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EXECUTIVE SUMMARY

When ail is spilled in the marine environment, the traditional response has been to attempt to
contain it with floating booms and recover it with skimmers. For large spills, this approach has
seldom been very successful, in part due to the tremendous logistical difficultiesin storing and
handling the large volume of oil and water that istypically collected. Traditional recovery
techniques are also inherently slow relative to the speed at which oil can spread to cover vast
areas of the sea, and the speed at which the oil can move to threaten sensitive resources. In some
spill situations, burning the oil in place is aviable alternative and offers several significant
advantages over containment and recovery. Thistechnique is commonly referred to asin-situ
burning (ISB). The oil isfirst collected to create a burnable thickness and is then ignited using
special igniters that can be deployed from a helicopter or aboat. Burning oil generates a
tremendous amount of heat; specialized fire-resistant boom is required to containit. Trained
personnel and specialized equipment are required to perform the operation safely and effectively.

The main advantage of in-situ burning is the ability to quickly remove large amounts of oil from
the marine environment. Whileit is not the answer to every oil spill problem, in some offshore
spill scenarios 1SB can provide a more efficient and more effective alternative to mechanical
recovery by eliminating or greatly reducing the huge recovery, transport, disposal, and
decontamination efforts. In full-scale field tests, removal efficiencies greater than 95 percent
have been observed. Following aburn, arelatively inert residue remains that can usually be
recovered using conventional mechanical means.

An obvious drawback to ISB is the large smoke plume that is generated. In general, however,
the smoke plume is not a safety threat to the public nor to the environment because it has very
low toxicity and readily dissipates. The burn or no-burn issue is essentially atrade-off and, in
many situations, the environmental threats posed by the burning process will be much less than
leaving the oil on the water surface.

I SB has been seldom used during actual responses due to misinformation, lack of resources,
incompl ete plans, and health and safety concerns. This 1SB Operations Manual facilitates the
effective use of 1SB by spill response managers and operators in the offshore arena. It providesa
summary of the principles governing oil combustion and the products generated from an I1SB on
water. It does not address burning on shore, near shore or in ice-covered waters. The manual
consolidates all proven technologies, strategies, and knowledge. It does not delve into unproven
methods or prototype equipment that are undergoing tests or evaluations. A Decision Guideis
provided in Chapter 2 for quick assessments in determining if and how 1SB technology may be
used for aresponse operation. Chapters 3 through 6 and the appendices are provided to
supplement the Decision Guide chapter with supporting information and more operational
guidance when required. Facts are clearly defined and separated from the opinions of the
authors. Therisks and potential benefits of 1SB are also covered. The manual focuses on
organizations, procedures, and equipment that are required for ISB and readily available in the
United States and its territories.
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For ISB to be effective for agiven oil spill, it must be implemented quickly before the limited
window of opportunity closes. This duration of opportunity can be as small as several hours or
extend to several days depending upon the oil and the environmental conditions. Planning,
special equipment, and training specific to ISB must be in place before the spill. Regional
Response Teams (RRTs) and local governmental approval agencies are encouraged to be
involved in establishing pre-approved | SB zones to overcome some of these hurdles. This
manual addresses confidence issues and political considerations in the somewhat intimidating
fire-based response. This manual will alow the response community to take full advantage of
ISB technology as another tool in its arsenal for improved spill response. If used effectively, ISB
will serve to minimize environmental damage and human use impact resulting from large
offshore ail spills.
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1. INTRODUCTION

This In-Situ Burn Operations Manual is intended for use by the Federal On-Scene Coordinator
(FOSC), spill managers, responding field units, and contingency planners. It isa collection of
operational procedures, rules of thumb, and checklists that provide quick access to critical
information to assist responders in successfully conducting an effective and safe in-situ burning
(ISB) operation. Supporting information and references are also provided to assist with the
planning and decision-making processes. It isassumed that the user isfamiliar with basic oil
spill response procedures and equipment, and has a general understanding of spill response
organizations within the United States.

This manual addresses only I1SB of oil on open water in the offshore environment over three
nautical miles from land. It does not address burning on land, in rivers, in near-shore or ice-
covered waters. The manual focuses on organizations, procedures, and equipment that are
inherent or readily available in the United States and its territories.

The U.S. Coast Guard (USCG) presents this information for voluntary government and public
use. Itisnot asubstitute for training, qualified technical advice, and common sense. Since there
are complex issues associated with 1SB, personnel experienced in the technology should be
consulted, and well-trained staff should be on site. It isessential that |SB trained personnel be
on site to ensure an efficient and safe operation. This manual does not present USCG policy, and
neither the U.S. Government nor the authors shall be held liable for injury, loss, or damage
incurred by use of this manual. Mention of trade names of commercial products does not
constitute an endorsement or recommendation of their use by the U.S. Government or the
authors.

1.1 OBJECTIVE

The objective of this operations manual isto provide atool for operational commanders, field
units, and planning staffs to help them determine if and how ISB can be used for a given
scenario. The manual provides a user with the information and methods to determine quickly if
ISB is aviable response technique for their particular situation, and offersinsight into how to
conduct an effective burn operation. The manual addresses only proven strategies, tactics, and
equipment that have been successfully demonstrated during ISB and other spill exercises and
operations. It does not address unproven methods or prototype equipment that are undergoing
tests or evaluations.

1.2 BACKGROUND

When an oil spill occurs in the marine environment, many response technologies are available to
contain and remove the pollutant before serious environmental damage occurs. Although ISB
has been a proven option for spill response for many years, it has seldom been used for a variety
of reasons including the lack of resources, experience, and information. For ISB to be atruly
viable option, planning, special equipment and training specific to ISB must be in place before
the limited "window-of-opportunity" presents itself during a spill. Regional Response Teams

{PAGE }



(RRTs) and local governmental agencies can establish pre-approved | SB zones to overcome
some of these hurdles. Confidence issues in the somewhat intimidating fire-based response need
to be addressed. The resulting smoke plume is very visible and raises concerns about public
safety and the possible introduction of air pollutants. These information-based and
administrative stumbling blocks and I SB biases will be more easily overcome with the proper
use of this operations manual.

1.3 WHAT ISISB?

In-situ burning is the controlled burning of an oil spill on the water surface. Specialized fire-
resistant boom is required to contain the oil and thicken it for effective burning to occur
(Figure 1). Once contained, the oil isignited using an incendiary device deployed from a
helicopter or boat. Burning oil generates so much heat that a traditional containment boom will
melt and allow contained oil to escape, spread out and, therefore, stop burning.

To be effective, the burn must attain a steady state so most of the oil burns off. Thisrequires
several conditions to be met, some of which are controllable by the response team. Astime
progresses, the oil becomes more difficult to burn because water mixes with the oil
(emulsification) and volatile components are lost through evaporation. Consequently, the sooner
oil is contained, the easier it isto burnit.

Figure { SEQ Figure\* ARABIC}. ISB operation with fire-resistant boom.
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1.4 WHY CONSIDER ISB

ISB technology offers the following major benefits for superior response to large oil spillsin
open water:

e Efficient and quick removal of large volumes of oil from the marine environment
e Fewer logistic and personnel requirements than mechanical recovery methods

e Prevention of oil from affecting shorelines, where cleanup is slower and more costly, and
the environment is more fragile

e Useful in situations where other options are not feasible (e.g., when there istoo much oil
to remove from the water through mechanical means, and for spillsin very shallow
water.)

e More cost effective than most other remova methods

e Provision of another option if sufficient storage is not available to use mechanical
removal

In-situ burning (1SB) technology provides a cost-effective alternative to mechanical recovery by
eliminating or greatly reducing the huge recovery, transport, disposal, and decontamination
effort. Only asmall burn residue, approximately five percent or less of theinitia oil volume,
remains for removal. 1SB can aso quickly remove large volumes of oil from the water before it
reaches land compared to much slower mechanical recovery techniques with their associated
logistics difficulties. Dispersants may also provide this benefit in some situations and should
also be considered. Each technology has its benefits and liabilities. Thereisatime and aplace
for each response technology, and multiple strategies and tactics can be used effectively with
each other. More response choices available to the Federal on-scene coordinator (FOSC)
improve the probability of success for the spill response. 1SB isaviable, cost-effective strategy
that is feasible under certain scenarios and conditions. It isone of many tools available to
responders. This manua will help determine when ISB is appropriate and how to successfully
implement it.

1.5 MANUAL ORGANIZATION

The Decision Guide is provided in Chapter 2 for quick assessmentsin determining if and how

I SB technology may be used for the response operation at hand. Chapters 3 through 6 and the
Appendices are provided to supplement Chapter 2 with supporting information and more
operational guidance when required. The first two appendices are of particular importance to
assist with planning an | SB operation. Political and procedural considerations are provided in
more detail in Appendix A. Lessons learned at three USCG-sponsored | SB exercises off
Galveston, Texas are provided in Appendix B. First-time ISB technology users should review
the entire manual before the operation is planned and conducted, while the experienced user can
use Chapter 2 with occasional reference to the other chapters as required.
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Table 1, asummary of the manual, is provided to assist the user in quickly finding desired
information. When using an electronic version of this document, clicking on the blue hyperlinks
with the left mouse button will move the user directly to those sections. Hyperlinks are also
provided on the page numbers of the Table of Contents and Lists of Figures and Tables.

Table{ SEQ Table\* ARABIC}. Quick Reference Guide - Manual Organization. (Hyperlinks)
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2. DECISION GUIDE

This chapter isintended to serve as areference for experienced users in quickly assessing the
feasibility of burning and preparing for the burn. Detailed background information and
additional operational guidance on the decision-making process are contained in subsequent
chapters.

21 INFORMATION REQUIRED

In planning an |SB operation, there will be three main information requirements:

e Information required to determine burn feasibility and to secure approval
e Inventory of available equipment and personnel

e Information for prediction of health risks and environmental effects

2.1.1 Overall Checklistsfor Experienced Users
2.1.1.1 Pre-spill Planning List

Information requirements that should be addressed prior to a spill include:

e Familiarity with the ISB decision tool
¢ Influence of key variables
e Likely timewindowsfor key oils
e Equipment/personnel information:
> Locations

» Transportation times (loading, transit, and deployment requirements) for fire-resistant
boom, conventiona boom, ignition systems, and logistics platforms

» Contact information for smoke plume modeling, wesather forecasts, and approval
procedures

> Availability of qualified response personnel

2.1.1.2 Real-time Surveillance Objectives

Spill characterization for the feasibility determination, approvals process, operational plan, and
site safety plan require the following information:

e Spill size and nature of release

e Oil type

e Oil westhering

e Status of spill (terminated, ongoing)
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e Status of other response efforts

e Current and forecast weather and sea conditions
Potential areas for burn/no-burn zones are determined with the following information:

e Detailed characterization of slick (size, location, thickness)

e Spill location and proximity to potential affected coastal areas

2.1.1.3 Ongoing Information Requirements

Surveillance and feedback to the operational command on slick conditions regarding effective
containment and safety should include:

e Location of slicksfor containment

e Location of slicksto avoid to prevent unintentional fires

e Validation and feedback on burn/no-burn zones

e Location of fishing areas, shipping lanes, drilling rigs, pipelines, and other offshore

facilities

V_al idation of operational effectiveness, smoke plume predictions, and monitoring of unburned
o e Burnlocation

e Estimation of burn area and time period of burn(s)

e Monitoring of unburned or burning oil escaping containment area

2.2 DECISION PROCESSCHECKLISTSFLOWCHART

The process of deciding whether or not to use I SB for a given spill situation is summarized in
Figure 2. The flowchart is comprised of the five questions that must be answered affirmatively
to justify the use of 1SB for amarine oil spill. Sub-components for these five questions are
provided in the remainder of Chapter 2, and additional detail on each one is provided in Chapters
3 through 6.

221 Information Evaluation
2.2.1.1 Overview of Decision-making Process

The decision on whether or not I1SB is ajustifiable response alternative for a given spill will
center on the following issues:

Isit feasible to burn the oil ?

Can the necessary approvals be obtained?

Can the specialized equipment and qualified personnel be assembled to mount a
successful operation?

Are adverse health and environmental effects avoidable or, if not, can they be accepted?
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Each of these questions includes sub-components as well as an element of timeliness.

IsISB a
justifiable
response alternative?

l

Is1SB feasible
for this spill situation?
What is the time window?

Can approval for ISB
be secured?

Can the required resources
be delivered in time?

Can health risks and
environmental effects
be managed or tolerated?

A 4

Prepare
Operational Burn Plan

Figure 2. Flowchart of 1SB decision-making process.
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2.2.1.2 Determination of Time-Line

The success of an ISB operation will, in most cases, be arace against time for two main reasons.
Emulsification of the oil will make it difficult to ignite and burn, and spreading of the slick will
make it difficult to create a burnable thickness

One of theinitial tasksin the decision-making process will be an assessment of the likely time-
line for the burn. Thiswill involve a comparison of the following:

e Thetimeavailable for initiating a successful operation, taking into consideration the oil
condition, weather and sea conditions, time until nightfall, and proximity to shorelines or
threatened resources

e Thetimerequired to assemble and transport the resources needed to contain and ignite
the oil, implement a surveillance operation, and carry out any necessary measures to
mitigate health and environmental effects

2.2.2 Rationalefor 1SB

Responsible parties and responders may be reluctant to consider using I SB due to both the lack
of familiarity with the technique and safety issues. For the same reasons, regulatory agencies
may be reluctant to approve its use. A solid understanding of the reasons for using | SB will
overcome these obstacles during pre-spill planning and at the time of the spill.

In the past, the most commonly used technique for responding to large marine oil spills has been
containment and recovery. The main factor that should be emphasized is a realistic assessment
of the likely effectiveness of available alternatives: (1) ISB, (2) containment and recovery, and
(3) dispersant application for agiven spill situation. Specifically, which of the three options
provides the greater likelihood of success depends upon consideration of the following
conditions:

e Current and predicted oil volume and its condition

¢ Present and predicted weather and sea conditions

e Water depth and distance to shore

e Availability of equipment and personnel to carry out each alternative

In considering these factors, it is critical that the assessment be realistic as to its potential for
success in the event of changes in weather and equipment breakdowns. Perhaps the greatest
single advantage of ISB is that of speed: asignificant portion of the spill can beremovedina
short time, avoiding problemsin the response due to changing conditions.

2.2.2.1 1sISB Justified?

In most cases, the benefits of removing the oil from the water’ s surface greatly outweigh the
short-lived effects of the smoke and the localized effects of the burn residue, justifying burning
on environmental impact grounds. The main exception to this would be when slicks are close to
land, which would present arisk of creating secondary fires, and the possibility that a smoke
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plume would have adverse effects downwind in popul ated areas The environmental effects of
smoke, residue, and unburned oil are discussed in detail in Section 5.1.

2.2.2.2 Likdihood of Success

Evaluating the likelihood of success using 1SB will involve an assessment of:
e Feasibility of igniting the oil and sustaining combustion
e Likelihood of securing the required approvals
e Capability to assemble the required equipment and manpower in atimely manner

e Ability to manage the various risk factors

Tools and guidelines for assessing these factors are provided below.
2.2.3 Feasbility Decision Tool

This section provides a Decision Tool that summarizes the main effects of evaporation,
dispersion, emulsification, and weather on the feasibility of aburn. The charts provided are
intended as aids in making a rapid assessment of the feasibility of aburn. The process includes
five steps to evaluate oil conditions and predict the behavior of the oil. In Tables 3-5, green
represents a favorable condition for the given decision factor, yellow indicates a marginal
condition, and red indicates an unfavorable condition. The transition areas of the tables where
blocks change color within an oil group should be considered as a gradual change to adjacent
blocks.

Step 1: Characterizethe Oil.

Characterizing the oil and ng its condition are essential to the decision-making process.
The Qil Pollution Act of 1990 (OPA 90) regulations provide a classification scheme, shown in
Table 2, that divides oilsinto five major groups based on the American Petroleum Institute (API)
system of specific gravity.

Group V ails, having a specific gravity greater than fresh water, will either sink or be neutrally
buoyant, and will usually not be candidates for in-situ burning. If Group V isfound floating, the
Group IV oil characteristics can be used to approximate its burning properties.
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Table { SEQ Table\* ARABIC}. Oil types.

SPECIFIC
GROUP COMMON
NO * GRAVITY EXAMPLES CHARACTERISTICS
(API)
|** Generally Jet fuels, gasoline, light Very volatile and highly
<0.80 kerosenes (i.e., JP-8), gas | flammable
(Generally condensate High rates of evaporation &
> 45) dispersion
Rapid spreading rates
Little emulsification
[ <0.85 Diesdl fuels, No. 2 fud oil, | Moderate volatility
(> 35) light crudes (i.e., High Low to moderate viscosity
Island, Light Louisiana Can form stable emulsions after
Sweet, Northstar), heavy considerable evaporation
kerosenes (i.e., JP-5)
Il >0.85to Medium crudes (Arabian Moderate volatility
<0.95 light, Arabian heavy, Moderate viscosity
(350 17) Alaska North Slope, Drift | Can form stable emulsions
River, Carpinteria, West immediately or after some
Delta, etc.) evaporation
v >0.95t0< 1.0 | Heavy crudeoils(i.e., Moderate volatility
(17 to 10) Mandalay, Merey, Santa Moderate to high viscosity
Ynez), No. 6. fud ail, Can form stable emulsions
Bunker C immediately
\% >1.0 LAPIOs (i.e., bitumens) Very low volatility
(<10 heavier than fresh water Little evaporation

Weathers very slowly
Very low acute toxicity
Can form stable emulsions
immediately

* Groupings adapted from 33 CFR 155.1020.
** Group | oils are classified according to their volatility rather than their gravity and are deemed to be
non-persistent.

Step 2: Assess Evaporation and Dispersion.

Use the oil group number, wind speed, and time in hours since the spill occurred (including
forecast time for equipment to be deployed on-scene) to predict the feasibility of burning based

on evaporation and dispersion effects.
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Table{ SEQ Table\* ARABIC }. Evaporation and dispersion chart.

_ Wind Speed (knots)
Group | Time (hours) 0 5
36
‘ 30
| 24
18
12
6
36
30
I =
12
6
36
30
24
[l 18
12
6
36
30 Use
24 Flame
vV 18 Spreading
12 Promoters

6
Wind Speed (Knots) | 1 5 10 15
B Unfavorable [] Margina B Favorable

*Note: Group | oils should not be deliberately ignited due to safety concerns;
however, where accidental ignition occurs, safety and environmental impact issues
must be considered to determine if the burn should be allowed to continue. In some
cases, it may be appropriate to allow the ail to burn off.

Group | oils are not good candidates for burning because of the presence of volatile vapors and
the associated risk of flashback. Group | oils also evaporate and disperse so readily that 1SB
would generally not be warranted. Evaporation and dispersion effects will generally not be a
limiting factor for burning Group 11 and I11 oils within the first 36 hours. Except under relatively
calm conditions, Group IV oilswill be difficult to ignite and burn because their lack of volatile
components inhibits flame spreading. In low winds, it may be possible to burn these oils by
using combustion promoters to assist in flame spreading.

Step 3: Assess Emulsification.

The rate of emulsification will depend on the oil type, its degree of weathering, and the sea
conditions. Use Table 4, which summarizes these factors using the oil type, wind speed, and
time from the start of the spill to the start of the proposed burn.
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Table{ SEQ Table\* ARABIC }. Emulsification chart.

Wind Speed (knots) |
0 5

Group Time (hours) ||

36
30
24
18
12

6
36

‘ 30
Il Products | o4

(No. 2, diesel, 18
kerosene) 12
6

| Products

‘ 30
24

Il Crudes | 18
12
6
36
30
24

I 18
12
6
36
30
24
v 18
12
6

Wind Speed (Knots) 1 ) 10 15
B Unfavorable [ Margina B Favorable

Note that Group | oils are not listed because of the safety concerns described previously in Step
2. Group |1 refined products do not emulsify, but Group Il crudes may emulsify after 24 to 36
hours. Most crude oils (Group I11) readily emulsify once they have weathered, which means
there will be alimited time window of about 24 hours or less, depending on wind conditions.
Group IV oils are difficult to ignite once they have emulsified even moderately, making them
unburnable except for avery limited time under calm conditions.

Step 4: Assess Weather and Sea Conditions.

Ignition is difficult in high winds and rough sea conditions, which can preclude effective
containment of the oil (Table 5). Short-crested seas will affect containment much more than
long-period swells of the same wave height. It isimportant that the conditions be acceptable not
only at the start of the burn, but also for the estimated duration of the burn.
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Table{ SEQ Table\* ARABIC }. Weather effects.

Scale

B Uunfavorable [] Marginal [l Favorable
Step 5: Make Final Decision.

The four-step procedure described above is intended to simplify assessment of a wide range of
possible variables, and may not apply to every situation. When time permits, the National
Oceanic and Atmospheric Administration (NOAA) or other scientific advisors with accessto ail
weathering and smoke plume model s should be consulted before proceeding with ISB. The
smoke plume generated by ISB is usually the public’ s biggest concern and this should be
addressed from environmental impact, safety, and public perception perspectives. Plume
modeling efforts, however, should not delay a burn when it is executed a reasonable distance
(greater than 4 milesin most cases) from populated areas (see Section 5.3). In some situations
Type Il crude oil and refined products can be burned more than 36 hours after the initial spill.
Continuous and intermittent spills expand the window of opportunity for burning.

Use the results of the four-step procedure and consider the following: to make afinal decision:

o If most of the results were green and none were red, the conditions are favorable for | SB.

o If most of the results were yellow and none were red, conditions are marginal and |SB
should be considered if other conditions listed below are ideal.

o |f only Step Threeisred, try to get more information on the ail. If the oil is not listed in
Table 2, consult with the NOAA Scientific Support Coordinator (SSC) for wesathering
predictions.

o |f Step Two or Four arered, ISB is unlikely to be successful.
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Other conditions, addressed in this manual, should also be considered before proceeding with an
ISB. Theseinclude:

e Proximity of the burn site to populated areas, or to an ignitable spill source
e Safety and environmental impacts of the burn operation

e Night, heavy fog, or rain — These conditions could reduce visibility and make 1SB
unsafe; heavy rain may also prevent ignition

e Availability of ISB equipment, including ocean boom, fire-resistant boom, and ignition
equipment

e Availability of personnel with ISB training or experience

224 Approvals

The FOSC can approve use of 1SB under subpart J of the National Contingency Plan (NCP).

The concurrence of the U.S. Environmental Protection Agency (USEPA) representative on the
applicable RRT and the state(s) with jurisdiction over waters threatened by the discharge must be
obtained and the Department of Commerce (DOC) and the Department of the Interior (DOI)
natural resource trustees must be consulted. While the specific criteria used to establish such
zones might differ among regions, the general classification procedure is to identify:

e Pre-approved or pre-authorized areas - the FOSC is authorized to conduct | SB operations,
provided certain prescribed criteria are met

e Areasrequiring approval on a case-by-case basis

e Exclusion or restricted zones - areas where all SB activity is prohibited

2.24.1 Pre-approval Process

Because of the potential benefits that | SB offers and the need for prompt decisions, the NCP
specifically requires that Regiona Contingency Plans (RCPs) and Area Contingency Plans
(ACPs) include plans and procedures for the pre-authorized use of burning agents. They must
also address the specific contextsin which 1SB should be considered for use.

Most RRTs have established pre-approved or pre-authorized zones for |SB operations. The pre-
approved zones are usually described in Memoranda of Understanding (MOUS), Letters of
Agreement (LOAS), or other policy documents that have been prepared under the auspices of a
specific RRT and signed by representatives of the federal and state agencies with |SB decision
approval or concurrence authority. Because the criteria and protocols differ across the country,
the ACP for a particular port area should be consulted for specific direction.

While the specifics differ, most pre-approval agreements include the following elements:

o Affirm the FOSC's authority to use |SB or burning agents without additional approvals or
consultations, in order to prevent or substantially reduce the hazard to human life

¢ Require the FOSC to notify the RRT agencies of hig’her decision to use | SB as soon as
practicable
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Require use of recognized techniques, such as the use of afire-resistant boom to contain
and control the burn

Require adherence to health and safety requirements and thresholds during the burn

Require burning in accordance with Endangered Species Act consultations, and require
specific consultation if endangered species are seen in the burn area

Require air plume monitoring whenever populated areas may be affected
Require provisions for residue collection
Require a FOSC-arranged debriefing following an 1SB use

2.2.4.2 Case-by-case Approval

In those areas where | SB may be a viable response technique, but where significant concerns
exist that need to be addressed prior to the use of 1SB, approval must be obtained on a case-by-
case basis. An application addressing the concerns and containing specific information and
procedures must be prepared and submitted to the applicable RRT prior to approval being
granted.

2.2.4.2.1 Process Requirements

In order to gain approval quickly enough for ISB to be effective, an efficient processthat is
known and supported by all stakeholders must be in effect. Stepsin the process generally
include:

The FOSC contacts the proper agency representatives on the RRT and informs them that
areguest to use | SB may be forthcoming

The Incident Command System/Unified Command (ICS/UC) Planning Section
investigates the viability of 1SB, gathers the necessary information, and completes the
appropriate | SB application

If the FOSC decides that arequest for ISB is appropriate, the completed application is
submitted and a conference call with necessary RRT representatives is scheduled at the
first reasonabl e opportunity

A conference call or meeting is conducted, and a decision is made on whether or not to
proceed with 1SB based on information provided on the FOSC' s application and any
other sources requested by the RRT

The ICS/UC Operations Section commences | SB operations if authorization is granted

2.2.4.2.2 Information Needs

Application information requirements and formats differ among federal regions, but the
information requirements usually consist of the following:

Spill data
Wesather and water conditions at time and location of spill
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e Proposed burn plan (including a monitoring plan and site safety and health plan)
e Weather and water condition forecast from time of spill

e Predicted oil behavior

e Resources at risk

e FOSC'sevaluation of response options

e FOSC'srecommendation regarding | SB

The applicable ACP should be consulted for the specific I1SB requirements and application
procedures.

2.2.4.2.3 Timerequired for Approval Process

The decision to burn should be made within the first several hours following the spill to permit
sufficient time to acquire approvals and assemble the personnel and equipment necessary to
conduct aburn. If ISB isto be successful, it must typically be undertaken within a small window
of opportunity following the release of oil. The window of opportunity for a burn may be less
than 24 hours in some cases.

2.25 Resources

The required resources for burning can be considered in four main categories:

e Primary equipment for containing the oil for burning, and igniting the slick
e Platformsto deliver the equipment to the site, and deploy it once there
e Equipment to ensure safe operations

e Trained personnel to perform all required operations

2.25.1 Primary Equipment for In-Situ Burning

The following primary equipment should be available for an | SB operation:

e Fire-resistant boom (typical length of 500 feet per unit)
e Towing gear (non-metallic tow lines, 200 to 500 feet at each end of the boom)
e Ancillary gear (pumps, hoses, filters, etc.) if applicable for actively cooled boom
e Conventional boom for multiple task-force operation (up to 1000 feet per unit)
e Ignition system (Heli-torch, fuel and gelling agent)
e Handheld igniters as backup to Heli-torch or for small spills
2.2.5.2 Logistics- Vesselsand Aircraft

Adequate vessels and aircraft should be made available to support the following functions
required for an | SB operation.
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e Vessls:

» Boom Towing in U- or V-configuration (two vessels capable of sustained speeds of
0.5 to 0.75 knots and deck space corresponding to boom requirements)

Boom/Skimmer Deployment (if applicable for residue recovery; crane for skimmer)
Observation (possible communications center for operation)
Safety (equipped with fire monitors)

YV V V V

Heli-torch support (if applicable; requires helicopter deck, deck-space for fuel
mixing)

e Aircraft:
> Heéli-torch operations (helicopter, pilot certified for Heli-torch operations)
> Spotter aircraft (define burn areas and safety zones, ongoing slick surveillance)

» Monitoring (assessment of burn operation)

2.2.5.3 Safety Equipment

Safety equipment is essential to an I1SB. The following items in sufficient quantity must be
available to support an 1SB operation:

e Persona protective equipment (PPE) for boom-handling (neoprene gloves, rubber boots,
and goggles)

e Heli-torch fuel mixing (goggles, filter masks, gloves, and grounding devices)

e Combustible gas detectors (to confirm safe atmosphere on vessels before ignition)
e Fire-fighting packages (on each vessel involved in operation)

e 150-Ib CO,fire extinguisher (on vessel or at landing pad for Heli-torch operations)
e Spill cleanup kit (for fuel spills related to Heli-torch fuel mixing)

e Decontamination materials (wipes, cleaners, washer, plastic bags, boom, etc.)

2.2.5.4 Personnel Requirements

Personnel must be assigned to the following platforms and sites to maintain multiple shifts, as
required:

¢ Incident Command Post

e Towing vessels

e Command/observation vessel

e Fire-control vessel

e Safety zone vessel(s)

e Burn residue recovery vessel (if required)
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e Heli-torch preparation site (three-person ground crew)

e Ignition and observation of aircraft (including Heli-torch, spotter and monitoring; pilot,
co-pilot and observer/spotter as applicable)

e Decontamination vessel (aboard towing/recovery vessels and site(s) for ship/boom
decontamination)

e Specia Monitoring of Applied Response Technologies (SMART) team(s) (if prescribed)
226 Risk

Risk of human safety and environmental impact must be evaluated and managed to safely
accomplish the spill response effectively with the limited resources available. This section
provides guidance for the Incident Command Post (ICP) and task force(s) for evaluating and
managing risk before and during a burn.

2.2.6.1 Risk Management Approach

An overall assessment of the risk should be made to determine if the operation iswarranted Itis
important to continually understand and manage the key risk factors of an ISB operation. The
risk factors and conditions affecting them must be identified and monitored before and
throughout the operation so that changing risk conditions are identified and addressed

appropriately.

| SB operations occur at afast pace, and there is seldom time to perform formal, detailed risk
assessments during operations; however, several factors can significantly increase risk exposure
during operations, including the following:

e Complacency during operations
e Failure to account for differences between routine operations and unique operations

e Changing conditions or situations, such as weather, threats, equipment failure, crew
fatigue, etc.

One USCG risk management approach would be to apply tactical Operational Risk Management
(ORM) concepts to help manage these operational risks (see COMDTINST 3500.3 on ORM for
details, Reference Internet link under USCG).

2.2.6.2 Evaluation and Control of Risks

The key risks to be evaluated before and during 1SB are:
e Accident during Heli-torch mixing process
e Flashback during ignition
e Risk of secondary or unintentional fires
e Heat from thefire

e Exposure to smoke emissions
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e Ability to extinguish an I1SB when desired

Some measure of control over the burn area and burn rate is possible, but it may be difficult, if
not impossible, to quickly extinguish alarge oil fire on the water. The overriding safety
philosophy in preparing for alarge-scale burn operation isto assumethat oncethedlick is
ignited it cannot be put out until it burnsitself out.

The next two sections identify recommended tasks to be completed before and during the 1 SB.

2.2.6.2.1 Pre-burn Tasks

Prepare the Site Safety Plan (SSP), and fully brief al participantsinvolved in the
operation at the start of each day (Sample SSP available at NRT web site link)

Define safety zone areas: areas which the burn operation must avoid and areas in which
the burn can proceed

Identify and chart the location of the spill source, other ignitable slicks, other response or
evacuation efforts, shorelines, sensitive resources, and human habitation

Estimate the path of the smoke plume in relation to shorelines, sensitive resources, and
human habitation

Monitor for combustible atmosphere on vessels before ignition

2.2.6.2.2 During Burn Tasks

Monitor the burn location in relation to other ignitable slicks
Control the direction of towed operations in relation to the position of other vessel traffic
Maintain safe distances between vessels, drilling rigs, and other response operations

Provide feedback for operational control (adjustments to course, tow speed, or
recommendation to extinguish the burn)

Monitor emissions (confirming predicted plume trgjectory and emissions levels)

Monitor slicks that have escaped the boom (burning or not)

2.2.6.3 Mitigative Measures

The following mitigative measures should be completed before beginning the | SB:

Establish safety zone(s) (consider safe distances, risk of secondary fires, exposure to
smoke)

Develop the Communications Plan with redundancy (assign frequencies to facilitate work
group and command communication in accordance with the ICS chain of command)

Establish safe working practices for vessel operations, igniter operations, and fire control

Provide dedicated fire-extinguishing and safety tow capability to rescue vesselsin
distress
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2.2.7 Operation Plan
2.2.7.1 Command Structure

The command structure for the resources engaged in | SB operations should be clearly laid out in
the Incident Action Plan (IAP). The AP developed and approved for the operational period in
which the ISB operations are to be conducted, and may be incorporated into the Operation (or
Burn) Plan specifically developed to address |SB operations. |f a separate document, the
Operation Plan should be clearly referenced in the applicable IAP. Sample IAPsfor ISB
operations and exercises are available at the USCG Research and Development (R& D) Center
web site in the Internet Reference section. Section 6.1 addresses organizational considerations
and the command structure in more detail.

2.2.7.2 Surveillance

The surveillance plan must address two main elements; fire-burn decision-making information
requirements and monitoring during the burn.

Initial surveillance reports determine the spill characteristics required for making ajustifiable
decision to burn, and for gaining approval for the burn. Subsequent detailed mapping of the slick
isrequired to establish burn/no-burn zones, and to assist in devel oping the containment strategy.

During the burn, surveillance is required to assess slick conditions on an ongoing basis and, in
particular, to monitor for the presence of thick slicksin the vicinity of the burn. Surveillanceis
also used to confirm predicted trajectories of the smoke plume and of any unburned oil.
Section 4.4 provides detailed information on the aircraft requirements for surveillance.

2.2.7.3 Safety

The Site Safety Plan (SSP) and the establishment of a safety zone must address the four key risks
and associated mitigative measuresin Table 6. Chapter 5 provides detailed information on safety
and risk. Preparation of an SSP is addressed in Section 5.2.1.

Table{ SEQ Table\* ARABIC}. Key ISB risks and mitigative measures.

Key Risks Mitigative M easures

Flashback during ignition Combustible atmosphere monitoring on vessels prior to ignition; do not
ignite if a combustible atmosphere is present

Risk of secondary or Monitor for burnable dlick thickness in the vicinity of the burn; direct task
unintentional fires force(s) accordingly

Heat from thefire Maintain safe distances from the fire for all vessels and personnel
Exposure to smoke Position vessels and direct aircraft to avoid the anticipated smoke plume
emissions

Ability to extinguish fire Plan, but assume the fire will not be extinguishable until it burns out.

Release oil from the boom and have a vessel with long-range fire
monitors to assist the break up of the burning slick
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2.2.7.4 Containment

Theinitia critical decisions that must be made for a containment/burning strategy are whether
to:

e Contain and burn near or away from the present location of the spill
e Contain and burn in a continuous or batch mode

e Usesingle or multiple containment systems to provide thickened oil for burning

Depending on the strategy selected, both fire-resistant and conventional booms may be required.
Ancillary equipment requirements include adequate towlines, towing bridles and, in the case of
actively cooled booms, pumping systems to furnish a continuous supply of water to the boom.

The operational plan should consider the need to periodically inspect, repair, or replace all or
part of the fire-resistant boom to determine if the effects of the fire have degraded it. This will
depend on the type of boom used, the size of the spill, and the intensity and duration of the burn.
Options for slick containment are addressed in Sections 6.5 and 6.8, with various burning
containment strategies presented in Section 6.7.

2.2.7.5 Ignition

The main method of glick ignition will be the use of the Heli-torch system, especidly if the ail is
difficult toignite. A small handheld igniter or ad-hoc ignition device can be used if the ail is
relatively fresh.

An area must be designated for mixing the gelled fuel for the Heli-torch. Additional safety
practices for fuel mixing and handling of the Heli-torch when it is accomplished aboard a vessel
are specified in Section 5.2.3.5.

For large-scale and multiple-burn operations, supplemental fuel drums should be prepared at the
fuel mixing/staging operation areato allow rapid turn-around of the Heli-torch for multiple
ignitions.

For highly weathered oils and emulsions that are difficult to ignite, the Operations Plan should
include the use of ignition promoters, such as emulsion breakers or distillate fuels, to facilitate
effective ignition.

2.2.7.6 Control/Extinction

Some control can be exercised over the size of the burn area, and hence the burning rate, by
varying the sweep width and speed of advance of the containment system. Releasing one end of
the towed boom, and advancing at a speed in excess of one knot, are two methods that have been
proposed to extinguish a burning oil slick, but neither method has been attempted in field use.
Extinguishment may not be immediate as it depends on the thickness of the contained slick and
the size of thefire.
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Depending on the size of the operation, a vessel with fire monitors should be able to assist a
vessel with an accidental fire on board or atow vessel experiencing difficulties. Fire monitors
would not likely be effective at extinguishing alarge ail fire on the water, but may be useful in
herding it away from a stricken vessel or the spill source.

2.2.7.7 Residue Recovery

Depending on the amount of unburned ail, plans for oil recovery could include the use of
skimmers. Recovery of solidified burn residue would likely require manual techniques, such as
the use of pitchforks, rakes, and sorbent materials from small boats. Safety gear,
decontamination materials, and appropriate storage containers are required. Guidance on
equipment selection for recovery isincluded in Section 4.5.

2.2.7.8 Monitoring

In some instances, when there is concern that human populations could be affected by smoke
from 1SB, a smoke-monitoring program may be implemented (Note that thisis not aregulatory
requirement). Particulate monitoring would be done upwind of locations that are potentially
affected, and the results would be communicated to the ICP as needed. Details are provided in
Section 5.4.

2.2.7.9 Evaluation of Effectiveness

The most accurate method for estimating burn effectivenessis to record burn times and burn
areas, and to use the simple rules of thumb for the burn rate of the oil (Sections 3.2.4 and 6.9.1)
to calculate an estimated burn volume. Video or still photographs of the burn are helpful in
estimating burn effectiveness. Estimates of encounter rates, thickness, and coverage can be used
to confirm the above cal culation method, but with reduced accuracy due to the difficulty of
estimating slick thickness.
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3. FEASIBILITY CONSIDERATIONS

A number of factors should be considered when evaluating the feasibility of 1ISB. This chapter
describes the considerations that are used in the Chapter 2 Decision Guide in more depth.

3.1 SOURCE CONDITIONS
3.1.1 Location

The following location criteria must be satisfied in order to consider the use of 1SB:

e Offshore beyond 3 nautical miles (burning within 3 nautical miles usually is not
permitted in the U.S.))

e Closeto stockpiles of fire-resistant boom and other essential response resources
e Inanareawhere aburnisenvironmentally sound:
» Pre-approved | SB area or aregion where adecision will be timely

» Away from facilities and environmental resources that may be at risk from a burn, ail
or burn residue that may escape

» Safe distance from populated areas
3.1.2 Ignited vs. Unignited

If the oil isaready burning, a decision must be made on whether or not to allow it to continue to
burn. The decision is based on many factors, but the safety of the response personnel and the
health of the public in the vicinity are the major issues. Fire-resistant boom may be used to keep
the fire from spreading, and to concentrate the oil for more efficient burning. Self-ignited oil
fires do not require administrative burn approval by local and federal authorities. Unignited oil
spills, however, require a standardized approach to determine the feasibility of conducting a
controlled burn.

3.1.3 Volume/Flow Rate

In general, the most reliable way to get accurate oil volume and flow rate information isto
communicate with personnel familiar with the spill source. If available, avessel's crew will have
the best idea of the amount of oil lost and leaking out based on the oil levels in breached tanks or
holds, and the pre-damaged volumes they held. The volume of oil in atank that will leak out can
be calculated based on the location of the breach, the initial levels, the tank dimensions and the
exterior water level at the side of the damaged tank/hold. Oil will continue to leak out of a vessel
until it reaches either the bottom of the breach opening or the exterior water level, whichever
occursfirst. Experienced personnel familiar with the source may be able to visually estimate
flow rates from vessels, oilrigs, and pipelines. Qil thicknessis very difficult to estimate, but
there are several rules of thumb that are useful in determining thickness. Figure 3 can be used to
visually estimate oil thickness and volume.
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Figure 3. Aeria Oil Slick Thickness and Volume Estimator

3.2 OIL PROPERTIES/CONDITIONS

Oil properties and changing slick conditions are factors determining if 1SB technology can be
used and for how long it will be an effective approach. Over time, oil will weather and become
more difficult to ignite and burn. It will also spread out and be transported by currents and wind.
As oil properties and spill conditions change, different equipment and strategies may be more
effective. Asseen in arepresentative offshore spill-fates prediction model, Figure 4, over 30
percent of a medium crude oil spill evaporated within 55 hours. Under this scenario, 10,000
barrels of oil was spilled over a 48-hour period from an offshore oil rig 40 miles from shore with
variable onshore winds from 15 to 25 knots. After 48 hours, the spill extended more than 40
miles and was close to landfall, making containment and removal by any method very difficult.
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Figure 4. Offshore Oil Spill Weathering Prediction (OILMAP™ Fates Model)
(Note: OILMAP™ is atrademark of an oil spill trajectory and fates model produced by Applied
Science Associates (ASA) of Narragansett, RI.)

3.2.1 Combustible Nature

Depending on their chemical makeup, some oils are more combustible than others. The lighter
hydrocarbons are more combustible than the other components in oil, and they are the first
components to evaporate. Asthe oil emulsifies over time, the water content increases, making it
more difficult and eventually impossible to ignite and to sustain a burn.

Flash Point of fuel isused as an indicator of a potential fire hazard and as a general indicator of
combustibility. Thisis the temperature to which the fuel must be heated to produce a vapor/air
mixture above the liquid fuel which isignitable when, under specified test conditions, it is
exposed to an open flame. The lower the flash point, the easier it isto ignite the oil and the more
readily flames will spread to cover the entire dick. Asoil weathers over time, its flash point
temperature increases.

Flash point is an extremely important factor in relation to the safety of spill cleanup operations.
Gasoline and other light fuels can be easily ignited and the flames will spread very rapidly under
most ambient conditions; therefore, they pose a serious hazard when spilled. Many freshly
spilled crude oils aso have low flash points until the lighter components have evaporated or
dispersed. Thisiswhy extreme care is needed when igniting light fresh oils.
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3.2.2 Other Oil Characteristics

Pour point of the dilsis an indication, not an exact measure, of the temperature at which flow
ceases. Viscosity isameasure of afluid's resistance to flow; the lower the viscosity of afluid,
the more easily it flows. Astemperature decreases, viscosity increases. The higher the viscosity,
the slower the fluid will spread out on the surface of the water after the spill. Highly viscous
emulsified oils and burn residue are difficult to skim, pump, and transport/unload. Water-in-oil
emulsions are highly viscous and non-Newtonian fluids, the viscosity of which will decrease to
some extent when pumped. There are many different standards of viscosity measurement. A
standard which is familiar and which provides practical reference points should be used.

Density is defined as the mass per unit volume of a substance. It is most often reported for oils
in units of gram per milliliter (g/mL) or grams per cubic centimeter (g/cm®). Density is
temperature dependent, decreasing dightly with increasing temperature. Oil will float on water
if the dengity of the oil islessthan that of the water. Almost all fresh crude oils, and most fuel
oils, will float on both salt and fresh water. Bitumens and certain residual fuel oils may have
densities greater than 1.0 g/mL, and their tendency to float will vary depending on the salinity
and temperature of the water. The density of spilled oil will also increase with time, as the more
volatile (less dense) components are lost. After considerable evaporation, the density of some
crude oils may increase enough for the oils to sink below the water surface. The burn residue
will be denser than the original oil mixture, and may have atendency to sink in some cases.

Two measures of density are commonly used: specific gravity and American Petroleum Institute
(API) gravity. Specific gravity (or relative density) isthe ratio, at a specified temperature, of the
oil density to the density of pure water. Fresh water at 4 °C has a specific gravity of 1.0. The
API gravity scale arbitrarily assigns an API gravity of 10 to pure water. Oilswith low densities,
and hence low specific gravities, have high API gravities. Seawater has a specific gravity of
approximately 1.027, so oil will be more buoyant in seawater than in freshwater.

3.2.3 Oil Weathering Effectson Ignition/Burning

Oil weathering processes do not affect the ignition and burning of most light and medium
distilled oil products, such as diesel, No. 2 fuel oil, kerosene, and jet fuels. Heavier, residual fuel
oil and crude oil dlicks become more difficult to ignite and burn efficiently as time progresses.
Thisis due to both the evaporation of the volatile components, which curtails the rate at which
flames spread across the surface of the dlick, and the formation of stable water-in-oil emulsions,
which prevents ignition of the slick.

3.2.3.1 Emulsification

The formation of a stable water-in-oil emulsion in aslick will reduce the window of opportunity
for ISB. The presence of acritical amount of water in the oil prevents the slick in contact with
the ignition source from catching fire. Most light and medium distilled products will not form
stable emulsions; however, many heavier fuel oils and most crude oils will.

The point at which a slick becomes unignitable due to emulsification is afunction of 