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I. INTRODUCTION

The concern for control of chemical substances has grown rapidly during the
period from the late 1960's to the present as evidenced by the number of laws
passed by Congress. Each law required several months of hearings and testimony

serving to increase the public awareness towards chemical hazards.

The United States Coast Guard, by virtue of the Federal Water Pollution
Control Act, as amended; the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA); and the National 0il and Hazardous
Substances Pollution Contingency Plan, provides the predesignated Federal
On-Scene Coordinator (0SC) for response to hazardous chemical releases
occurring in the coastal zone, Great Lakes waters, and specified inland ports
and harbors. This responsibility includes the containment, removal, cleanup,
and disposal of a large variety of hazardous chemicals vhich have greatly
varying chemical, physical, physiological, toxicological, and ecological

properties.

Most pollution control measures have emphasized removing, or to some degree
reducing, the potential hazardous effects of petrochemicals on the aguatic
environment. With the Coast Guard expanding its Chemical Hazards Response
Information System (CHRIS), it has become evident that response techniques
require modification or new development to cover the myriad of potential hazards

vhich may be encountered by spill response personnel.

Hazardous chemicals vhich float on vater present hazards to spill clean-up
personnel not usually associated with oil spills. Many chesicals vhich are

transported across watervays are toxic and can develop flammable vapor clouds

I-1




vhich could lead to a resulting explosion. In order to properl; protect the
personnel involved with clean-up measures and to reduce the impact on the
environment, methods for treating and handling floating hazardous spills need to

be developed and documented.

The objectives of this program were 1) to determine vhich of the CHRIS
chemicals will float and require a reduction in flammability or toxicity in
order to be contained and recovered safely from a watervay if spilled, 2) to
evaluate the state-of-the-art of containment and recovery of floating hazardous
chemicals and identify areas where improvement (i.e., reduction in flammability
and/or toxicity) can be made, and 3) to propose development, test, and
evaluation programs for those areas identified in the second objective where the

Coast Guard's ability to reduce flammability and toxicity can be improved.

A literature reviev was conducted to evaluate the available spill contain-
ment and recovery methods and techniques. The purpose of this revievw was to
determine the feasibility of applying these methods and techniques toward the
containment and recovery of floating hazardous chemicals. The characteristics
of the chemicals of concern were revievwed as well as the basic concepts, opera-
tional conditions and limitations of the presently available spill technologies
in order to determine which techniques rave the most potential for further
development. Knovledge obtained through case studies, along with the expertise
and experience of those personnel tasked with responding to hazardous chemical
spills, were combined to evaluate all aspects necessary to assess the candidate
technologies. Specific deficiencies and problems inherent in the present tech-

nologies have been identified.




e e

Areas with deficiencies requiring more investigation include: 1) the
compatibility of foams with floating hazardous chemicals; 2) the environmental
effects on the effectiveness of foams on floating hazardous chemicals; 3) the
compatibility of materials used in constructing spill mitigation equipment with

floating hazardous chemicals; and 4) the effect of recovery equipment on the

effectiveness of foams.

The remainder of Part I is organized according to the following format:
Section II outlines the approach to the classification of CHRIS chemicals;
Section III reviews and discusses existing clean-up technologies, procedures,
and case studies; and Section IV discusses preparation of test and evaluation
plans for subsequent action. The summary and conclusions are presented in
Section V. A list of the physical and chemical characteristics of floating
CHRIS chemicals is given in Appendix A. Groupings of these same chemicals

according to degrees of toxicity and flammability are presented in Appendix B.

1-3
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II. APPROACH

To properly assess the potential hazards and difficulties which could be
encountered in combating a floating hazardous chemical, it was necessary to
develop criteria to determine what constitutes a floating hazardous chemical.
Three major properties -- floatability, flammability, and toxicity -- were
revieved for all of the CHRIS chemicals in order to determine if they meet the

following guidelines:

FLOATABILITY CRITERIA

The following criteria were established for determining if a particular
chemical floats:
© The chemical should have a specific gravity of 1.05 or less. This value
is used to account for temperature variations and the salinity of sea

water.

© The chemical should be immiscible or only slightly soluble in water. If a
chemical is slightly soluble, it may float, depending on the size of the
spill, the size of the body of water, and the environmental conditions
present in the spill area. Due to the varying methods of recording
solubility data in the literature, chemicals listed as insoluble,
slightly soluble, and soluble up to 25 g/100ml are included in this
study.

211 the CHRIS chemicals meeting both of the above criteria have been

classified as floating chemicals for the purposes of this study.

1I-1




FLAMMABILITY CRITERIA

To establish criteria regarding flammability, the National Fire Protection
Association's (NFPA) rating of flammability hazards was adopted. The NFPA
system ranks the degree of flammability from 1 to 4 based on the chemical's
susceptibility to burning, with a rating of 4 denoting the greatest flammability
hazard and 0 the least hazard. A detailed description of the rating system

follows.

Rating 4: A rating of 4 is given to very flammable gases and very volatile,
flammable liquids. Liquid and gaseous materials which are liquids under
pressure fall into this category if they have a flash point below 73°F and a
boiling point below 100°F. This category includes gases, cryogenic materials,

and those materials which readily form explosive mixtures in air.

Rating 3: A rating of 3 includes those liquids and solids that are ignitable
under almost all ambient temperature conditions. Liquid materials with a flash
point belov 73°F and a boiling point at or above 100°F ,n4 liquids with a flash
point between 73°F and 100°F, are included in this rating. Also included in
this category are coarse dusts which are flammable, but not explosive, in air;
shredded or fibrous solid materials vhich burn rapidly; materials which burn
vith extreme rapidity, usually because of self-contained oxidizers; and

materials vhich spontaneously ignite in air.

Rating 2: Materials with an NFPA rating of 2 must be moderately heated before
ignition can occur. They may also ignite under high ambient temperatures.
Liquids having a flash point betveen 100°F and 200°F are included in this

category, as are those solids and semi-solids which release flammable vapors.

11-2
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Rating 1: A rating of 1 is given to materials that must be preheated before
ignition can occur. These materials will burn in air vhen exposed to a
temperature of 1500°F for five minutes or less, and materials with a flash point

above 200°F.

Rating 0: A rating of 0 is given to non-combustible materials. These chemicals

vill not burn when exposed to a temperature of 1500°F for five minutes.

For the purpose of this study, a chemical will be considered flammable if it
has a flash point of less than 200°F. Generally, this value will encompass all

chemicals with an NFPA rating of 2 or more.

TOXICITY CRITERIA

In order to determine criteria for toxicity, NFPA ratings of the health
hazards of chemical materials along with published toxicity values were
revieved. The NFPA ranks each chemical according to the degree of health hazard
from 0 to 4 under fire conditions. A rating of 4 is assigned to those chemicals
representing the greatest health hazards while a rating of 0 is given to
chemicals with the least health hazards. The NFPA health hazard ratings for a
given chemical may be greater than one would expect from the typical measures of
toxicity (Threshold Limit Values; "TLVs"; LD50 Values; etc.), because the
hazardous nature of some chemicals is increased under those conditions. Fire
conditions should not decrease the inherent toxicity of the material. The NFPA
ratings, then, may overstate but should not understate the health hazard in

non-fire conditions.

I1-3
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Rating 4: A health hazard rating of 4 is assigned to those substances vhich are
very dangerous. These materials, with very short exposure, could cause death or
major residual injury even with prompt medical treatment. Included in this
category are materials vwhich are too dangerous to handle without specialized
protective equipment, materials which can penetrate ordinary protective clothing,

and materials vhich release extremely toxic or corrosive vapors.

Rating 3: A rating of 3 is given to materials vhere short exposure could result
in serious temporary or residual damage even vith prompt medical treatment.
Included in this category are materials with highly toxic combustion products,
materials that are corrosive to living tissue or toxic via skin absorption

mechanisms, and materials requiring protection from any type of bodily contact.

Rating 2: A rating of 2 is assigned to those materials vhich cause temporary
incapacitation or possible residual injury unless prompt medical attention is
received. Materials included in this category are those which give off toxic or
highly irritating combustion products, and materials which require the use of

protective respiratory equipment with an independent air supply.

Rating 1: A health hazard rating of 1 is given to chemicals vhere exposure
could cause irritation but only minor residual injury even without medical
treatment. MNaterials with irritating combustion products, chemicals which
irritate but do not destroy tissue, and materials which require the use of

canister-type gas masks are included in this category.

Rating 0: A rating of 0 is indicative of a material which poses no health

hazard beyond that of ordinary combustible material.

11-4 A
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The NFPA health hazard ratings of chemicals are generally not based on toxi-
city values obtained through laboratory studies. The NFPA health hazard ratings
were determined by a group of experts, through experiences of fire fighting and
through chemical knowledge. Since health hazard ratings were first introduced
in 1952 (NFPA, 1984), this approach vas most likely taken due to the lack of
adequate toxicity information at the time. With many cheaicals, the lack of
toxicity data still exists; and vhere data are available, they are not uniform
and exist as many different toxicity limits. The most frequently determined

toxicity limits calculated for various exposure measurements are:

Short Term Exposure Limits - STEL

Immediately Dangerous to Life and Health Limit -~ IDLH
Threshold Limit Value - TLV

Toxic Concentration Low - TCLo

Oral Rat LDS0 -~ LDSO

None of these most frequently determined toxicity limits are uniformly available
for all of the CHRIS chemicals; indeed, for some, no measure of toxicity is
available. There vere some CHRIS chemicals which already had a toxicity rating
assigned by NFPA. For those chemicals which did not have NFPA toxicity ratings
but some other toxicity criteria such as STEL could be found, an attempt was
made to statistically estimate an NFPA rating, thus increase the list of rated
chemicals. 3 linear least squares regression analysis vas performed using the
NFPA Health Hazard Identification Code (HIC) as the dependent variable and the
STEL values as the independent variable. Since the values of the various
toxicity limits represented a vide range of concentration values ranging from

0.1 ppm to 10,000+ ppm, the logaritha of the independent variables vas used.

11-%




Subsequently, linear least squares regression analyses were performed with the

five toxicity criteria identified above. The same procedures vere used for all
five toxicity limits, except an Oral Rat LD50. Oral Rat LD50 values are often

quantified by a grouping of concentrations rather than a specific numerical

value. Consequently, for the LD50 regression analysis the grouping was used as

the independent variable, instead of the logarithm of the calculated LDS0 value.

The equations for four of the five toxicity exposure measurements with the
HIC estimates, rounded to the nearest integer, are listed below. Although an
equation for TCLo was also calculated, due to insufficient data, this equation
is not included.

Short Term Exposure Limits

Data Points: 59
Regression: HIC = 2.79 - 0.612 * log (STFL) STEL (ppm)
r statistic: -0.51

HIC 0O 3.74 < log STEL $500 < STEL

HIC 1 2.11 < log STEL < 3.74 130 < STEL < 5500
HIC 2 0.48 < log STEL < 2.11 3.01 < STEL < 130
HIC 3 -1.36 < log STEL < 0.48 0.07 < STEL < 3.01
HIC 4 log STEL <-1.36 STEL < 0.07

Inmedistely Dangerous to Life and Health Limits

Data Points: 10
Regression: BIC = 3.86 - 0.58 * log (IDLH) IDLH (ppm)
r statistic: -0.79

HIC O 5.76 < log IDLH $78000 < IDLH

HIC 1 4.05 < log IDLH < S$.76 112000 < IDLH < 578000
HIC 2 2.33 < log IDLB < 4.0% 216 < IDLH < 11200
HIC 3 0.62 < log IDLH < 2.33 4.17 < IDLH < 216
HIC 4 log IDLR < 0.62 IDLH < 4.17

Threshold Limit Values

Data Points: 97

Regression: HIC = 2.60 - 0.660 * log (TLV) TLV (ppm)

r statistic: ~0.54

HIC 0 3.18 < log TLV 1510 < TLV

BIC1 1.67 < log TLV < 3.18 46.3 < TLV < 1510

HIC 2 0.15 < log TLV < 1.67 1.41 < TLV < 46.3

BIC 3 =-1.36 < log TLV < 0.15% 0.04 < TLV < 1.41

RIC 4 log TLV <-1.36 TLV < 0.04
11-6
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Oral LD50

Data Points:
Regression:
r statistic:

HIC 0 Grade
HIC 1 Grade
HIC 2 Grade
HIC 3 Grade
HIC 4 Grade

Based on the results of these linear regression studies, the following

15
HIC = 4.68 - 0.87
~0.77

0: LD50 > 15000
l: LD50 5000
2: LD50 500
3: LDSO 50

4: LDSO <« 50

* log (LD50)

- 15000
- 5000
- 500

criteria for toxicity were developed:

(1) STEL less than 150 ppm
(2) 1IDLHE less than 12000 ppm
(3) TLV less than 50 ppm

(4) TCLo less than 250 ppm
(5) LDLo less than S000 ppm, and
(6) NFPA Health Rating of 2 or more

LDS50 (ppm)

The information obtained from Threshold Limit Values (TLV's) and Short Term

Exposure Limits (STEL's) wvas given first priority in the ranking process.

The

criteria, shown in Table II-l1 are based on regression analyses and were used as

a guideline in the grouping.

Table II-1. CHENICAL RANKING GUIDELINES

Group TLV (ppm) STEL (ppm)
( Not Toxic 1000 5500
{
Slightly Toxic 100 130
Noderately Toxic ] 3
Highly Toxic 0.1 0.1

G G SR e e
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Data from the OHM-TADS, LD-50's, and NFPA health codes were also considered.
In some instances, it was necessary to assign a chemical to a category based on
limited toxicity information. In other cases, contradictory data led to a

grouping decision based on the more conservative piece of information.

Physical and chemical information for the floating CHRIS Chemicals is

presented in Appendix A.
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III. REVIEV OF SPILL CLEANUP TECHWOLOGIKS

Responding to a hazardous floating chemical spill requires a blend of
personnel expertise and equipment utilization. The personnel involved with the
spill cleanup must be able to detect, identify, and monitor the extent of the

spill, as well as make progress toward reducing its environmental impact.

In order to reduce the spread of the spill with its accompanying hazards,
personnel at the scene must be prepared to apply the most feasible method(s) of
physical or chemical containment. To ensure that the proper means of response
is chosen, the personnel directly involved should consider which technique is
most effective. Although one technique may be applicable to handling a large
number of hazardous substances, sometimes a specialized method for a given

place, time, and chemical may need to be developed.

The technique chosen by the response team should render itself to rapid, easy
deployment. This will help reduce the necessity of specialized training for the
response personnel as well as help eliminate the need for stockpiling special-

ized equipment or chemicals.

The personnel involved in combating a spill should consider whether the
technique(s) employed will present potentially harmful effects in the aquatic
environment. In some cases, it may be possible to use a different counter-

measure in order to reduce the chance of any hazard.

Selecting the best cleanup alternative is a decision complicated by the
magnitude of information required concerning the spill and the potential hazards

facing the response teas. The following information is presented as a reviev of
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the available chemical and mechanical methods which are presently available or

could be developed for use at the scene of a floating hazardous chemical spill.

LITERATURE REVIEW

A literature review (referenced in Appendix D - Bibliography) was conducted
to provide a basis for analyzing the results of previous tests of spill control
agents and devices in order to compare their effectiveness. Sources of infor-
mation included the final reports of American Petroleum Institute-sponsored
studies, U.S. Coast Guard case histories, information from the Noyes Data
Corporation, NTIS releases, technical product bulletins and personal communi-
cations with suppliers and other informed individuals. It was frequently
impossible to objectively compare the agents and methods applied in previous
work due to the varying test methods, differening environmental conditions, and
the lack of sufficient recorded field work concerning cleanup of hazardous

floating chemicals.

CHEMICAL METHODS

The application of specific chemical agents on a floating hazardous chemical
spill can help alleviate some of the hazards inherent in spill response
procedures. The use of chemical agents such as foams and surfactant films may
help reduce the vapor pressure of the hazardous chemical over the spill. The
use of gelling agents can help prevent the horizontal as well as vertical spread
of a hazardous chemical. Other chemical agents can effectively neutralize
hazards associated with the spill materials. To effectively understand the
utilization of chemical methods, the theory of the chemical mechanism as well as
the method of application should be reviewed. The following section contains a
discussion of vapor pressure, and the chemical methods related to its
reduction.
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Overview of Vapor Pressure Reduction

Vapor pressure is a measure of the volatility of a liquid, therefore
representing the ease with which a liquid is converted to a gas. It
measures the tendency of molecules to escape from the liquid phase and is an

indication of the intermolecular forces between molecules in a liquid.

As the temperature of a liquid increases, the kinetic energy of the
molecules increases, giving molecules the energy required to break inter-
molecular forces. As more molecules evaporate from the liquid's surface,

the vapor pressure increases.

J. S. Greer (1976) concluded that evaporation rates are controlled by
five major factors: heat transfer, surface area, surface turbulence,
vapor-saturated interfacial film and surface cleanliness. A discussion of

each factor is presented in the paragraphs vhich follow.

HBeat transfer and insulation properties have been thoroughly studied.
There is a considerable amount of literature which discusses the theoretical
and practical applications of both areas. Since evaporation is an endo-
thermic process, anything promoting heat transfer into a spilled chemical
would aid vaporization. Surface area contributes directly to the heat
transfer capability of a substance. The one-dimensional steady state

conduction of heat in solids is governed by the equation:

g-ndr
3 &

Vhere g = heat transfer rate in BTU/hr.
K = thermal conductivity in BTU/hr. ft. °F
A = area (in ft2)

ar . temperature gradient across transfer wedium

&
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This equation can be varied to calculate the heat transfer betveen
different phases, i.e., solid or liquid. Any process which increases the
surface area of a spilled liquid should therefore allow a resulting increase

in total mass of vaporized chemical per unit of time.

Surface turbulence tends to disrupt the interface between two liquids
by exceeding the tension between the liquids allowing evaporation to occur

more readily.

Interfacial tension corresponds to the energy required to produce a
unit area of that surface vhen two immiscible liquids are in contact with
each other. Any mechanism which aids in minimizing the effects created by

the interfacial film will tend to increase the vaporization rate.

Surface cleanliness effects the parameters described above. Surface
contaminants tend to disrupt the interfacial film and interfere with heat

transfer.

Vapor Pressure Reduction Agents
An extensive literature review has shown five vaporization reduction agents
are available for hazardous material spills. These include:

Thin Surfactant Films
Foams

Gelling Agents
Sorbents

Cryogens

00000

Surfactant films reduce vaporization by generating a fils which is

insoluble in the liquid and acts as a barrier preventing the transfer of
liquid molecules into the gaseous phase. Foams reduce the vaporization rate
of hazardous floating liquids by forming a 'bubble blanket' over the liquid.

This 'bubble blanket' also contributes to some vapor scrubbing as the gas
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rises through the foam. The warming of the vapor by normal heat transfer
and associated heat of the solution may help by making the vapor less dense
and more buoyant, thereby allowing the hazardous vapor to disperse upward
more quickly, away from the spill area. This would help reduce the toxic
effects of the vapor that a clean-up crev could encounter from a spill.

Gels reduce evaporation by forming a cover of gelled material over the spill
held together by chemical and physical interactions. Surfactants and foams
act to reduce the surface tension of water, allowing better wetting of
organic surfaces and hetter penetration into material surfaces and openings.
This effect aids in isolating spill surfaces from ignition sources and
radiant energy effectively reducing the chances of fire from the hazardous
material. Sorbents reduce vaporization by the preferential wetting and
absorption of the hazardous material into a material with high surface area
and activity. Cryogens function to reduce the vaporization of hazardous
material by absorbing heat energy from the sp_..i vicinity resulting in a
reduction of energy available to z:lov molecules to escape from the liquid
phase. Each of these age-ts _s discnesed in greater detail in the

succeeding paragraphs.

Thin Surfactant Films

Early investigations vith monomolecular films demonstrated they formed
a closely packaged array of molecules, vertically oriented so that their
polar groups interacted with water. Vaporization reductions were attributed
to the formation of & nearly impermeable fils on the surface and extinction
of surface vaves at both interfaces. Organic chain length and both the
chemical and stereochemical nature of the surfactant affected the vaporiza-

tion rate of liquids through monomolecular films. Film pressure
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generated from the monomolecular film considerably reduced surface turbu-
lence and convection currents. For a film to be effective, it should:
(1) be monomolecular and spatially oriented; (2) have limited solubility in

the liquid; and (3) be uniform and continuous.

Fluorochemical surfactant foams which collapse to form a thin film over
hydrocarbon liquids have been shown to reduce evaporation rates by 90 to
98%. This technique has been shown to work best on chemicals having a

surface tension equal to, or greater than, 20 dyne/cam.

A technique developed by Moran et al. (1971), utilized fluorochemical
surfactants to reduce evaporation of hazardous chemicals. The surfactant
can be applied to the spill as an aerosol or as a foam. When applied as an
aerosol, the surfactant/vater solution is alloved to settle over the spill to
form a thin film. The alternative method requires the fluorochemical
surfactant to be incorporated into an aqueous fila-forming foam which is
applied over the spill surface. The foam chemistry is designed in such a

vay that it quickly collapses to fora a surfactant fila.

Assuming & spill of 100 to 100,000 gallons, 1 to 20 gallons of
surfactant film solution would be required if applied as an aerosol. A
nominal expansion ratio of 10 to 1 would be required to apply a low

expansion foam containing the fluorochemical over the spill.

Hydraulic or pneumatic equipment could be used to apply the surfac-
tant/vater solution over the spill surface. Since hazardous chemical

spills are generally small (when compared to oil spills), hydraulic ,
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application equipment appears to be the most feasible. However, pneumatic

systems coud be applied to allow a larger area of dispersal of surfactant.

Foams

Foams can be formulated to have physical and chemical compatibility with
hazardous materials. Foams offer a mechanism of applying water at a slow
rate, providing dilution with a minimum amount of reaction for those
substances that react violently with water. Other advantages of foams
include: (1) the ability to reduce the amount of smoke and fumes; (2) the
ability to aid in the removal of heat by converting water to steam; and (3)

a method to build a 3-D barrier over a spill.

Foam production is aided by lowering the surface tension ( 7 ) to a
foaming solution. The free energy of a surface is equivalent to the work
required to produce that surface. This amount of work is equal to the
product of the surface tension and the surface area of the system. Thus,
G = TA; vhere G is the Gibbs free energy of the network of the system, and

A is the total surface area of the bubbles.

Foams must have stability to be effective. For example, as a film
thins vhen it is stretched, there must be a restoring force generated to
prevent the elastic limit of the film from being exceeded, resulting in film
rupture. The restoring force in foams is believed to result from the higher

surface tension which an increased surface shovs.

Surfactants which are good wetting agents act to reduce surface
tension. Due to this, care must be taken in choosing a foam so that a

defoaning mechanism does not prevent the fils healing mechanism.
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Foams are usually designated as lowv expansion (vwith a volume expansion
of water to foam ratio of less than 20:1) or high expansion foam (with a
volume expansion of water to foam ratio greater that 100:1). The gap
between these tvo expansion ranges results from the lack of suitable equip-

ment to generate foam in the intermediate range.

Foams can generally be formed by three mechanisms which include:
(1) mechanical agitation; (2) impaction of a spray against a screen; or
(3) bubble formation through controlled orifices. Mechanical agitation
generally gives an expansion of less than 80:1 with small bubble size and

good stability.

Low expansion foams are generated by mechanically agitating vater with
the foaming agent in the dispersing nozzle system. Por application in this
manner, the foam is drawn into an eductor at a rate proportional to the
vater flov. When expansion ratios of about 5:1 are desirable, a non-
air-aspirating nozzle is utilized, resulting in only the foam concentrate
and vater being mixed. If higher expansion ratios are desired, an aspirat-
ing nozzle allowing the introduction of air would be required. When low
expansion foams are mechanically generated, they may be directed as a
projectile from a range of up to 200 feet, permitting the blanketing of a

large area from one or more locations somevhat distant to the spill.

High expansion foams are generated by blowing a vater-surfactant solution
against a screen. Impaction of a spray against a screen generally gives
ratios of 100:1 to 1500:1. The expansion created will depend on the
vater-surfactant flow, air velocity, and screen-mesh size. The air velocity
required to generate high expansion foams can be provided by fans or high
pressure water sprays.
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Due to its properties, the high expansion mode of foam production
limits its use primarily to enclosed areas or areas with cals environmental
conditions. Wind and rain present potential deleterious effects to high
expansion foam generation. High expansion foams may also present a problem
in enclosed areas. These foams are non-toxic but may block sight and
hearing, resulting in disorientation. Work in the area is also inhibited by

the presence of the foam.

Foam generation via controlled orifices utilizes a system called a
flooded plate generator. This is a box-shaped compartment separated into two
halves by a horizontal perforated plate. Foam solution is made to flow over
the top of the plate vhile air flows beneath the plate. Bubble size is
limited by perforation size and spacing. Due to its design, flooded plate
generators have been limited in use to the generation cf foam too viscous

for the other types of generators.

The air required to generate high expansion foams can be achieved
through several methods. In air aspirating units, the velocity of the vater
spray is used to create air flow into the generator. This method of
generation is limited to expansion of less than 500:1. To achieve higher
expansions, fans are used to create a higher air velocity. These fans may
develop their mechanical driving force by water flow, electricity, gasoline,
or compressed gas. Hiltz (1980) reported that electrically driven units
provide the highest expansion and that water driven units are self-limiting
due to the greater wvater flov required to develop a higher fan speed. Hiltz
(1980) also stated that the water driven units are more reliable due to their
independence from electrical circuitry. Two forms of water driven systems
are in use -- water turbines and reaction drives.
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Shaver et al. (1983) identified six major types of foaming agents.
These are: (1) proteins; (2) synthetics; (3) AFFF (Aqueous Film Forming
Foam); (4) fluoroproteins; (5) alcohols; and (6) polar solvents. Since
foams may be used to reduce vaporization rates and to combat fires, a
general description of the capabilities of the six major foam types will be

described as discussed by Shaver (1983).

Protein foams have good cooling and burn back resistance. The fire
knockdovn capability of protein foams is not as good as AFFF. Protein foams

are limited to lov expansion applications.

Synthetic or detergent foams are long chain hydrocarbons with
capabilities parallel to AFFF. Synthetic foams are generally used in the

high expansion mode.

AFFF is a fluorocarbon-based surfactant which presents excellent fire
knockdown capability but is poor for cooling a structure or saintaining a

blanket of foam on the surface. AFFF is used in the low-expansion mode.

Fluoroproteins provide lowver surface tension and greater fluidity than
protein foams vhile maintaining the persistence absent in AFFF. These are

primarily used in the lov expansion mode.

Alcohol and polar solvent foams either precipitate or gel into an
insoluble layer on the chemical surface. These could be applied to block
foan degradation or to allov foam buildup. They are primarily applied as

low expansion foams.

The sost isportaat factor iaflusscing the formation of a foam cover is
its chemical competibility with the hasardous floating material. Nost foams
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novw in use are generally compatible with nonpolar molecules and with those
having a pH close te 7. (Chemical-foam interactions due to the solubility
of chemicals in foams are further discussed in Part II, Section I.)

Use of nonalcohol foams with polar compounds is generally restricted to
those having a dielectric constant less than 4. Gross (1982) states that
nonalcohol types of foam are seriourly degraded vhen applied to chemicals
vith a dielectric constant above 4. The floating hazardous chemicals

revieved in this study generally have a dielectric constant greater than 3.

For spills involving hydrocarbons or other chemicals having the
property of lov water solubility, rapid nozzle sweeps of low expansion foam
over the spill is an effective application method. For polar solvents or
other hydrophilic chemicals, gently applying an alcohol type concentrate
(ATC) foam or an APFF/ATC using an air aspirating nozzle is recommended.

This method of application allows a slow buldup of the foam blanket.

Wesson and Associates, Inc., conducted a test for 3~M Company (August
1983) to determine the performance of three different lov expansion foams in
saintaining a foam blanket on a flammable liquid that vas floated on water,
then subjected to a wave producing apparatus. The foams tested were an ATC,
an AFFF, and a fluoroprotein foam concentrate. The perforsance of the foams
vas judged on their capability to follov the movesent of the vaves and to
prevent ignition of the vapor space even after several minutes of vave
activity. The AFFF and ATC foams vere obsarved to follow the movement of the

wvaves, vhareas the fluoroprotein foas did not.

The actual foam depth required to reduce the vapor concentration above
a floating hezardous chemical spill to a non-hazardous level varies with the
nature of the chesical involved. In gemeral, msore volatile compounds

require a greater foes depth.
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The application of foams to spills does not create any significant

problems during cleanup activities where vacuum trucks, sorbents, skimmers,

veirs, etc., are used. However, contaaination of the recovered chemical in

combination with the foam normsally prevents reclamation of the chemical,

thereby creating a disposal probles.

In general, the following conclusions can be obtained from a program

conducted by Gross and Hiltz (1982).

High quality foams demonstrate the lowest drainage rates. This
allows them to maintain their vater content. These foams perform

best in the reduction of vapor hazards.

For nonpolar liquids, any high quality foam cover, regardless of

chemical type, will provide some degree of vapor release reduction.

Alcohol foams are the most stable agents for highly polar low
molecular veight liquids. The other foam types collapse rapidly

vhen in contact with highly polar liquids.

Vapor from polar liquids can be reduced with nonalcohol type low
expansion foams if the volume of foam applied is several times
greater than the volume of the spill. This effect can be attributed
sainly to water dilution instead of the physical-chemical interaction

of the foam.

Nigh expansion foams vith a slower rate of water addition to a
reactive 1iquid spill provide the best control on water reactive

liquids.

The application of a foaming agent to a hasardous material spill will

restrict the vapor release thus ameliorating the downwind hazard resulting
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from the incident. The material vhich may be vaporized will dissipate
quickly due to heat gained as the vapors pass through the foam bubbles.
Reducing the vapor concentration, even if it cannot be held below the TLV,
can extend the life of canister protection and minimizes vapor hazards due

to mask or hose failures.

The slov perseation through the bubble walls may result in a gas
concentration in the bubbles which exceeds the lower explosive limit. High
expansion foams, being more susceptible to the problem, could be ignited.
However, the burn-back rate will be lower than over an uncovered surface.
If ignition should occur, flame propagation should also be reduced if foam

has been applied.

SOEEtion

Sorption is commonly applied in vater treatment processes. Being a
surface process, sorption is controlled by the physical and chemical
properties of the sorbent. Sorbents are used to recover spilled materials
by either: (1) adsorption, in which the material is attracted to the
sorbent surface and adheres to it; or (2) absorption, in which the
material penetrates into the voids of the sorbent material. Sorption is
normally expressed as a capacity, mass of sorbate per unit mass of sorbent.
In general, sorption applies to both liquid and vapor sorption for a
chemical. Sorbents are marketed in a variety of foras including sheets,

rolls, pillovs, or booms.

Sorbent capacities are usually small, being in the range of 10% by
weight. This lack of sfficiency can be balanced by proper selection to
allov the sorbent use, without wodification, with all floating hazardous

chemicals.
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Sorption is influenced by these factors: (1) physical and chemical
attraction; (2) surface geometry; (3) surface area; (4) contact time; and
(5) density ratio of sorbate:sorbent. Environmental factors such as ambient
temperature, pH, and salinity of the vater may affect the chemical and

physical interactions thus influencing sorbent capacity.

Bauer et al. (1975) identified the following materials as good sor-
bents: (1) activated carbon; (2) polyurethane foam; (3) macroreticular
resins; (4) propylene fibers; (5) zeolite molecular sieves; (6) sorbent
clays; (7) polyolefins; (8) polymethyl-methacrylates, and (9) polystyrene
sulfonates. However, economics often come into play in oil spills, creating
circumstances in vhich seaweed, leaves, corn cobs, or other similar
materials are used. None of these biological components used in oil spill
cleanup has the efficiency or capacity to reduce the health and flammability

hazards found with floating hazardous chemicals.

Activated carbon is the most commonly used sorbent material, and its
usage has been researched extensively. Activated carbons have potential
application to a wide variety of hazardous chemicals but are limited in

their ability to float.

Work by Mercer et al. (1973) with floating activated carbon, using the
concept of subsurface injection for utilizing floating mass transfer
mechanisms, was shown to be feasible in field demonstrations. Spill
collection of the spent floating media in a static body of water vas
accomplished using existing oil spill cleanup squipment. The effectiveness
of the spill treatment decreased as the spilled hazardous material became
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more diluted. Mercer et al. (1973) proposed the use of weighted packages of
floating media for treating hazardous material spills, whereas Dawson et al.
(1977) demonstrated better recovery with free floating carbon. Fiber bag
efficiency is limited by kinetic absorption considerations and may be
improved with higher flow rates or contact time. The Dawson et al. (1977)
report arrived at the following conclusions regarding buoyant activated
carbon and porous fiber bags:

o Buoyant carbon can be employed effectively in flowing steams without

the use of ballasted packages. Buoyant carbon may be applied

directly to the surface or it can be slurried and injected beneath
the surface;

o Natural turnover provides sufficient contact with contaminated vater
in shallow streams;

o Floating ¢~ > .1 is capable of a 50% removal rate using a carbon-to-
contaminrant ratio of 10:1 for the flov and spill conditions studied;

o Floating carbon recovery is generally greater than 90%;

o Up to 25% of fiber bags were lost during the tests due to shore
capture or snagging in shallow areas;

o Buoyant carbon was superior to porous fiber bags for removal
efficiency for the flov and spill conditions studies;

o Fiber bags can be loaded, unloaded, and handled more easily than
buoyant carbon;
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o Buoyant carbon will be more greatly affected in bad weather than
vill fiber bags; and

o Both methods present the logistics problem of transporting large

amounts of carbon.

Activated carbon can be obtained from numerous manufacturers and
distributors. The price of activated carbon depends on the size of particle
required and type of carbon purchased. Regeneration of the spent carbon is
difficult and may not lower costs significantly or at all for those
chemicals that may be hard to desorb. Thermal desorption may be too risky

for flammable sorbates.

J. S. Robinson (1978) identified the following sorbents and their
applicabilities. Polyurethane foam can be produced in open or closed-pore
forms and in a nonporous particulate foam. Although polyurethane does not
demonstrate the versatility of activated carbon, it is the best sorbent for
benzene, chlorine, kerosene, naptha:solvent, hexane, n-Butyraldehyde,
dimethysulfoxide, epichlorohydrin, and phenol. It could possibly prove
feasible for most of the CHRIS list floaters. Polyurethane belts have been
constructed to sorb some floating chemicals and many dissolved solutes.

When laden with the absorbed chemical, polyurethane belts may be squeezed to

remove the sorbate into a storage facility.

Repeated application of polyurethane may be required to sorb a spill.

The sorption rate and capacity of polyurethane are dependent on the
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viscosity of the spilled hazardous chemical. Polyurethane foams have been
shown to pick up from 0.1 to 80 times their weight of hazardous spilled

chemicals in one operation.

Polymers vith a spongy structure can be produced by crosslinking linear
polymers with bifunctional monomers. Two common macroreticular polymers
that have been developed are poly (styrene-co-divinylbenzene) and poly
(methylmethacrylate-coethylene dimethacrylate). The monomers can be
developed for more versatility by substitution of polar groups. These polar

groups would allow the polymer to act like an ion exchange resin.

Polypropylene, essentially a linear chain hydrocarbon, is an
absorbent for covalent liquids. It has been shown to sorb benzene,
kerosene, naptha:solvent, dimethyl sulfoxide, and epichlorohydrin.
Polypropylene is generally less versatile than polyurethane. Lacking the
crosslinking shown in polyurethane or macroreticular resins, polypropylene
is more susceptible to decomposition in high-solvency liquids. The methods

used for collecting and reusing polyurethane could be applied to

polypropylenes.

Macroreticular resins can be developed whi-. are more versatile than
polyurethane, but they still do not possess the universal application
available with activated carbon. Very little vork has been done in the

field of developing macroreticular resins for hazardous material cleanup.

Zeolite can sorb ions or molecules by acting as a sieve or by use of

polarity. Zeolite has the disadvantage of possessing a higher affinity
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for water, or ions and molecules that are naturally present in vater, than
the hazardous chemical. Zeolites are hydrous silicates that contain various
cations. Their crystalline structure has empty channels of different
dimensions. These channels give zeolite the ability to act as a sieve for a

range of sizes.

Ion exchangers are probably the best sorbents to use on ammonia,
concentrated sulfuric acid, sodium hydroxide, potassium cyanide, cadmium
chloride, oxalic acid, ethylene diamine, sodium alkylbenzene sulfonates and
phenol. They sorb polar or ionic solutes and can be used to complement

polymeric sorbents for covalent nonmixers.

Polyurethane, polypropylene, macroreticular resins, zeclites, and ion
exchangers serve to complement the range of hazardous chemical absorption
covered by activated carbon, but in some instances one or the other may be

more advantageous or more feasible for application than carbon.

Based on the range of application, the following list of high potential
sorbents is provided in rank cf diminishing feasibility:

o Activated carbon

o Polyurethane foam

o Polypropylene fiber, polyolefin, cellulose fiber, amberlite XAD

0 Zeolite 5A

o Poly (Methyl-co-dimethacrylate), amberlite IRA 93, amberlite
IRA 900, Dowex 50WX3

o Carbonized sawdust, zeolite F (X-Form), clinoptilolite,
polyisobutylene fiber, Dowex IXIO, amberlite IRA 402, DE SAL
process resin, amberlite IR 252, poly (methacrylate) Floridin XXF,
tonsil AC
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Combinations of sorbents also present a feasible means of handling
spills of certain chemicals. One sorbent presently on the market,
Petro-Trap, combines a semipermeable membrane outer container vith a
hydrocarbon absorbing foam interior. The outer container, constructed with
spun-bonded polypropylene, retards the passage of water vhile allowing the
passage of hydrocarbon contaminants. The foam interior then absorbs the
contaminant which can be recovered later using available mechanical
mechanisms. Sorbing materials of this type of construction have proven
feasible for ethyl ether, kerosene, n-amyl alcohol, naptha, ethyl acetate,

hexane, butyraldehyde, and benzene.

Gelation

Work performed by Breslin and Royer (1981) indicates that the following
observations usually hold for conventional gelling agents or similar
additives:

o Introduction of gelling agents to a hazardous chemical spill enables

a stable boom to contain the material at a higher current velocity
or tov speed in calm vater;

o To optimize the effect of gelling agents, time for mixing and
absorption must be allotted;

o Splash over failure reduces containment ability in the presence of a
.3 meter harbor chop;

o The logistics involved in scquiring the gelling agent,
transportation, distribution, separation, recycling, and disposal
increase the time for cleanup;
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© Gelling agents may allow faster recovery craft speeds in some cases;
and

0 Use of sorbents greatly reduces the extent of emulsification of
hazardous chemicals into the water column.
Work at Lowell University by Bannister et al. (1979) concentrated on
the action of carbon dioxide on a primary amine to form a zwitterionic
carbamate salt:

RNHy + COp —» R-Nﬂz" Coy”

The amine being o0il soluble allows it to easily and quickly go into
solution with most organics. Carbon dioxide may then be added to promote a
rapid gel formation. The 0il and other organic compounds can then be
separated from the gelled mixture by filter pressing, centrifuging, or other
chemical techniques to allow quantitative recovery of many organic
materials. The conclusions drawn from this work included:

o The optimum gelling agent is comprised of a mixture of 70% amine D

(dehydroabeitylamine), 15% ethyl alcohol, and 15% Nopol, applied (to
the chemical spill) in a concentration of about 15%;

0 The solubility of amine D is very low, therefore reducing the amount
of emulsification vhich could occur;

0 Toxicities of the gelling agent are lov;

o Fila thickness of the chemical spill does not appear to be a factor
effecting the efficiency of gelation;

o

The optimus carbamating agent is liquid or gaseous COy;
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o Yields of greater than 90% of the original spill material can be
obtained by pressure filtration;

o Volatilization rates may be reduced as much as 50%;

o0 MNost hazardous chemicals are easily gelled by this method.
Important exceptions include: extremely thick and viscous materials
in which solution of the amine solution is difficult to achieve;
acidic compounds (which react with the basic amine) do not gel;
unsaturated vegetable oils form gels of weak mechanical strength, as
do some higher molecular veight napthenic hydrocarbons often found in
lubricants; and

0 Water-front protection is provided by gelling incoming spills since
gelled materials do rot readily soak into the sand.
An investigation conducted by Michalovic et al. (1977) for the EPA
resulted in the development of a "multipurpose gelling agent" (MGA). The
MGA was configured to obtain a formulation that would effectively gel a

variety of spilled hazardous chemicals.

The formsulation of Blend D, containing a polyacrylamide, a
poly-tert-butyl-styrene, a polyacrylonitrile rubber, a poly carboxy-methyl
cellulose and a fumed silica was judged to be the optimum combination based

on the number of chemicals gelled with the least amount of material.

This formulation must be stored in moisture-proof containers below
122°F. It is possible to manufacture and store large amounts of MGA at
distribution sites for ready use if required; however, this mixture is not

commercially available.
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MGA has been successfully tested with the following chemicals:
acetone, acetone cyanohydrin, acrylonitrile, ammonium hydroxide, aniline,
benzaldehyde, benzene, butanol, carbon disulfide, carbon tetrachloride,
chlorine water (saturated), chloroform, cyclohexane, cyclohexanone, ethanol,
ethyl acetate, ethylene dichloride, ethylene glycol, formaldehyde, gasoline,
isoprene, isopropanol, kerosene, methanol, methyl ethyl ketone, octane,
o-dichlorobenzene, petroleum ether, phencl (89%), pyridine, sulfuric adic,

tetrahydrofuran, trichloroethylene, and xylene.

Cryogens
Greer (1976) reported that vapor pressures can be lowered by 40 to 95%

if the temperature of a solution is lowered to its ice point; the use of
cryogens is hampered by the quantities of cryogen and the rate of dispersal

required in order to treat a hazardous chemical spill.

Most refrigerants must be eliminated from the list of possible cryogens
due to their high toxicities and their extensive amount of halogenation.
Carbon dioxide would tend to cause large pH changes vhen used in the
quantities required for a spill. This pH change is caused by the reaction:

CO2 + H0 —>HyC03 —>H* + HCO3™.

In order to obtain significant vaporization rate reductions, a
homogeneous blanket of cryogen must be quickly and effectively placed over
the spill. Environmental factors may significantly hamper recovery efforts
by introducing a high heat load on a sunny day, vhile rain, wind, and vaves

will add to the heat load by aixing.
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Greer (1976) points out that liquid CO; has been recommended over LN,
based on the following critical factors:

0 CO2 tanks are constructed with refrigeration cycles to reliquefy
boil-off;

© CO, storage tanks are single wall, versus the vacuum tank
construction used for LN;. (€O tanks should be less costly and more
mechanically resilient;

© COp costs less than LN; based on effective refrigeration effects;
and

© COy dispersal is readily available by using “snow horns." Both CO;
LN; would displace oxygen, creating a hazardous environment for
Cleanup personnel.

Neutralization

Organisms are extremely sensitive to environmental pH changes. They
have become adapted to the environment in which they live, and any pH
changes from their normal ambient range may result in deleterious effects.
These effects can be observed to occur in anything from reproduction to
enzysatic capabilities. Spills of hazardous chemicals which push the pH
towvard or out of its normal limits effect the environment in many ways.
Biochemical reactions will be altered, solubilities of hazardous metals
may be increased, oxygen levels may be lowered, and chemical identification

systems, such as pheromones used by organisms, may be disrupted.

A good neutralizing agent should have as many of the following
characteristics as possible in order to be considered for use (Akers et al.,

1981).
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o It should keep the pH in the range of 6 to 9 without causing an
excessive pH change toward the acid or basic side if too much neutra-
lizing agent is used. Addition of too little of the neutralizing agent
may result in the pH not returning to the 6 to 9 band. In general,
overaddition of a neutralizing agent should have little adverse effect.
By applying buffer type systems to the spill, such as NaHCO3 or NaHzPO4,
serious overshoot problems should not occur.

o It should be relatively nontoxic to aquatic life. Addition of neutra-
lizing agents will generally increase the temperature of the water
slightly due to heat of solution, increase the ionic strength of the
vater, possibly lower the amount of available oxygen, resolubilize
heavy metals if the pH is lowered enough, and increase the nutrient
concentration vhich could lead to an algae bloom.

o It should have a small biological oxygen demand.
o It should be safe to handle and store.

It should be lov in cost and available in bulk.

(-]

The folloving items should be considered when neutralization is one of the

methods being proposed to combat an acidic or basic spill (Akers et al. 1981).

o Volume of the spill. With a large spill, it may not be logisti-
cally feasible to try to neutralize the entire volume. Care should
be taken to neutralize, to the greatest extent, those areas that are
in the most danger of biological damage.

o Dilution rate. In high current areas, it may be more cost effective
to allov diJution to take care of most of the spill. Any regions with
low flow could then be neutralized with available chemicals.

o Monitoring. The On-Scene Coordinator should have some means at his
sposal to monitor pH changes. Neutralization of hazardous chemical
spills in watervays should not be attempted unless proper monitoring
and control of the neutralization reaction is possible.
The general mechanisa for a neutralization reaction is:
Acid + Base——)Salt + Vater.
Usually the salt produced is less toxic than the material being treated.
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As shown by the titration curves, it is readily observed that when approaching
the amount of nnAtralizing agent required for neutralization, the slope of the
curve increases very rapidly. The ultimate pH which could be achieved by a
massive overdose of a weak neutralizing agent is less toxic than that achieved

by a strong agent.

Large temperature differences may occur between the region being treated and
the surrounding area. 1f possible, this difference should be monitored to try

to limit any adverse effects caused by temperature shock.

Care should be taken when applying the neutralizing agent to avoid
spattering which could result in burns to the cleanup personnel. Any personnel
handling neutralizing agents should wear gloves, a face shield, and an apron to

protect themselves from the possible corrosive effects of the agents.

Precipitation

Chemical precipitation occurs vhen two reagents vhich are soluble in water
react to form an insoluble compound. The solution should be supersaturated to
allov precipitation. This leads to ions combining to form minute particles which
serve as nuclei for the insoluble precipitate. These nuclei grow, progressing
through a colloidal stage, and finally reach the final stage of large, visible,
insoluble particles. These insoluble particles then precipitate as a solid in

the vater column.

Solubility, being an equilibrium process, can show the reverse reaction
leading to dissolution. As the concentration of toxic ions in solutions

decrease, the precipitate may redissolve to restore an equilibrium condition.
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In general, as temperature increases, solubility increases, and this would tend

to speed up the dissolution process.

In general, a precipitation reaction would be used to remove a
vater-soluble chemical from the water column. Precipitation reactions
usually lend themselves to metallic or ionic compounds. Since the main
purpose of this study is to document methods available for removing floating
hazardous chemicals, the majority of which are organics, precipitation

reactions do not appear to be feasible for this use.

Chelation

Chelating agents are compounds or ligands (usually organics) that bind
or coordinate with a metal ion in one or more positions. Precipitation
reactions are exceptions to the usual condition in which a soluble complex
ion, or coordination compound, is produced by the reaction of a metallic ion
vith one or more ligands. In coordination compounds, the metal becomes the
central ion in a heterocyclic ring after reacting with the chelating agent.
Binding of the metallic ion usually results in its deactivation. The metal
is no longer able to react chemically, and therefore is made less toxic. As
vith precipitation, this method has not been developed to remove floating

hazardous chemicals.

Biodegradation

Biodegradation has long been the method applied in water treatment
systeas and landfill sites. It does not have wuch potential as a floating

hazardous chemical spill amelioration method.
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Many of the floating hazardous chemicals, being organics, are sus-
ceptible to biological degradation. Chemical dispersants have been used
to break up spilled oil into droplets that are dispersed through the wvater

colusn in a decomposable form.

In order to allow biological degradation to occur quickly, acclimated
cultures would have to be stockpiled. This would present a complex
logistical and possibly a political problem. 1In addition, it is believed

that many hazardous chemicals will resist biological degradation.

Organisms, in general, function within optimum temperature as well as
optimum pH ranges. It can be observed from most enzymes that a 10° increase
in temperature will double the reaction rate while inside the enzymes'
functional range. Decreased metabolic rates at low temperature could
seriously limit the rate of biodegradation. Similarly, pH or osmotic
conditions for which bacterial cultures are not acclimated could make the

use of such cultures futile.

Oxidation~-Reduction Methods

As a spil] amelioration technique, oxidation-reduction methods are more
applicable to sinking hazardous chemicals than floating hazardous chemicals.
In-situ oxidation has been shown to be feasible on such sinkers as:
2,4-dinitroaniline, 2,4~-dinitrophenol, phenol, trichlorophenol, cresols,

phthalic anhydride, and diphenylmethane diisocyanate.

Oxygen is the most important agent found in natural vaters to allow

oxidation of some hazardous chemicals. Use of oxygen in this reaction will
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result in an increase in oxygen demand, and could result in significantly
reduced dissolved oxygen levels in the water. This problem can be reduced

by injecting oxygen into the reaction region.

Because of limited study in the area of oxidation of floating hazardous
chemicals as a method to reduce toxicity, or to be applied in chemical
cleanup, oxidation-reduction methods do not appear to be applicable or have

any advantages in combating a floating hazardous chemical spill.

Sample Chemical Decontamination System

Work by Robert G. Sanders et al. (1975) with Industrial Bio-Test
Laboratories, Inc., and R. P. Industries has resulted in the development of
a "dynactor." The "dynactor" can utilize the sorption capabilities of
activated carbon, without the associated problems of sinking and loss,
maintaining it in an enclosed system. The "dynactor" can also be applied

for aeration, ozonation, neutralization, and precipitation.

Preliminary work and studies for the "dynactor" were conducted under
contract to the Environmental Protection Agency (Contract Number
68-01-0123). The feasibility study resulted in the development of a
physical-chemical treatment system capable of processing contaminated wvater
at a rate of five gallons per minute (5 GPM). The feasibility study by John
S. Greer (1976) reports the further development of the system to the point
that it can be used as a self-contained unit mounted in a highway trailer.
This system is capable of aspirating 5 X 10% ft.3/min of air while pumping

and treating approximately 250 GPM wvater.

111-29




The "dynactor" is essentially a macroscopic diffusion pump. Liquid
enters the system under a pressure of 40 to 100 pounds per square inch and
is atomized into thin films and droplets with an average thickness or
diameter of less than 1/64 inch. The liquid discharge expands into a
reaction chamber entraining air or gas within the moving film and particles
similar to a venturi eductor. The interior design is such that the
gas-liquid turbulence is established by the time the mixed fluid exits the

reaction chamber and enters into the separation reservoir.

The entering air is accelerated from low velocity and atmospheric
pressure to high velocity at a vacuum as it enters the reaction chamber.
This allows the "dynactor" to aspirate up to 4,800 standard volumes of gas

per volume of motive liquid.

The “dynactor” has been developed in such a way that it is possible to
meter liquid, gas, or powder into a flowing stream of contaminated water in
stoichiometric quantities. This would allow, for example, lime,
bicarbonate, or powdered carbon to be metered by aerosolization directly
into the flowing contaminated liquid, resulting in decontamination by
neutrslization, precipitation, or absorption. Having no moving parts and no

constrictions, the "“dynactor" should require little maintenance.

Magnetic separation vas shown capable of recovering 99 percent of the
flocculated carbon. By adding 25 percent magnetic material, such as finely
divided iron oxide, to the powdered carbon used to feed the "dynactor", and
then adding 2 ppm of a polyelectrolyte flocculating agent at the effluent

end, quantitative removal is possible.
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The cost of a unit capable of handling 2500 ppm water was approximately
$400,000 in the Greer report (1976). The equipment, being mainly designed

for land use, would require wmodifications for marine applications.

MECHANICAL CLEAN-UP METHODS

To minimize the environmental impact of a hazardous chemical spill, as well
as facilitate its cleanup and/or disposal, it should be contained within as
small an area as possible. Advantages which may be obtained by the quick
response toward containing a spill include the minimization of damage to the
environment, the facilitation of the on-site cleanup operations, and the
prevention of the lateral spread with the corresponding dispersion of the spill

into other waterwvays.

For those personnel directly involved in the spill, personal safety is the
prime consideration. If possible, the first line of defense should be to stop
the spill. Others in the area should be warned of the problem and potential
hazards. The appropriate authorities should be informed, giving them as much
information as possible. This could include such items as the location of the
spill, time of the spill, the amount of material released, the known potential
hazards of the substance, any personnel injuries, the extent of the equipment or
container damage, and weather or environmental conditions. The spill area
should be isolated, and restricted to only those personnel directly involved in
the clean-up actions. Clean-up personnel should be made knovledgeable of any
potential hazards, i.e., toxicity, flame/explosion hazards, the need of
respiration equipment. The officer in charge should make it clear who he or she
is, in order to ensure the smooth coordination and handling of the clean-up

efforts.
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For a floating hazardous chemical spill, the fundamental concern will be to
prevent the lateral spread of the hazardous material. Loss of lateral control
implies spreading which will result in more widespread surface dzaage t. the
environment, as well as the increased difficulty presented to the detoxification
and cleanup personnel. For a floating hazardous chemical, some vertical spread
may be expected in the form of droplets becoming entrained in the water column,
as well as in the form of the possibility of some emulsification. This possible
vertical spread increases with time, and requires quick action to limit its
extent. Vertical spread can also occur via evaporation. Reducing the vapori-
zation rate with substances such as foams, discussed elsewhere, may be impor-

tant to reduce possible explosion hazards.

Booms
A large variety of boom devices has been developed for the containment
of oil spills. In most cases, these devices could readily be applied toward
the containment of floating hazardous chemicals. Several properties of a
boos must be carefully analyzed before the selection is made for application

in the field.

Nany booms are constructed with organic material, which say be dis-
solved by the hazardous floating chemicals. This is due to the construc-
tion and spill materials having similar chemical and physical properties.
Under these circumstances, the adage “like dissolves in like" comes into
play and could seriously hinder cleanup and containment efforts. High
solvency hazardous floating chemicals will remove plasticizing agents froa
polymeric materials over time. This action can seriously effect the elastic
and tensile properties of the material being acted upon, vith the final
result being failure of the containment systes.
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Many boom systems use grommets and various other metcllic fastening
systems. Several systems use galvanized chain as ballast at the base of the
boom skirt. Care should be taken to choose a boom system that has as little

metal exposed as possible to limit a spa.- fire hazard in deployment.

Draft and freeboard of boom may help limit the amount of hazardous
mater:al pulled under or allowed to splash over the containment. The proper
choice will significantly affect performance in high current or high wave

environments.

Boom configuration and deployment significantly effect its perfor-
mance. Studies by McCracken and Schwartz (1977) at OHMSETT have demon-
strated head vave shedding and subsequent entrainment as the primary mode
of failure for booms. This phenomenon is directly related to droplet
formation and the relative velocity between the slick and the water.

Test fluids of relatively high specific gravity had the tendency to become
entrained via droplet formation, resulting in shedding loss occurring at
lover boom-tow speeds. The OHMSETT studies indicated that the physical
properties of the spill and the hydrodynamic conditions ultimately deter-
mined the maximum tow speed at which a boom could control the spill.
Critical tov speeds, the speed at which either the boom fails (boonm
stability) or the hazardous material spill cannot be controlled by the
boom, is therefore limited by:

o Shedding - Droplet formation and entrainment of droplets under the
boom;

o Splashover - Spill is periodically heaved over the boom freeboard by
vaves; and
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0 Washover - Large amounts of spill material are heaved over the boom by
vaves, combined with partial submergence and the corresponding loss of
freeboard of the boom.

Critical tov speed generally demonstrates an inverse relationship with the

hazardous material's specific gravity.

A study conducted by Breslin (1978) at OHMSETT came up with the
following conclusions (which could be applied to hazardous materials) in
applying booms to oil spills.

o 1f a straight diversionary boom is deployed, parachute mooring lines are
necessary. The diameter of the lines should be small, to limit generating
standing vaves which can entrain oil;

o The angle of the boom in relation to the current directly affects boom
performance. The more perpendicular to the current the boom is deployed,
the lower the speed at which oil loss and boom stability failure occur;

o 0il losses were predominately shedding in mechanism. The horizontal
vertical action of the water, with entrained droplets passing beneath the
boom skirt, tended to draw much of the entrained oil into a quiescent zone
behind the boonm.

o Nozzle boom configurations appear to be better than straight diversionary
techniques in minimizing 0il losses. Nozzle shaped configurations have
less entrainment and fever standing vortices when compared to straight
diversionary sethods.

It should be mentioned, however, that nozzle configurations may be harder to

deploy in actusl field conditions, and some loss in performance could

result.

Booms should be employed in the diversionary mode in any body of water
vhich has an appreciable current. Skimming devices have a very limited
performance capability in regions of high flow, and may be useless if the
current approaches five knots. By directing the spill towvard a region of
less flow, skimming devices or other methods used to collect spill material
vill be greatly enhanced.
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Skimming barriers have been developed which, in essence, are booms with
integrated skimming weirs. In application, the barrier is towed along one
or both sides of a vessel by lightweight outriggers. As the contaminant is
collected in the skimming weirs, it is transferred to a storage facility via

a pumping system and a density separating device.

Removal Devices

Removal devices have many mechanisms of operation. These can generally

be categorized as:

0 Moving plane skimmers - the pick-up device consists of a metal or plastic
sheet vhich descends through the spill into the water and rises back out
of the water containing the adhered material, which is wiped off and
drained into a reservoir vhile the blade continues on its cycle;

© Belt skimmers - the pick-up element is a moving belt constructed of
absorbing material. The spilled substance is absorbed on the belt and
squeezed off into a containment reservoir;

0 Suction head skimmers - the spill material enters the suction head pick-
up area due to flow of the spill. Suction is applied to the pick-up area
of the suction head, removing the spill material to another container;

0 Weir skimmers - the spill saterial enters a pick-up region in the weir
due to flov of the spill on the vater over a lip, from which it descends
into a collecting vessel. The spill material is then removed by suction
vith a pump or impeller; and

© Rope skimmers - a continuous rope mop is pulled over the vater surface,
collecting the spilled material. The rope then enters a vringer and
returns to the contaminated region to recover more liquid.
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In the study by McCracken and Schwartz (1977) at the OHMSETT test
facility, it was shown that stationary skimmer performance was dependent on
the physical properties of the spill material and the wave conditions
tested. [Floating suction head skimmers and self-adjusting weir type
skimmers were demonstrated to have higher efficiency with higher density
hazardous materials. An oleophilic rope-type skimmer used in this test had

a performance in vaves optimized at close to 80% recovery efficiency.

Advancing skimmers also vere shown to have a strong relationship between
their performance and the physical properties of the spill material. For
the Dip-1002 skimmer which was tested, the tow speed at which maximum
performance occurred vas dependent on the hazardous material's density. The
low density Naptha used in the test was best recovered at the relatively
high tow speed of 1.14 m/s. The denser dioctyl phthalate had an optimum

recovery rate performance at the lower tow speed of .25 m/s.

These results can be explained as follows. The dynamic inclined belt
is constructed to induce a flov velocity relative to the spill material.
For fluids which tend to form large diameter droplets on breakaway, such as
the dense dioctyl phthalate, and have a longer rise time, collection
efficiency is increased at lower speeds, since it takes wore time for the
droplets to rise into the oil collection well. As the tow speed increased,
the probability of the fluid droplets rising behind the collection vell
correspondingly increased. The reverse holds true for lov density hazardous

materials.

Moving plane and belt skimmers which utilize adhesion mechanisas are

highly selective for contaminants; but are restricted in their ability to
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remove much volume per unit time. These skimmers are generally larger, more

complex, and cost more than suction head or weir skimmer devices.

Suction head and weir skimmers are capable of removing a large volume
of a contaminant in rapid fashion, but may also remove a high percentage of
vater in the process. As more water is brought in, a storage problem may

develop, restricting the effectiveness of the use of these devices.

Several skimming devices have been developed which adjust to the depth
of a floating contaminant by varying the pump rate of the suction pump
applied to the device. By reducing the pump rate, the weir edge will rise,
resulting in less material being skimmed. Speeding up the pump causes the

weir to sink and skim more of the material.

In choosing the type of removal device to employ, some of the factors
used in the choice of a boom system are again worthy of thought. Those
devices which utilize motors for propulsion and/or belt/blade rotation
should be constructed in such a manner as to reduce the possibility of spark
generation which could result in fire or an explosion. The material or
device used to absorb the spill materisl should be compatible with the spill

material and not dissolve or break up.

Again, many removal devices are available on the market vwhich would be
suitable for hazardous material applications, as long as the factors

mentioned shove are covered.

Dispersion and Dilution

For the vast majority of spill occurrences, containment should be the

choice of action over dispersion. Dispersion should be taken as a spill
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amelioration technique only after all other possible actions have been

eliminated from the list of consideration.

Dispersive ncthod¥ act to spread the spill, effectively diluting it in
such a manner that the concentration of the material within a small radius
of the spill site is reduced to below recommended limits. Dispersion may be
applicable under the following conditions:

© A spill occurs in open water, in which case the rapid dilution of the
chemical may be expected;

o A spill occurs in a small stream flowing into a large river, in which
case the greater flow would enhance quick dilution; and

o A spill occurs at the mouth of a harbor with fast tidal currents which
would hamper or defeat other methods which might be attempted to contain
or recover the spill.

Numerous methods and devices are available to aid in the dispersion of
floating chemicals. Water spray from a fire hose can effectively break up
and enhance the dispersion of a spill. Care must be taken to limit or
prevent any caustic or hazardous spill saterial from personnel contact.
Aeration systems can be deployed to &llow air bubbles to disperse the

material. Propvash can be applied to push the spill downstream toward a

high flov area.

Many jet blower systers are available commercially for use in this
application. These systess are utilized to help remove snovw from railroads
or to disperse fog. The number of blowers required would depend on such
factors as the nature of the natural wind, and how much vapor concentration

reduction is desired and/or required.
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Dispersion and dilution have the advantage of possibly lowering the
vaporization rate by lowering the amount of heat transfer across the spill,
and could effectively lower the vapcr concentration. This would tend to
reduce fire and toxicity hazards to response team personnel. Dilution could

effectively combat the results of a strong acid or base spill.

Encapsulation
Encapsulation of a hazardous chemical spill utilizing a floating boom

enclosure with an elastomeric membrane cover could be employed to contain
toxic vapors with close to 100% efficiency. The methods to deploy such an

apparatus quickly and safely would have to be studied further.

Many floating cover assemblies are fabricated for a variety of
applications. As long as the assembly would not react chemically with the

floating hazardous chemical, modifications should be minimal.

The selection of the encapsulating material and application would
depend on factors such as material compatibility (mentioned above), spill
size, veight, cost, availability, portability, reuse anld/or disposal
requirements, environmental compatibility, and interfacing with available
spill removal systems. Materials such as polyethylene, polyvinyl choloride

and similar plastics should be avoided due to their reactivity.

Close~Packed Particles

By applying small, lightweight, geometrically shaped particulates over
a spill surface, it may be possible to produce a physical barrier which
would reduce the vaporization rate. These particulates serve to insulate
the surface, causing a reduction in the heat transfer which is required to

enhance vaporization.
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Greer (1976) reported that Plastic Systems, Inc., of Santa Anna,
California, has developed a particulate system which is based on the
geometry of a dodecahedron. One thousand particles will cover a region of
.38 w2 (4.12 £t2). By forming a close packed geometry, approximately 107
particles could cover a spill of 10,000 gallons. Assuming a price of $0.01

per particle, material costs for the spill should be about $100,000.

To be most effective, the geometric shape should be chemically
resistant to the spill material. Other than calm conditions could hamper
particle distribution and the ability of the particles to form a close

packed single layer.

Vapor Dilution

By transferring and mixing uncontaminated air with the vapors resulting
from a hazardous chemical spill, dilution may lower the concentration of
hazardous vapors belovw their TLV or LFL. Dilution of this type would be
possible by applying an artificial vind. This method would be acceptable in
unpopulated areas, and could serve to reduce the flammability and toxicity

hazards confronting the cleanup crew.
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PERSONAL PROTECTIVE EQUIPMENT

Skin is a specialized organ composed of both living and nonliving
components. Its varied functions and properties can be attributed to the
arrangement of its network of different tissues, including sense organs, nerves,
glands, blood vessels, connective tissue, and fat. The tissue orientation of the
skin has three recognizable layers: the epidermis, the dermis, and the

subcutaneous fat.

The skin has many functions associated with the maintenance and well being
of an organism. The function of major concern for this study is the vital role
the skin performs in protecting the internal milieu of the organism from

exposure to potentially harmful materials found in the external environment.

The epidermis, being composed of keratinized resistive cells, provides the
body's first line of defense against bacterial infection, mechanical injury, and
chemical abuse. Most chemical substances, excluding the few such as “poison
ivy" and chemical varfare agents, have long been thought to be unable to
penetrate the skin. It is now known that direct contact with many chemical
substances taxes the ability of the skin to protecting the organism. The
result of the penetration of foreign substances into underlying tissue can
result in that substance, or one of its metabolic byproducts, entering the blood
system. Once the chemical is circulating in the body, it can express itself by
producing severe dasage to such organs as the liver and kidneys:; or it may
possibly lead to cancer or other delayed effects.

In order to minimize the potential hazards to spill response personnel wvhen
confronted with exposure to chemicals, chemical protective clothing should be
used in conjunction with good engineering practice and carefully-planned work

procedures.
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Protective Clothing Limitations

Guidelines for the Selection of Chemical Protective Clothing (Schwope,

et al., 1983), a compilation of information concerning the use of protective
clothing vhen handling hazardous chemicals, is a very informative guide from

vhich the following material has been extracted.

The performance of Chemical Protective Clothing (CPC) as a boundary
between the chemical and the worker is directly related to the materials and
the quality of construction of the CPC. The majority of CPC presently
available on the market today are composed of plastic and elastomeric
materials. Hazardous materials interact vith the plastics and elastomerics
by a variety of mechanisms. Due to the different methods of interaction, no
one type of material can be resistant to all chemicals. No plastic or rubber
clothing can be categorized as impermeable. In fact, for certain chemicals,
there is no commercially available glove or clothing that can provide more

than an hour's protection following contact with the chemical.

The construction of a piece of clothing can greatly influence its
performance as a barrier to s hazardous chemical. Stitched seams and
fastening devices, i.e.: zippers and buttons, may present a highly
penetrable route for chemical permeation if proper care is not taken to
overlap the area with tape, a flap, or a coating. Pinholes may occur in
plastic or rubber products due to poor manufacturing processes or poor
quality control. The thickness of the clothing may also vary from point to
point. Due to these problems, it may be better, in some cases, to use a

multi-layer approach in clothing to help eliminate routes of entry.
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The type of clothing to be used is directly related to its mode of
application. One of the main factors will be the type of chemical which
vill come in contact with the clothing. In order to reduce possible worker
injury, the clothing should be the most resistant type available to that

type of chemical.

The degree of activity in which the worker will be engaged, as well as
the environment, should also be considered. Light work or mild activity may
allow the use of a less durable type of clothing. An environment in which
there is a hazard of the clothing being punctured or torn will require a

more durable piece of material.

Worker comfort is also a major factor in choosing a particular type of
CPC. Clothing which is cumbersome and restrictive can hasten the onset of
fatigue. If a worker is to move safely and effectively, fatigue and

irritability should be reduced.

Cost is another factor which should be considered when selecting which
type of clothing will be utilized for a particular application. In some
cases, it may be more cost effective to use multiple changes of less
expensive, less durable clothing rather than high perforsance, high cost
clothing over an extended period. This could be an important consideration
in combating a spill which has the properties of high tenacity or
perseability, making the decontamination of the clothing a questionable
proposal. If the multiple change route is chosen, disposal costs may become

an issue of concern.
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Surface contamination can often be removed by scrubbing with soap and
water. Several factors should be considered when decontaminating the
clothing. The effluent obtained from the soap and vater scrubbing process
itself may be hazardous. Care should be taken to ensure that it is properly

disposed of.

Scrubbing itself could lead to a reduced performance of the clothing in
its next application. Scrubbing the material can open its weave or pores,
allowing easier penetration of the next chemical encountered. Scrubbing may
also push some of the chemical further into the material, which may
eventually diffuse to the inside surface of the clothing. Unless
decontamination is rendered with proper care, the reuse of CPC, once it has

been in contact with highly toxic chemicals, is not advisable.

Once the clothing has come into contact vith a hazardous chemical, the
diffusion of the chemical from the outside to the inside surface is a major
concern. Fick's first lav of diffusion states that the flux, i.e., the net
amount of the solute that diffuses through a unit area per unit time, is
directly proportional to the concentration gradient. This can be

mathematically expressed as,

J =D §c - vhere §c

Bx(e) LY
is the concentration gradient of the diffusing substance after time t of
diffusion, D is the diffusion coefficient of the diffusing substance in the
medium of interest, and J is the flux. Increasing the area over vhich a

concentration gradient exists, allows more diffusion to occur.

The following generalities can be observed vhen considering the

diffusion of substance through the protective clothing:
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o As the temperature increases, the rate of diffusion increases;
o Permeation is inversely proportional to thickness; and

o Breakthrough time, the elapsed time from initial contact of the chemical
on the outside surface to the first detection of the chemical on the
inside surface, is directly proportional to the square of the thickness
of the CPC.

Once a chemical has tegun to diffuse through a material, it will

continue to diffuse even if the outer surface is decontaminated. This is

due to the concentration gradient still present within the material.

CPC is usually classified into the following categories shown in

Table III-1.

TABLE III-1. CHEMICAL PROTECTIVE CLOTHING CATEGORIES

A. Head, Face, and Eyes D. Complete Torso
HRoods Coveralls
Face Shields Full-body Encapsulating
Goggles Suits
B. Hands and Arms E. Feet
Gloves Boots
Sleeves Shoe Covers

C. Partial Torso

Coat

Jacket

Pants

Apron

Bib Overalls
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Workers responding to a spill should ensure that they are protected
from the hazards associated with a particular chemical through judicious
choice of the proper protective clothing from the above categories. The
worker should inspect the clothing to ensure it is made of the correct
material for the chemical to which it will be exposed. Care should be taken
to inspect the clothing for the following items:

o Check the clothing for punctures, rips, and tears. Pinhole punctures may
be observed by holding the material up to a light. Glove integrity may
be inspected by blowing it up and then applying pressure by attempting to
roll the glove up. Punctures will present themselves as areas through
vhich the air escapes.

o Check for discoloration or stiffness present in the material. These signs
may present evidence that the permeation resistance of the material is
greatly reduced.

o Check for the proper operation of all fasteners. Broken fasteners will
prevent the establishment of the full integrity of that piece of
clothing, as vell as possibly hinder the removal of the clothing in an
emergency.

Once the clothing has been inspected, it should be donned in such a
manner in that the overall integrity and function of the clothing is
obtained. Personnel should inspect each other to ensure that all closures
are secured. The clothing should not be tight, since movement may result in
tears or may limit the movement of the worker resulting in fatigue. Loose

clothing may present a snag hazard or compromise the dexterity of the

individual.

During the performance of the task at hand, wvorkers should periodically
inspect their clothing to ensure that tears, closure failure, or any other
mechaniss which might result in chemical entry has not occurred. 1If any
piece of clothing is damaged, the worker should leave the direct vicinity of

the spill and properly remove and replace the damaged clothing.
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When removing clothing, workers should take care to restrict the
spreading of the chemical from the work area. This objective can be
reinforced by establishing an exit area that acts as a buffer between the

spill scene and the surrounding area.

Respiratory Protective Equipment

In order to ensure the maintenance of life, the body must assimilate a
large number of different substances, the most urgent being a continual
supply of oxygen. Air is approximately 78% (nitrogen) by volume 21%

(oxygen) by volume and less than 1% other gases by volume.

The respiratory system design provides the body with a barrier to help
eliminate problems encountered with inspired air. Dust and bacteria present
in inspired air are precipitated in the mucous that covers the mucosal
membrane of the respiratory tract. The cilia present within the nasal
passages move the entrapped particles outward. This mechanism can be
overloaded as is observed by the extensive injury that results from the
interaction of metal and mineral dust. The sharpness and cutting ability of
this type of dust can result in the disposition of particles in the lungs,
leading to conditions such as those found in black lung, ~ften related to

mining.

The olfactory capabilities of the body often warn the individual of
possible hazards by detecting hazardous materials before their concentration
has reached a dangerous level. However, the threshold level for detecting
some substances by smell is sometimes above or very close to the level at
vhich the substance is hazardous. In some cases, the olfactory nerves
become "overloaded" and cannot sense changes in concentration of a
substance.
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Once a hazardous vapor has entered the gas exchange region of the lungs
it can diffuse into the bloodstream. Depending on the amount inspired and
the mechanism of action of that chemical in the body, tissue damage or death

may occur.

Due to the variations in susceptibility and ability to detect
hazardous vapors, care should be taken when approaching a hazardous chemical
spill. Some substances such as carbon monoxide, will be impossible to

detect by odor alone.

In order to properly confront the spill, the identity of the spilled
constituent should be determined. From this information, and consultation
with a health and safety professional, the 0SC should be able to determine
if the use of respiratory equipment will be required. Air sampling devices,
such as Draeger tubes, can be used to get an idea as to the vapor
concentration of the hazardous chemical above the spill. However, the use
of direct reading instrumentation for emergency response applications is

very limited.

Classification and Description of Respiratory Protective Devices

Hovard H. Fawcett (1984), in his book, presents a concise discussion of
respiratory equipment. Information derived from this source is presented

below.

Self-contained breathing apparatus (SCBA) generally provides the
saximum protection against respiratory hazards. SCBA is designed to supply
complete respiratory protection to an individual. 1If this equipment is
utilized in an environment in which vapors may present significant toxicity

through the skin, complete skin protection should also be used.
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Since SCBA requires no external air supply connection, it can easily be
applied to emergency situations; it can also be used for entry into confined
spaces. This mode of equipment could be applied where worker mobility is
essential, such as those cases in which the worker is cramped for space while

atteapting to stop or repair a leak on a barge or ship.

Personnel donning SCBA should ensure they vear the equipment correctly.
If a proper facepiece seal is not established, the hazardous substance will

still have a pathway to the respiratory tract.

One of the major culprits for preventing a proper seal is facial hair.
Personnel vho may need to use any type of breathing apparatus should ensure
that their facial hair is trimmed to the point where interference with the

achievement of a proper seal is eliminated.

The open-circuit type SCBA assembly, consisting of an air cylinder, an
air line and requlator, and a face mask, is the most widely used SCBA style.
The air supply time is dependent on the size and pressure in the air
cylinder. The positive pressure regulation is the most recommended type
since it maintains a positive pressure in the face mask, reducing the chance

of leakage from the external environment.

Closed-circuit SCBA assemblies vhich remove the exhaled carbon dioxide
have been designed vith a service life of up to four hours. An oxygen
breathing apparatus (OBA), developed for military use, uses potassium
superoxide as the oxygen source and carbon dioxide absorber. The OBA's have
rated service lives of 30, 45, and €0 minutes. It should be understood tha:

the rated lifetime of a breathing apparatus is highly dependent on the
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activity level of the worker. High exertion can reduce the useful life of
an OBA from 60 to 10 minutes. The heat produced by the oxygen source could

be very hazardous if used in confronting some flammable spill materials.

Hose mask devices consist of a large~diameter hose connected to an
uncontaminated air source and a facepiece. Positive blowers or fans may be
used to force air to the facepiece. This design is considered to be a
negative pressure device. It is applicable for use in areas vhere long-time

vork is important and a hose or other connection doesn't present a problem.

Air purifying devices such as canisters and gas masks can be used in
instances vhere the air encountered is within the limits of protection for
the device and an adequate amount of oxygen is present. These units are

designed to protect only against specific chemicals up to certain

concentrations.
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CASE STUDY SUMMARY

The following reports pertaining to hazardous material spills were reviewed
in order to obtain technical information concerning present Coast Guard spill

control/recovery methodologies:

© On-Scene Coordinator (OCS) Report: Major 0il Pollution Incident
Involving the M/V City of Greenville, Mile 179.0, Upper Mississippi

River, on April 2, 1983
0 Summary of Incidents For Memphis Ccast Guard Zone
0 New Orleans Fire Department List of Spill Incidents

o OSC Report: Major Benzene Spill From Tank Barge NMS 1460, O. N. 57743,
at Lock and Dam 26, Mile 202.9, Upper Mississippi River, on April 29,

1982

© OSC Report: Major Acrylonitrile (ACN) Chemical Spill, From the Brazilian

Tankship Quintino, at Texas City, Texas, on March 26, 1984

These reports represent all documentation received in response to letters

sent to Coast Guard Zone Offices in November 1984, by The MAXIMA Corporation.

Coast Guard Reports

The sajor oil pollutiom incident involving the M/V City of Greenville
illustrates many of the problems which may arise during a hazardous material
spill recovery effort. On april 2, 1983, the N/V City of Greenville, with a tow
of four crude oil tank barges carrying 65,003 barrels of (Nontana mix) sour
crude, collided with the Poplar Street Bridge located near downtown St. Louis,

Nissouri. At least one of the barges exploded on impact with the bridge and
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burst into flames. The fire spread quickly setting three of the barges a drift
and on fire. Containing the fire and then handling the spill was, needless to
say, a difficult, prolonged effort. To add to the spill clean-up difficulties,
on April 25, the N/V Louis Frank and tov of eigtt oil barges struck the Florence
Highway Bridge, mile 56.0, in the Illinois River, and discharged an additional

60,000 gallons of No. 6 fuel oil.

Constantly changing winds and water levels resulted in the necessity to use
various techniques to herd the spilled oil. One skimmer was used, but proved
ineffective due to the heavy amount of debris. Deflection booms combined with
vacuum trucks were used to collect as much oil as possible. Much of the oil
vas trapped among the trees and brush, requiring methods to free it from the
area before it could be recovered. The first technique attempted was to flush
the oil with the propwash from outboard engines on jon boats. Wash pumps vere
then attempted. Both of these methods were effective for small areas, but not
cost effective for large areas. Airboats wvere then brought in and proved to be
effective at herding oil. The use of airboats was restricted to open spaces
vhere there was no danger of catching the prop in a tree limb. By using a
combination of these three methods, it was possible to bring the incident to a

successful conclusion.

By May 9, 1983, of the estimated 280,000 gallons of oil released, 41, 871
gallons had been recovered; 4,201 cubic yards of oily debris had been removed to

landfills; and 981 cubic yards of oil debris had been burned on site.

Other problems encountered during this clean-up effort should be considered
in contingency plans, with options preplanned as to the course of action to take

if the situation arises.
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As in most multiple casualties, if a fire occurs it should be handled
first, since it usually presents the largest hazard. In this incident, the
communities surrounding the St. Louis Harbor did not have fire contingency
plans designed to handle this type of incident. Had the questions
concerning jurisdiction been considered prior to the incident, it is highly
probable that the shoreside fires could have been brought under control

sooner.

During the cleanup, a labor dispute concerning the use of personnel and
equipment by the three contractors on payroll occurred. The main cause of
this problem vas the lack of contractor supervision at the many clean-up
locations. This demonstrates the need for proper supervision and control of

all clean-up activities.

The summary of incidents for the Nemphis Coast Guard Zone involved
discharges of styrene and vinyl acetate. Al of the responses reported that
no clearup was feasible due to river current and high flow conditions. 1In
one styrene spill incident, a sorbent boom was placed in the vater around
the area of the leak. The current carried the styrene around the boom

resulting in no recovery of the styrene.

Trere has not been a Coast Guard cleanup of floating hazardous
chemicals within the Captain of the Port, New Orleans Zone. Captain of the
Port personnel in New Orleans have not monitored private contractor cleanups
of hazardous chemicals. A copy of the New Orleans Fire Department listing
of hazardous saterial incidemts for the tise period January 1, 1982 -

May 23, 1983, was forvarded by the Captain of the Port, New Orleans, for
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reviev. Of the 73 incidents reported in this time frame, 29 occurred in
vaterfront areas. Of these 29, 19 were due to leaks in drums. MNore care in
handling drums and replacing old drums would help minimize the possible
discharge of hazardous materials into New Orleans watervays.

On April 29, 1982, a benzene spill occurred at Lock and Dam 26,
Nile 202.9, Upper Mississippi River. In this case, no efforts were made to
recover any of the released benzene. The salvage team plugged the holes in
the barge and partially refloated it. The remaining benzene cargo was then

transferred to another barge.

One of the problems encountered during the recovery was the lack of
policy concerning the authority of the 0SC in a non-federal cleanup to
ensure the safety of contractor personnel regarding items such as
respiratory and skin protection. In some instances, the industrial
toxicologist on scene and the 0SC recommended response personnel wear
respirators, but the recommendations were not heeded. The 0SC's authority

or liability concerning issues such as these should be addressed.

The prime area of improvemert mentioned in this report concerned the
atmospheric monitoring equipment available to Coast Guard response forces.
The St. Louis NSO's atmospheric monitoring equipment included colorimetric
devices and combustible gas/oxygen meters. These devices were ineffective
for the type of monitoring required for a benzene spill. The 0SC in the
case has recowmended that a ENU photoionization organic vapor monitor be
purchased for each NSO.
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On Narch 26, 1984, 63,600 gallons of acrylomitrile (ACN) were released
into the waters of Texas City, Texas. Due to the volatility and solubility
of the spilled product, recovery of the ACN was limited. Efforts taken to

contain the spill were abandoned due to their ineffectiveness.

The major information to be derived from this report involves the use
of foam to reduce vapor concentrations. Response personnel quickly applied
alcohol foam to the spill. This action was taken to guard against toxic
levels of vapors escaping to populated areas, and to reduce the possibility
of igniting the vapor cloud. The alcohol based foam tended to absorb the
ACN and a high concentration of the product vas found in the foam wastes.

The foam was removed by vacuum trucks to conclude clean-up efforts.

During the cleanup, vater samples vere taken to monitor ACN
concentrations. The ACK was found to dissipate quickly from the spill

location and to settle toward the bottom.

Phone conversations were conducted during the week of March 25, 1985,
vith Coast Guard Marine Safety Offices and Strike Teams as a follow-up to
letters mailed Noveamber 16, 1984, requesting infcrmation regarding Coast
Guard hazardous floating chemical spill responses. The following

information is a summary of the responses to the telephone inquiries.

Generally, the Coast Guard has not responded to sany floating hazardous
chemical spills. Several factors contribute to the amount of action, if
any, taken by the Coast Guard:
© The ability to respond to a floating hazardous material spill is hindered

or enhanced sainly by environmental factors, not the material released
into the waterwvay. In lov current areas, the Coast Guard has
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successfully contained and recovered floating spills by use of booms and
vacuum trucks. In currents greater than 1.5 knots, the Coast Guard has had
little success in recovering floating materials. Even through the use of
deflection booms, the material has not been recovered effectively in high
current areas.

0 Federal regulations require that the Coast Guard be notified only of
reportable quantity spills of regulated materials. As long as the
material released into a waterway is below the reportable quantity, it
need not be reported regardless of its toxicity or chemical
characteristics.

0 The Coast Guard is restricted in its use of neutralizing agents for
combating floating hazardous spills in fresh vaters. Acid spills are
usually allowed to disperse to reduce the acid strength. 1In some
instances, lime is applied.

o The Coast Guard role at a spill is to serve as the On-~Scene Coordinator
(0SC). The spill itself is cleaned up by the company responsible for the
spill, or by a private contractor. Coast Guard training emphasizes the
mechanics required for containing and recovering the spill and does not
concentrate on the chemistry and toxicity of chemicals. The Coast Guard
personnel rely largely on the experience of the contractors or
information concerning the chemicals available from the literature or
computerized data bases. Many of the descriptions of the CHRIS chemicals
contain little or no information concerning their true toxicity or
flammability.
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Other Case Study Reports

The following summaries illustrate some of the basic actions necessary
to contain and recover hazardous chemical spills. Although the majority of
these examples deal with petrochemicals, the methods utilized in the cleanup

are applicable to other floating hazardous chemicals.

Jet Fuel Leak From Navy Terminal

A jet fuel leak was detected five miles downstream of the Point Ozol
Navy Terminal. Approximately 200 gallons of fuel had leaked into the
Carquinez Straits approximately three miles from the Martinez, California
marina. Due to the relatively small quantity of fuel that had dispersed
over a large area, considerable dilution had taken place. Clean-up
personnel used an explosimeter to constantly monitor the vapor pressure of
the fuel throughout the cleanup. 1In addition, clean-up operators wvere
extremely careful to eliminate possible ignition sources. As much of the

vork as possible vas accomplished upvind of the spill.

Both permanent and absorbent booms were used to surround and contain
the spill. By the time the spill vas controlled, the low molecular weight
fractions had evaporated. The remaining fuel was absorbed by the booms
vhich vere removed from the water for disposal. The leak was found to
originate from an onshore pipeline located 150 feet from the shoreline.
Clean-up personnel uncovered the pipeline with a backhoe, evacuated the

pipeline, and used a vacuum truck to remove the remaining product.

Paint Spill Into Creek

One hundred gallons of an oil-base paint residue was discharged from

the stormdrain of a paint manufacturer into a locsl creek located 300 yards
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behind their warehouse. The creek eventually emptied into the San Francisco
Bay. Since paint floated on the surface of the creek, standard oil-spill
control and clean-up procedures vere applied. Absorbent booms were placed
both upstream and downstream of the spill. The stormdrain was flushed, and
a vacuum truck vas used to recover the residual paint that was vashed out of
the line. All of the paint was effectively absorbed by the booms, which
vere then removed from the creek.

Diesel Fuel Leak Into River

A train derailment resulted in a spill of approximately 3,400 gallons
of diesel fuel into the Napa River in California. Initially, abosorbent
booms were placed around the spill using punt boats to contain the fuel, and
absorbent pads were worked within the boom area as a clean-up measure.
Approximately 700 feet of permanent boom was then used to catch and divert
to the shore the fuel that had escaped before containment efforts began. A
vacuums truck then collected the spilled material. The boom was shifted to
allov for tide changes and current. Final cleanup vas accomplished with
absorbent pads.

Jet Fuel Leak

A tank truck accident in the Knoxville, Tennessee area resulted in the
release of approximately 2,600 gallons of jet fuel into a ditch that feeds
Third Creek, which eventually discharges into Fort Loudon Lake. Initial
responses involved the building of a dirt dike that included the placement
of PVC pipe at the bottom of the dike to permit water passage. The local
fire departsent applied APFF lov expansion foam to the floating fuel to
aininize the potential for a fire. A skimmer pump was used to remove the
fuel layer from the creek. Final cleanup included the use of absorbent
pads. Light suits sade of PVC, nitrile gloves, and PVC boots were worn by
clean-up personnel.
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Drums Leaking Into River

An overturned tractor-trailer truck resulted in approximately 80 drums
of a styrene-resin mixture being scattered on a river embankment.
Approximately 15-20 drums were found to be leaking their contents onto the
ground and into the San Joaquin River in northern California. Containment
efforts included the placement of a boom at the outlet of the cove vhere the
spill occurred to prevent further contamination of the main river channel,
and placeaent of another boom downstream to intercept the material that had
already escaped. Cleanup of the contained materials was accomplished with a
vacuum truck and vacuum hose vhich was positioned with a punt boat. Due to
the flammable nature of the spilled chemicals, only spark resistant tools
were used during the clean-up activities. An on-site occupational safety
and health representative identified full-face air purifying cartridge

respirators and PVC gloves and boots as protective gear.

Cleanup of PCB Contaminated 0il

An estimated 2,000 gallons of a black oil substance, suspected to
contain PCBs, (as a result of field tests conducted by the U.S. Coast
Guard), was discovered floating down a flood control channel which feeds the
San Gabriel River in California. Emergency response measures to contain the
material involved the placement of & primary permanent boom, and a secondary
boom to collect material that escaped the primary boom. A boom was also
positioned to protect the cooling vater intake of a pover generation station
vhich was located near the released material. Booms vere placed vith punt
boats equipped with outboard zctors. Absorbent pillows vere worked in the

containment area to clean up the o1l materisl.
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Gasoline Leak Into Creek

An accident involving a gasoline tank truck resulted in the release of
approximately 2,400 gallons of commercial grade gasoline into a creek that
flows into the Little Tennessee River. A boom was placed across the creek
downstream of the spill to contain the gasoline. Absorbent pads were used
in the contained area to pick up the gasoline. The gasoline was squeezed
from the pads and collected in drums. An on-site occupational safety and
health representative identified PVC and nitrile gloves and PVC boots as the

required protective equipment.

Feather River 0il/PCB Spill

In northern California, a rock slide at a hydroelectric plant resulted
in thousands of gallons of PCB-containing oil escaping from damaged
capacitors and transformers into the Feather River Canyon and the River
itself. Three types of booms were used to control the extent of the spill:
log, permanent plastic, and absorbent booms. They were placed using boats
and punts. Booms were first placed in positions that would take advantage
of both the direction of water and vind flow to effectively move the oil
into the boomed area. As oil vas recovered, the booms were gradually pulled

in to decrease the surface area of the river covered by oil.

Once the spill vas contained, two approaches were used to recover the
floating oil. Vacuum trucks located at the shoreline skimmed the oil/water
mixture on the river's surface. The mixture in the trucks was then
decanted, after adequate settling, by draining the waste in the truck with
an underdrain valve. In addition, oil mop units vere used within the

oil-containing area. These absorbent pompoms continuously recirculated on a
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rope through the oil. They selectively absorbed the oil and then passed
through a wringer system located on-shore. The vringer system removed the

majority of the oil prior to the pompoms passing through the oil again.

Some of the oil remained with sediments on the bottom of the reservoir.
A dredging operation was undertaken to remove the oil-contaminated sediments
from the reservoir. The dredged material was treated with potable water
treatment polymers, settled, and the solids were passed through a mobile
centrifuge to separate the sediments from the water. The concentrate,
containing most of the oil, was then passed through a sand filter and MACS
(Mobile Activated Carbon System) to remove suspended sediments and absorb
thea PCBs. The treated concentrate was returned to the river following

confirmation analysis.
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IV. TEST PROGRAMS DISCUSSION

The review of state-of-the-art spill containment and recovery techniques,
which have to date been directed primarily at crude oil spills, identified
several deficiencies in response to spills of floatable chemicals. The 315
floatable chemicals identified in Section II and Appendix A collectively pre-
sent potential problems in chemical compatibility with containment and recovery
equipment, and in creating a toxic or otherwise hazardous atmosphere near a
spill. Data exist on the corpatibility of chemicals and procedures for
controlling vaporization of certain spilled chemicals, but a comprehensive
application of these data to floatable chemicals spill control procedures and

equipment has not been done.

To arrive at a broad understanding of the appropriate response to spills
of floating chemicals, a number of programs ranging from literature reviews to
laboratory, pilot, and field testing will 2 required. Considering the large
number of floatable chemicals of concern and the variety of environmental fac-
tors such as wind velocity, vave motion, temperature, etc., that can affect a
spill containment and clean-up, categorization of chemicals and prioritization
of factors affecting spill response should be the first task in future investi-

gations.

The following is a list of tasks which would be appropriate to investigate
and clarify the applicability of existing equipment and technology for use in

the containmenl ~ad recovery of floating CHRIS chemicals.

o Investigation of the Compatibility of Foams with Floating Hazardous
Chemicals
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o Investigation of the Compatibility of Containment and Recovery Device
Materials with Floating Hazardous Chemicals

o Investigation of the Effect of Equipment Operation on the Effectiveness
of Foam in Reducing Hazards Associated with Floating Hazardous Chemicals

INVESTIGATION OF THE COMPATIBILITY OF FOAMS WITH FLOATING HAZARDOUS CHEMICALS

The hazard presented by the vaporization of the floatable chemicals is
the major concern for response to spills of these materials. Although this
investigation generally identified foams as a viable means of reducing fire and
toxic hazards, specific studies may be required to establish compatibility and

efficiency.

Foams have been effective in controlling the vapor release from some vola-
tile chemicals. Foams also tend to isolate spills from ignition sources and
radiant energy. Due to this ability, foams are a prime candidate for reducing
the flammability risk vhich may be presented to personnel combating a floating

hazardous chemical spill.

Gross (1982) has conducted extensive investigative studies with foams over
hazardous materials (see Tables 1-3). This testing and information can serve as
a guideline for further research. Areas which were not intensively covered in

Gross' work include:
o The studies did not involve hazardous chemicals floating on vater, and

o Environmental effects such as vave conditions, currents, temperature
extremes, vinds, rain, etc., and their relation to foam effectivensss
vere not investigated.

Gross developed a matrix vhich could serve as a guideline for spill clean-

up personnel to use in choosing foams for application. High quality alcohol
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TABLE IV-1.

Orgsnics~-Aliphatic
Acids

Alcohols

Aldehydes & Ketones

Esters

Halogenated

Hydrocarbons

Nitrogen Bearing

Organics-Arosatic
Hydrocarbon

Organics-Alicyclies

Organics-Industrial

Organics-Cryogens

Inorganics

Inorganics-Cryogens

Type of
Feoam: 1

HAZARDOUS CMEMICALS LISTED

- Acetic Acid
- Caproic Acid

Amyl Alcohol
Butanol

Buty! Cellasolve
Methano!

Octanol

Propanol

Acetone
Methyl Butyl Ketone
Methyl Ethyl Ketone

Buty! Acetate

Ethy! Acetate
Methyl Acrylate
Methy! Methacrylate
Propy) Acetate

Buty! Broaide
Methy!l Bromide
- Tetrachlorethane

- Heptane
- Hexane
- Octane
~ Dimethyl forasamide

- Benzene

= Tetrshydronaphthalens

- Toluene

Cyclohexane

Gasoline
Kerosene
Nepths

Paint Thinner

- Liquefied Naturs! Gas

- Silicon Tetrachioride

~ Sulfur Trioxide

- Ammonias
- Chlorine
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TABLE 1V-2. MATRIX FOR POLAR AMD MOMPOLAR LIQUID HYDROCARBONS

Surfactant

Protein Fluoroprotein Alcohol Surfactant AFFF  High Exp.
Esters E E A [3 € 13
Alcohols E A E E
Ethers E E A E E E
Aldehydes E E A E E E
Ketones £ E A E E 3
Phenols E E A E E 2
Halogenated
Cospounds A A clb) cle) clc) ale)
Alkanes A A c(b) ¢ c ala)
Alkenes A A c c c al9)
Alkynes A A c ¢ c ale)
Dienes A A c c c ala)
Cycloaliphatic A A c c c ala)
Aromatic A A c c c ale)

(a) If wind speed is less than 15 sph; also sinimizes amount of water.

(b) Only satisfactory because doss not flow over spill as well as other

types of foasm.

{c) Foam drainsge and sitigation times are not as good as protein based

fosas.
A - Recoamended
8 - Satisfactory
C - Not Recosmended

Source: $. $. Gross et al. (1982).
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TABLE IV-3. FOAM MITIGATION TIMES - TIME FOR SIGNIFICANT VAPOR BREAKTMROUGH

Ethyl n-Buty!
Foam Agent Cyclohexane Benzene Toluene Ether Acetons Acetate n-Octsne Triethylamine
National 6%
Regular Protein 60 60 6o0* Collapsed Collspsed Collapsed 60 -
Larcon 6%
Regular Pro’ zin - 301 - " " - -- --
Larcon 3%
Fluoroprotein - 301 60 " " - - -
National XL-3
Fluoroprotein 60 30! - " " 60 - -
Rockwood Alcohol 60 60 60 20 60 60 60 --
Nationsl Aer-0-Foam
99-6% - 5 -- Collapsed Collapsed -- - -
MSA Ultrafoam
Low Expansion 60 151 55 o " 25 -- --
Rockwood Jet-X
Low Expansion -- 15 - " -~ - - --
Larcon Full-Ex
Low Expansion -- 35 10} " Collapsed -- - --
National 3% Affr 60 13 50 152 - 60 60 -~
3M Light Water
6% AFFF - 6 -- 162 " -- -- --
Rockwood Jet-X
High Expansion -~ 12 -- Collspsed Collapsed -- -- -~
Larcon Full-Ex
High Expansion 30 25 151 " " -- - --
MSA Ultrafosas
High Expansion 60 16 23! . - Collspsed 151 --
M Light water
6X AFFF
High Expansion - 1" - -- - -- -- --
Nations!l 3X AFFF
High Expansion -- 10 - - ~- -- -- --
* Ties given in minutes
1 Significent wind
2 Cap formed between the fosa and solvent
Source: S. $. Gross et al. (1982).
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foans are recommended for application to polar materials; vhile for nonpolar com-

pounds a high quality low or high expansion foam is recommended.

Liquefied gases were deleted from the matrix due to the highly specific
interaction of foams with liquefied gases. Counte.productive results may occur

if foam is incorrectly applied to liquefied gas spills.

I1f a compound has several functional groups, problems may arise when using
this table. For example, an aromatic may contain a polar group. Polar groups
are specified to require alcohol foams, while the aromatic ring is best
approached with a protein or fluoroprotein foam. Applying an alcohol foam to
this compound would satisfactorily reduce the vapor pressure over the spill,
while application of a protein foam could, in some instances, provide unsatis-

factory results.

The matrix method also assumes that the personnel applying it have a basic
knowledge of organic chemistry. This may or may not be true for 0.5.C. and

other personnel at the spill sight.

Based upon the recommendations given in the Gross matrix and available
quantitative data regarding polarity, i.e., dielectric constants, Tables B-l
through B-13 have been developed. These thirteen tables classify the floating
hazardous CHRIS chemicals by toxicity and flammability. By applying the Gross
matrix and polarity data, the chemicals have been matched with vhat is, ten-
tatively, the best type of foam to be used in reducing the hazards inherent to
the chesical in question. To accurately assess the validity of these tables,

field tests would be required.
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The recommended foams for application are designated as follows:

High expansion surfactant (if wind speed less than 15 mph)
Alcohol type foam

Protein type foam

Fluoroprotein type foam

o U n

A combination of tables of flammability and toxicity ratings as defined by the
criteria in Section II (pages 1I-2 and II-3) has been tabulated for 292 float-
ing chemicals. The recommended foams based on the findings of Gross, et al.

(1982) have alsc been incorporated into these tables. The resulting tables are

identified belovw and listed in Appendix B in Tables B-1 through B-13.

Number of Floating

Table Chemical Classification Hazardous Chemicals
B-1 Nontoxic, noncombustible 17
B-2 Nontoxic, highly flammable 1
B-3 Slightly toxic, noncombustible 36
B-4 Slightly toxic, combugtible 33
B-5 Slightly toxic, flammable 53
B-6 Slightly toxic, highly flammable 17
B-7 Moderately toxic, noncombustible 18
3 B-8 Moderately toxic, combustible 44
! B-9 Moderately toxic, flammable 34
B-10 Noderately toxic, highly flasmable 10
i B-11 Highly toxic, combustible 15
H B-12 Highly toxic, flammable 11
B-13 Highly toxic, highly flammable 3
5 Total 292

Although the sequence of these combinations should indicate a grouping of
"Highly toxic, noncombustible," however, toxicity and flammability data did not

produce any floating chemicals in this category.
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By considering the categories for which foam usage would be most benefi-
cial, i.e., those categories including flammable and highly flammable chemicals,
the number of chemicals requiring investigation can be reduced to 153. By
reducing the investigation to this number of chemicals, one can effectively
reduce the amount of testing by one-half. (Incidentally, this breakdown will

include 81 chemicals which are either moderately or highly toxic.)

To further reduce the number of chemicals to be tested with foams to a

reasonable number, several methods could be applied:

o A reviev of the Coast Guard PIRS List could be conducted to determine
which chemicals are those with the highest incidence of spillage. (See
Table 18)

o Records of chemical transfers could be reviewed to help determine which
chemnicals are transported most often or in bulk on national navigable
vaters.

o Applicable records vhich may be of aid in this deteraination include the
following statistical reports:

- Inland Waterborne Commerce Statistics Annual compiled by the U.S.
Army Corps of Engineers (listed in the 1982 Statistical Reference
Index); and

~ Waterborne Commerce of the U.S. 1981 (listed in the 1983 American
Statistics Index)

0 Representative cheamicals (based on functional groupings) could be
chosen for investigation.

This reduction/elimination procedure could possibly reduce the number of

chemicals to be tested with foams to s manageable number of 12-20.
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TABLE IV-4.

Gallons
Chemical Spilled+
Adiponitrile 71,737
Aniline 1,010
N-Anmyl Alcohol 134
Benzene 66,237
N-Butyl Acetate 3,050
N-Butyl Acrylate 2,806
Butyl Ether 100
Cresols 665
Cyclohexane 214,073
Ethyl Acetate 71
Ethyl Acrylate 830
Isoprene 200
Methyl Acrylate 1
Methyl Isobutyl Ketone 143
Methyl Methacrylate 4,150
Styrene 196,808
Toluene 187,747
Turpentine 25,605
Vinyl Acetate 22,804
Xylene 37,107
Ethyl Benzene 229
Maleic Anhydride 9,700
Napthenic Acid 2,132

OF SPILLAGE

Category

Highly toxic, combustible
Highly toxic, combustible
Slightly toxic, flammable
Highly toxic, flammable
Moderately toxic, flammable

Moderately toxic, combustible

Moderately toxic, flammable
Highly toxic, combustible
Slightly toxic, flammable
Slightly toxic, flammable
Moderately toxic, flammable

HAZARDOUS FLOATING CHEMICALS YITH A HIGH INCIDENCE

Tested*

¢

Moderately toxic, highly flammable

Slightly toxic, flammable
Moderately toxic, flammable
Slightly toxic, flammable
Moderately toxic, flammable
Moderately toxic, flammable
Slightly toxic, flammable
Moderately toxic, flammable
Slightly toxic, flammable
Moderately toxic, flammable
Highly toxic, noncombustible

Moderately toxic, combustible

+Information from Pollution Information Response System (PIRS) List printed

March 4, 1985.

*Gross et al. (1982).
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With the number of chemicals reduced by the above methods, the remaining
chemicals can be categorized further by a chemical classification technique; and
a select number of floaters can be chosen for laboratory bench scale testing.
The testing will involve the application of up to three different types of
foams selected to have variable compatibility with polar and nonpolar organics.
A layer of foam will be applied to containers with a layer of the selected
chemicals floating on water. Observation of stability of the foam blanket and
measurement of the collapse rate serve as indicators of compatibility of

chemicals and foass.

Further bench scale testing of foams that are found to be compatible will
include blanketing samples of selected chemicals that are suspended on water and
monitoring the vapor space above the foam with an explosimeter to determine if
this space is flammable. Other variables such as foam depth, surface turbulence
(wvind and vaves), and temperature will be considered in developing the bench

scale test progras.

Additional testing of foams under simulated field conditions should also be
done on a pilot scale. Test conditions should be selected based on spill sce-
narios. The most likely locations are harbors and rivers. Harbors should be
tested because that is vhere most of the materials handling and transfer takes
place. Rivers are likely subjects for investigation because of barge shipments
and the location of other transportation modes (e.g., truck, rail) near rivers.
Of major interest is the stability of foam blankets under rough water or flowing
vater conditions and the ability of the foams to maintain suppression of vapor

release. Flamsability of the vapor space above the foam should be monitored

throughout the testing.
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INVESTIGATION OF THE COMPATIBILITY OF CONTAINNENT AND RECOVERY DEVICE MATERIALS

WITH FLOATING HAZARDOUS CHEMICALS

For favorable judgement to be placed on the feasibility of applying a spill
amelioration device and its associated auxiliary equipment, several factors must
be carefully studied. These factors may include some or all of the following:
(1) the device or system must show some degree of efficiency and effectiveness;
(2) the device or system must preferably provide a rapid recovery rate of the
spill mateiial; (3) the device or system must possess mobility to allow rapid
deployment; and (4) the fabrication materials of the device or system should
be compatible with the spilled chemical. The following discussion will be
limited to describing various construction saterials which have been used with

devices that have been in contact with hazardous chemicals.

Many materials have been used in the construction of spill containment
devices. The following information has been extracted from J. S. Robinson's
(1979) description of off-the~shelf containment devices. (See Table 19)
(Chemicals tested vere pentadecanol, ethyl ether, kerosene, n-amyl alcohol,

naptha: solvent, ethyl acetate, hexane, and n-butyraldehyde.)

Iv-11
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TABLE IV-5. SPILL CONTAIMMENT DEVICE CONSTRUCTION MATERIALS

Material

Vulcanized laminzted neoprene-

nylon-neoprene sandwich

Chemigua rubber-reinforced
nylon fabric

Polyurethane fabric
Solvent resistant rubber-
impregnated nylon fabric
Two~ply nylon fabric

Neoprene
Paracril-ozo coated fabric
Terylene fabric impregnated

vwith chloroprene rubber

Aluminun-sagnesium alloy

Chemical Compatibility

Resistance to solvency vas good for all
representative hazardous floating liquids.

Resistance to solvency vas good for all
representative hazardous floating liquids
except for:

Ethyl acetate - vhich caused a weight loss
of 15%, discolored the solvent, showed
curling, swvelling, and softening.

Ethyl ether-solvent - discolored and
fabric was stiff wvhen dry.

Butyraldehyde - solvent discoloration,
marked curling, swvelling, stiffening.

Naptha-solvent - discoloration, fabric
stiffened. When dry, hexane and kerosene-
minor effect.

Highly resistant to solvent action of all
hazardous floating liquids.

Feagibility of containment high for represen-
tative floating chemicals.

No deterioration in solvent stability tests.

Suitable for all representative hazardous
floating chemicals.

Solvent resistance good in all floating
hazardous liquids.
Expected to be highly solvent resistant.

Expected to be highly solvent resistant.
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Flexible synthetic membrane liners have been applied for containing
industrial wastes. These liners have demonstrated an ability to contain a
variety of fluids with minimal losses from permeation and seepage, high
resistance to deterioration by chemical and bacterial mechanisms, and relatively
easy maintenance. Some of the membrane materials are more susceptible to ozone
and ultraviolent deterioration than others. Some of the materials are more
likely to demonstrate unwanted terperature effects such as cracking or
stretching. Due to problems such as these, care must be taken to study the
chemiczl and physical properties of the material before their application is
justified. Table 20, which follows, is a compilation of material extracted froa

Fung (1980).

Due to the stability of some of these liner materials when in contact with
various chemicals, it may be feasible to utilize their properties in the

construction of containment devices such as booms.
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TABLE IV-6. FLEXIBLE SYNTHETIC MEMBRANE LINER MATERIALS

Material

Polyvinyl chloride

Neoprene

Polyethylene

Butyl rubber

Chlorinated polyethylene

Ethylene-propylene rubber (EPDX)

Chlorosulfonated polyethylene

Properties

Contain 30-50% of one or more plasticizers
(subject to attack by high solvency chemi-
cals) to make film flexible and rubber-like,
2% chemical stabilizer, and various amounts
of fillers.

Chlorine containing synthetic rubber;
superior to natural rubber in resisting oils,
veathering, ozone, and ultraviolet radiation;
extremely resistant to puncture, abrasion,
and wmechanical damage; relatively expensive
compared to other liners.

Tough, highly flexible, inert in solvents,
excellent low temperature qualities; poor
puncture resistance and weatheribility if
formulated without carbon black or UV
absorbers; low cost.

Copolymer consisting of 97% isobutylene and a
small amount of isoprene to allov unsatura-
tion for vulcanization; excellent resistance
to permeation and swelling in water; poor
resistance to hydrocarbon, some ozone
cracking possible.

Produced by a reaction between chlorine and
polyethylene; not susceptible to ozone
attack, excellent crack resistance at low
temperature, good tensile and elongation
strength, excellent resistance to atmospheric
deterioration, limited range of tolerance for
chemicals, oils, and acids.

Terpolymer of ethylene, propylene and a
diene monomer to introduce unsaturation (to
allow vulcanization); resistant to dilute
(10%) acids, alkalis, silicates, phosphates,
and brine; excellent resistance to vater
absorption and permeation, relatively poor
resistance to some hydrocarbons, is not
recommended for petroleum solvents, aroma-
tics, or halogenated solvents.

Made by chlorosulfonation of polyethylene;
can be used in vulcanized or non-vulcanized
compounds; good puncture resistance, excel-
lent resistance to weathering, age, oil, and
bacteria; high cost, lov tensile strength.
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Of the materials briefly discussed above, the following appear to be most
resistant, i.e., compatible with the largest range of hazardous chemicals: vul-
canized laminated neoprene-nylon-neoprene material, polyurethane fabrics, sol-
vent resistant rubber impregnated nylon fabric, two-ply nylon fabric, neoprene,
paracril-ozo coated fabric, terylene fabric impregnated with chloroprene rubber,
aluminum-magnesius alloy, and polypropylene. All of these materials are commer-
cially manufactured and available. An in-depth literature review should be con-
ducted to add to and refine this list of materials to ensure completeness and

present state-of-the-art knovledge.

The floatable chemicals will be categorized by chemical class for deter-
mining chemical compatibility with containment and cleanup equipment. If
deficiencies in compatibility data are found, simple laboratory tests will be
conducted to determine compatibility of selected chemicals with the fabrication
materials of cosmercially available response equipment. The tests would
involve placement of small samples of various materials in selected chemicals
and observation by means of simple measurements of the effects on the materials
vith time. Pitting, softening, signs of dissolving, and weight loss are typical

of the types of observations and tests to be made.

INVESTIGATION OF THE EFFECT OF !ggl?llﬂ? OPERATION ON THE BFFECTIVENESS OF FOAM
IN REDUCING S ASSOCIATED WITH FLOATING H US CHEMICALS

Consideration should be given in the test program definition to the impact

that the type of collection equipment used in a spill cleanup would have on the
flammability protection provided by the foam. Skimming devices such as veir
skimmers appear to have a high degree of adaptability to cleanup of floating

chemicals. The action of the skimming/transfer device on the foam blanket
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protection may require testing to verify the protective efficacy of foam
systems. Use of a full-scale test facility such as OHMSETT may represent the

best way to test this potential probles.

The following Table IV-7 is an idealized outline of a minimum testing
effort inclusive of laboratory, bench, pilot and simulated field tests with
selected foams and a limited number of hazardous chemicals. The initial number
of chemicals should be selected based on frequency and quantity of shipments,
frequency of spills on waterwvays, and fire and toxicity hazards. The fire and
toxicity criteria should be selected to include high flammability and toxicity
ratings but without excessive hazards to testing personnel and without dif-

ficult wvaste disposal probless.
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TABLE IV-7. OUTLINE OF A MINIMUM TRSTING KFFORT
OF FOAM AND MATERIAL COMPATIBILITY
The following is an estimated level of effort for conducting the tests described
in the outline of development testing. This estimate does not include an esti-
mated level of effort for conducting further literature reviews and technical
reviewvs.

Level of Kffort
Man-Weeks

A. Freparation of Detailed Plan 4

B. Chemical/Foam Compatibility Tests
&ssume 20 chemicals
3 foams
60 tests 8
Waste Disposal

C. Vapor Suppression Tests

1. Bench Scale Vapor Suppression Tests
assume 10 chemicals
3 foans
2 foam depth
2 temperatures
2 vater types
1 turbulence condition
(quiescent)
240 tests 20
Waste Disposal

2. Pilot Scale Vapor Suppression Tests
assume ¢ chemicals
2 foams
3 turbulence conditions
(quiescent, flowing, waves)
tests 40
Waste Disposal

Equipment
3. Full Scale Tests at OHNSETT

D. Compatibility Testing of Equipment

Naterials and Chemicals

assume 6 materials
10 chemicals
€0 tests 10
Vaste Disposal

v-17




e

( BLANK ]

IV-18

ek~



RS s - . g Y s e

e

g pu—  — ——

V. SOSIARY AMD CONCLUSIONS

This project vas divided into three major tasks -- A reviev and classifi-
cation of chemicals contained in the Coast Guard Chemical Hazards Response
Information System (CHRIS), a state-of-the-art review of technologies for the
containment and recovery of floating hazardous chemicals, and general recommen-
dations for testing of foam and material efficiencies and ccmpatibilities. As a
result of this project, specific deficiencies and probleas inherent in present

technology have been identified.

The identification and evaluation of state-of-the-art techniques for the
containment and recovery of floating hazardous chemicals must include the
consideration of the operative mechanismus of the techniques involved and the
physical and chemical properties of the spilled chemicals. Containment and
recovery techniques serve to limit the horizontal as well as vertical spread of
spilled hazardous chemicals. Each of these techniques will have an effect on,
and be effected by the physical chemistry of the spill, the mass transfer of the
spilled chemicals, as well as conditions at the spill site, such as wind, waves,
and temperature. By understanding the techniques and chemical properties and
and their inter-relationships, problem areas or developmental needs in improving

the applicability of state-of-the-art techniques can be readily identified.

CBRIS is designed to provide Coast Guard spill response personnel with the
decision-making inforsation required in their response to emergencies that occur
during the water transport of hazardous chemicals. This system contains infor-
mation such as fire hazards, health hazards, shipping information, chemical
reactivity and the physical and chemical properties of over 1100 chemicals. To
properly assess the potential hazards and difficulties vhich could be encountered
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in combating a floating hazardous chemical, it was necessary to develop criteria

[

to determine vhat constituted a floating hazardous chemical. Three major
properties--floatability, flammability, and toxicity--vere reviewed for all of ;
the CHRIS chemicals against criteria that were established. The application of

these criteria resulted in the identification of 330 floating hazardous

chenicais from the CHRIS list of chemicals.

A literature review was then conducted to identify state-of-the-art
techniques for the containment and recovery of the floating hazardous chemicals.
Of major concern during the review were those areas such as flammability and
toxicity reduction which would improve personnel safety. Through this review a
basis for analyzing the results of previous tests of spill control agents and

devices was possible.

Surfactant films, foams, and, to some extent, sorbents appear feasible for
reducing vaporization rates of floating hazardous chemicals. By reducing the
vaporization rate, these methods should also contribute to reducing the

flammability and toxicity hazards presented to spill response personnel.

One major point of concern for the addition of any substance to a spill is
that this addition will most likely result in more vaste material. Any
material added to a spill becomes at least partially contaminated and will
introduce an added liquid or solid disposal and cost problem. Personnel who
have handled hazardous floating chemical spills have indicated that, in many
instances, they would rather attempt containment and recovery of a spill without

the application of foams or other vapor pressure reducing saterials.

Surfactant films, in theory, have high promise for reducing flammability or

toxicity hazards associated with vapor pressure over a spill. These films, vhen
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applied in a mist or aerosol form, would form a thin uniform layer over the
surface of the spill, effectively decreasing the risk of vertical spread into the
atmosphere through evaporation. Fluorochemical surfacant foams vhich collapse

to form a thin cover over hydrocarbon liquids have been shown to reduce evapo-
ration rates by up to 90 to 98%. This technique has been shown to work best

on chemicals having a surface tension equal to or greater than 20 dyne/cm.

The application of surfactant films in the form of Aqueous Film Forming Foam
(AFFF) has been studied. This study showed that AFFF will follow the movement

of waves, a major concern when choosing a method of vapor rate reduction.

Hydraulic or pneumatic equipment could be used to apply the surfactant/water
solution over a spill surface. Since hazardous chemical spills are generally

small (in comparison to oil spills) hydraulic application would be most feasible.

To ensure that the vapor suppression provided by the generation of thin
films is maintained, the film should be removed with the hazardous chemical.
Weirs and skimmers should be compatible with this goal, but testing should be
conducted to determine the best method of removal while retaining the film

protection.

Another factor which could effect the choice of surfactant films is the
question of the introduction of environmental pollutants. Surfactant films,
being composed of fluorinated chemicals, may introduce an added burden upon the
ecosystem due to the inability of many organisms to bioclogically decompose
halogenated substances. Investigation into this question should also be

addressed.

Foams have demonstratad a proven effectiveness in controllirg the vapor
release from some volatile chemicals. Foams also tend to isolate spills from
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ignition sources and radiant energy. The availability of foams, the wider
applicability of newer foams, and on-going research and development help make
foams one of the more feasible means of lovering evaporation rates of floating

hazardous chemicals.

Extensive studies have been conducted to investigate the use of foams over a
variety of hazardous chemicals. As a result of this research, guidelines have
been developed which allow the determination of the cospatibility of foams with

the functional groupings of chemicals.

The major deficiency still inherent in the use of foams is the degradation
which occurrs when they are applied to chemicals with a dielectric constant
above 3. Further investigation and testing should be conducted in this area to

improve the applicability of foams to polar hazardous chemicals.

Due to the density of the material, low expansion foams perform better than
high expansion in rough weather. The higher density of low expansion foams
allows them to be delivered from a greater distance, a factor vhich may be of
benefit to cleanup personnel. When used as a means to reduce flammability
risks, it has been shown that volume expansions to foam ratios of less than 10:1

are most effective.

High expansion foams, while not performing as well under difficult environ-
mental conditions, have proven to be the most effective for maintaining the
vapor concentration over a spill less than TLV. This is due to the entrapaent
of the evaporating material in the bubbles of the foam. Although this absorp-
tion may result in a liquid-air gas mixture that may be hazardous, the flam-
mability risk can be reduced by blowing the foas with an inert gas during its

formation.
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For spills involving hydrocarbons or other chemicals with low water solu-
bilty, rapid sweeps of lov expansion foam over the spill from a nozzle represent
an effective application method. For polar solvents or other hydrophilic chemi-
cals, gently applying an alcohol type concentrate (ATC) foam or an AFFF/ATC
using an air-aspirating nozzle is recommended. This method of application

allows a slov buildup of the foam blanket.

Tests that have been conducted with foams in vave conditions have shown that
AFFF and ATC follow the movement of waves, vhereas fluoroprotein foams do not.
Further research should be conducted to establish vhat effect environmental
factors and solvation have on foams. Research should also be conducted to
deternine the layer-thickness of foam required to effectively reduce the vapor
concentration over the floating hazardous chemical and determine the best

methods for obtaining that thickness.

Due to the mechanisms involved for reducing the vaporization rate over a
floating hazardous chemical, foam stability and durability should be greater
than that provided by surfactant films. Foams should also be more durable
during recovery operations, providing more protection for response personnel.
Testing should be conducted to evaluate the best means of chemical removal when

a foam has been applied.

A large variety of sorbent materials have been developed for responses to
spills of petrochemicals. Recently, development of sorbents for application to

hazardous cheamicals has begun.

Sorbents reduce vaporization by th-. preferential vetting and absorption of

the hazardous material into a material with high surface area and activity.




Sorption is influenced by factors such as surface geometry, physical and chemi-
cal attraction, contact time, and the density ratio of sorbent/sorbate. By
judicious choice of sorbent, this response technique is applicable toward a
vide range of hazardous chemicals. Hazardous materials may be readily accumu-

lated and removed from the spill site.

The evaporation reduction capability and uncertainty as to the extent of
protection that sorbents provide are based upon the fact that, as a sorbent
becomes saturated, a larger surface area is provided for evaporatic .. Sorptive
capacity and buoyancy may be limiting, with the resultant overloading reducing
the effectiveness of the sorbent. Further testing should be conducted to
investigate methods of improving the buoyancy of effective sorbents and

improving the efficiency of their removal.

Encapsulation directly localizes the spill and its accompanying vapor
hazards. While being highly effective over small regions, the ability to apply
an encapsulation sembrane over a large area of open water could be extremely
difficult. Some plastics which may be used for encapsulation may dissolve when
exposed to high solvency chemicals. The ability to seal individual covers may

also prove difficult in an open wvater environment.

The application of solid or liquid carbon dioxide or nitrogen will
effectively reduce the vapor concentration over spill. The feasibility of
transporting the large storage vessels, and the resulting high cost, detract
from the use of cryogens. Another factor serving to reduce the feasibility of
this method is that the displacement of oxygen by the cryogens may present a

personnel hazard.
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Gelation has been demonstrated to reduce the vaporization rate by as much as
50%. While being effective to some extent as a vapor reduction measure, gela-
tions largest promise appears to be its application in helping to contain spills
in high current areas, as well as possibly serving as a base for foam applica-
tion. Further work involving the combined action of gels and foams may prove

useful.

Dilution augments the existing air movement available for removing hazardous
vapors over a spill. While this method may lower flammability hazards, it does
not reduce vapor concentrations below TLV. This technique requires the movement
of increased volumes of air with large blowers. Use of dilution would be

applicable only in sparsely populated areas.

Foams appear to be the most promising method for reducing vaporization and
vapor flammabilities of hazardous chemicals that float on water. Foams have
demonstrated their effectiveness in reducing the flammability hazards present
above a hazardous chemical. While not able to keep the vapor concentration
below TLV, foams may have some effectiveness in reducing the toxicity hazard

above a hazardous spill.

Factors which contribute to the selection of a containment or recovery
system or device include its effectiveness and efficicucy, its recovery rate of
the spill material, its safety features, its transportability to allow rapid
deployment, and the compatibility of the materials used to construct the

containment or recovery device with the spilled hazardous chemical.

None of the containment devices reviewed could function effectively in
choppy vater or in currents greater than about 4 knots. Extensive research has
been conducted to investigate the different modes of failure of these devices.
Based upon this research, it can be concluded that to be effective, barriers

V-7




should be erected to deflect the spilled material to a region of slower
currents and calmer water to allow adequate containment and recovery of the
hazardous chemical. Tc facilitate containment and recovery procedures in areas
not presenting nominal conditions, research should be conducted to investigate

the feasibilty of applying gels in combinatijon with containment configurations.

Most of the skimming devices which have been developed are meant to be used
with petrochemicals. The effectiveness of the devices that have been developed
for response to hazardous chemicals is greatly influenced by environmental
factors and the density of the hazardous chemical. To be effective, these
devices should nowinally be used in low current or calm waters. Some of the
devices reviewed were limited in their range of applicability to floating
hazardous chemicals. Work should be conducted to improve the effectiveness of

these devices in rough water and to extend their range of use.

A major factor to be considered in choosing a containment or removal device
is the compatibility of its material of construction with the hazardous chemical
agent. Many materials presently utilized in constructing spill response equipment
contain plasticizing agents. High solvency chemicals will quickly destroy the
effectiveness of such materials. By properly choosing construction materials
vhich are compatible vith the spill material, the lifetime of the equipment may
be extended, equipment failure may be reduced or prevented, and the release of
more chemicals into the environment may be prevented. This area should be more

thoroughly investigated.

Upon completion of the state-of-the-art review, the CHRIS chemicals were
placed into categories based on flammability and toxicity information accumu-
lated during the first part of this program. A discussion concerning two
methods of categorizing the floating CHRIS chemicals is presented in Appendix B.
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Using this classification method, spill mitigation technologies were investi-
gated to determine vhich technologies showed the greatest promise of being areas
in which further research would contribute significantly toward increasing spill

response effectiveness.

The review of state-of-the-art spill containment and recovery techniques,
vwhich have to date been directed primarily at crude oil spills, identified
several deficiencies in response procedures to spills of floatable chemicals.
The 315 floatable chemicals that were identified during the first part of the
program collectively present potential problems in chemical compatibility with
containment and recovery equipment and in the creation of a toxic or otherwvise
hazardous atmosphere near a spill. Data exist on the compati* ity of chemi-
cals and procedures for controlling vaporization of spilled chemicals, but a
comprehensive application of this data to floatable chemicals' spill control

procedures and equipment has not been done.

To arrive at a broad understanding of the appropriate response to spills of
hazardous floatable chemicals, a number of programs ranging from literature
revievs to laboratory, pilot, and field testing would be required. Considering
the large number of floatable chemicals of concern, and the variety of
environmental factors such as vind velocity, vave motion, temperature, etc.,
that can affect spill containment and clean-up, categorization of chemicals and
prioritization of factors affecting spill response would be an important aspect

of further work.
The following areas are proposed for further study:

1. Investigation of the compatibility of foams vith floating hazardous

chemicals;




2)

3)

4)

Investigation of environmental effects on the effectiveness of the use of

foams with floating hazardous chemicals;

Investigation of the compatibility of containsent and recovery device

construction materials with floating hazardous chemicals; and

Investigation of the effect of collection equipment operation on foam

protection.
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APPENDIX A
PHYSICAL-CHENICAL CHARACTERISTICS OF FLOATING CHRIS CEEMICALS
TABLE A-1. Floatability/Flamsability/Toxicity Characteristics
To properly assess the potential hazards and difficulties vhich could be
encountered in combating a hazardous floating chemical, it was necessary to
develop criteria to determine what constitutes a floating hazardous chemical.
Three major properties -- floatability, flammability, and toxicity -- were
determined as those that would factor significantly in assessing the risk
involved in attempting to mitigate a floating hazardous chemical spill. A
discussion of the criteria developed for determining the floatability, flam-
mability, and toxicity of the chemicals revieved for this study is presented in
the Approach section.
Floatability: The chemicals are noted as being floatable (yes) or floatable
Under various environmental conditions such as high salinity (yes*).

Flammability: The flammability data was based primarily on NFPA ratings
and secondarily on the material's respective flash point.

Noncombustible: Materials having an NFPA rating of 1 or 0 and/or
those having a flash point greater than 200F.

Combustible: Materials having an NFPA rating of 2 and/or those having
a flash point of 100-200F.

Flammable: Materials having an NFPA rating of 3 and/or having a flash
point of less than 100F.

Highly Flammable: Materials having an NFPA rating of 4.

Toxicity: Information obtained from Threshold Limit Values (TLV's) and
Short Term Exposure Limits (STEL's) vas given first priority in the ranking
process. The following criteria, which are based on regression analyses.
vere used as a guideline in the grouping.

Group TLV (pps) STEL (ppm)
Not Toxic 1000 $500
Slightly Toxic 100 130
Moderately Toxic 5 3
Highly Toxic 0.1 0.1
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Data from the OHM-TADS, LD-50's, and NFPA health codes were also
considered. In some instances, it vas necessary to assign a chemical
to a category based on limited toxicity information. In other cases,
contradictory data led to a grouping decision based on the more

conservative piece of information.
Not Toxic: Indicates that the material poses no health hazard.

Slightly Toxic: Indicates chemicals which on exposure would

cause irritation but only minor residual injury even without
medical treatment. Chemicals vwhich irritate, but do not destroy
tissue, and materials which require the use of canister-type gas

masks are included in this category.

Moderately Toxic: Indicates those materials which cause

temporary incapacitation or possible residual injury unless
prompt medical attention is given. Materials included in
this category require the use of protective respiratory

equipment with independent air supply.

Highly toxic: Indicates materials which on short exposure

could cause serious tesporary or residual damage (possibly death)
even vith prompt medical attention. Materials that are corrosive
to living tissue or toxic by skin adsorption, and materials
requiring protection from all bodily contact are included in

this category.
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TABLE A-2. Physical-Chemical Characteristics of Floating Hazardous Chemicals

The Specific Gravity of a solid or liquid is the ratio of the weight of the substance to the
weight of on equal volume of water at ¢ specified temperature.

The Dielectric Constant of a medium is defined by D in the Coulomb equation, F =
wherchfhefofceofmrocﬁonbommd\crgu,Gde',uparofedbya
distonce R.

Poigrity: Ailthough a molecule may be neutral and have no net charge, it can be
polarized resulting in a separation of charge within the molecule. Polarization may exist
permanently in o molecule or it may be induced by the approoch of another molecuie
which itself has a charge.

Surfoce Tension: Two fluids in contact exhibit various properties due to molecular
attroctions which appear to arise from a tension in the surfoce of separation. Generally,
the higher the surface tension of a substance, the more the substance odheres to itself.

Solubility Rating: There is g lack of uniformity in the literature concerning the method
of reporting water solubility. Numerical datc concerning woter solubility scarcely
oppears in the literoture. Based on awvailable quantitative and qualitative data, the
chemicals in this table are listed as immiscible (IM), slightly soiubie (SL), solublie (SO),
ond very soluble (YS) in water.
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TABLE A-3. Flammability Data for Floating Hazardous Chemicaols

NFPA Flommebility Rating: The National Fire Protection Associgtion (NFPA) ranks
chemical fiammability hazards on a scale of 0 to 4, with a rating of 4 being the greatest
flommability hazard and O the least hazard. The rating system is described in detail in
the Approach section.

Fiammable (Explosive) Limits: For vapors or gases which form flammabie mixtures with
air or oxygen, there will exist ¢ minimum concentration of vapor in gir or oxygen beiow
which propagation of flame does not occur on contact with @ source of ignition. For o
gas or vapor there also exists @ maximum percentage in air or oxygen above which the
propagation of a flame will not occur. These lower ond upper concentration percentages
are known as the Lower ond Upper Flammability Limit, respectively.

Vapor Pressure is the pressure exerted when a solid or liquid is in equilibrium with its
own vapor. The vapor pressure is g direct function of the substance ond the tempercture.

The flash point of a substance is the minimum temperature at which it gives off
sufficient vapor to form an ignitable mixture with the air near the surfoce of the liquid
or within the vesse! used. An ignitable mixture is a .nixture with g concentrarion
between the upper and lower flommable limits that is abie to propagate a flome away
from the source of ignition when ignited.
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