples
Generally inefficient method to
install recovery well
8. .Dug Unlimited 10-20 ft. Fast Inexpensive Readily available Caving can be severe problem
wells Very large diam. hole Limited depth

8L-4

easily obtained

Greater explosive hazard during
excavating into hydrocarbons




Basically, wells can be classified into three types:

g B Single pump well

el Double pump well

35 Double shaft well
Single pump wells use one device to remove oil and contaminated water such
as a skimmer or vacuum device (Fig. 10). The major problems with single pump
wells are: large volumes of oil and water require large capacity storage, sep-
arators are needed to treat oil/water mixtures, some pumps emulsify water with
oil, and the pump must be able to handle air, liquid, and debris. The
advantages for the single pump well are: they can be less expensive to install
and operate than other recovery wells (especially when needed for a short time)

and they are effective when low oil/water recovery rates are expected.

. Figure 10. Single Pump Recovery System6
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The double pump well combines a product recovery device and a groundwater

depression device into a single well (Fig. 11). The double shaft well is similar to
the double pump well except the oil recovery device and the groundwater depres-
sing devices are in separate well casings (Fig. 12). The separation of devices
allows better regulation of water level and flow within the well. The main advan-
tages of double pump and double shaft wells are: Lhey are cosl effeclive for
large spill volumes, they can recover relatively pure producls, and they can be

made fully .automatic.6
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When the groundwater depression device creates a cone of depression, care
must be taken to avoid pumping the well dry or severely lowering the water level
around any one well. Past problems with this technique include: oil displacing
water in the soil and causing additional contamination and surface subsidence by
collapse of geologic str'uctures.6

In using groundwater depression pumps, provisions must be made to handle

large volumes of water pumped from a well. Oil-water separation should be used

before waler is either lransporled to a wasle handling facilily or discharged onlo

Pl



the land. In some cases water can be reinjected into the ground to increase the

recovery rate by flushing oil to the recovery point. In some cases, water has

been added to the surface at the spill location to flush oil through the soil and to

increase recovery rates. The non-residual oil droplets and soluble oils will be

moved. It is most effective with light products such as gasoline, diesel, and
kerosene. In applying large volumes of water to the spill site, the cone of
depression must be maintained to keep flowing oil within the recovery area. If

government regulations require purification before discharging water in or on the

ground, several methods are available for tr'eatment.18

Reverse osmosis uses high pressure to force a solvent (i.e., water) through
a membrane but not the solute (i.e., oil). It is used primarily for removing
dissolved organic chemicals. Ultrafiltration is similar to reverse osmosis but can
remove larger organic molecules. Aeration with the use of air, ozone, or hydro-
gen peroxide oxidizes dissolved hydrocarbons. Biological treatment uses bacteria
to breakdown organic molecules. Activated carbon filters collect dissolved organic
and some inorganic molecules on specially prepared carbon particles. Some other
techniques such as ion exchange and chemical treatment are usually not as
effective as previously mentioned techniques. Where high quality water is re-
quired, a combination of techniques can be devised, such as an oil-water separa-

tion, followed by aeration, and activated carbon filtration.

Safety

When flammable materials are being recovered, fire prevention should be
considered. Be sure submersible pumps are explosion proof and be sure pumps,
engines, and other fire igniting sources are kept at least five feet from recovery

wells. Electric underground cables should always be protected.
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Summary

Oil on groundwater can be a serious problem. Il can contaminate water used
for drinking, irrigation, or industrial processes. Characteristics such as oil
volume, oil viscosity, land area contaminate, depth to water table, and soil per-
meability will influence the amount of oil reaching the groundwater. The hydro-
geologic factors within the aquifer will influence oil migration on the groundwater.
Therefore, groundwater monitoring is necessary to have effective location and

recovery of product.

Monitoring should include thorough preliminary investigation and field invest-
igation. Field investigations require sampling that does not contaminate soil and
groundwater samples. Sampling devices vary from sample probes to complicated
well borings with intricate sample casings and sample pumps. Also, complications
can arise in sampling due to highly fissured bedrock, solution channels in lime-

stone, and irregularities in bedding planes.

Products can be recovered using open trenches, filled trenches with
recovery crocks, or extraction wells. A properly constructed well can recover oil
from a large area surrounding the well. Care must be taken in pumping large
quantities of water from an aquifer. Water recovered may be required to be
treated before discharge. Well types used are single pump, double pump, and

- aouble shaft wells. Well choice will depend on the situation.

Safety precautions must be taken when dealing with volatile products.
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