3

V.

For the best experience, open this PDF portfolio in
Acrobat 9 or Adobe Reader 9, or later.

Get Adobe Reader Now!



http://www.adobe.com/go/reader


E-Packet Contents for Presentation on Resolution on Heavy Oil Sands

Maine State Oil Spill Prevention, Clean-up & Countermeasures (SPCC) guidance
Oil sands product info sheet from Center for Spills in the Environment
Crude oil pipelines in your community brochure from PMPL
Maine DEP report on resources at risk from oil sands transportation
Response Technologies for oil sands products report on Kalamazoo River spill
Characteristics of oil sands products from Center for Spills in the Environment
Identifying safety issues with diluted bitumen pipelines — NRDC report
Imperial Oil fact & safety sheet on diluted bitumen
ConocoPhillips fact & safety sheet on synthetic bitumen (light crude)

. UMaine Source Water Protection study

. Raymond Greenprint map of wetlands, aquifers showing pumping station

. Options for minimizing freshwater spill impacts, NOAA & American Petroleum Institute
report

. Healthy Waters Coalition fact sheet

LN R WDNE

[
N B O

=
w






.

oy

OIL SPCC PLAN
GUIDANCE DOCUMENT

For

Aboveground Storage Tank
Faclilities

Maine Department of Environmental Protection
October, 2012

The following information was prepared to assist owners and operators of Maine
facilities that may require a Spill Prevention Control and Countermeasure (SPCC)
Plan. Facilities specifically included in the information presented here are Retail

Motor Fuel Facilities and small marketing Bulk Plants that have aboveground oil
storage tanks (ASTS).
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|. QUICK GUIDE TO SPCC PLANS

Most facilities in Maine that store oil (petroleum products) in aboveground storage tanks
(ASTSs) are required to have what is known as an SPCC Plan — a Spill Prevention, Control
and Countermeasure Plan. “Oil" as defined under federal regulations includes petroleum
oils such as gasoline, diesel, kerosene and heating oil, as well as non petroleum oils such
as animal and vegetable oils, synthetic oils, and mineral oils.

» The requirements for SPCC Plans are in federal Environmental Protection Agency
(EPA) regulations, 40 CFR 112 plan is generally required for any facility with
more than 1,320 gallons of aboveground oil storage capacity. The Maine DEP
enforces compliance with the federal regulations for such facilities in Maine that
market or distributes oil to others.

» If a plan is required for a facility, it is the responsibility of the owner or operator
to provide a plan. The plan can be drafted by the owner or operator, or by a
professional preparer. If the facility has greater than 10,000 gallons of oil storage
capacity, the plan must be certified by a registered Professional Engineer.

» Owners or operators of facilities with 10,000 gallons or less of aboveground
storage capacity may self-certify their SPCC Plan provided the facility meets the
following criteria:

0 Has an aggregate aboveground storage capacity of 10,000 gallons or less

o0 Has had no single discharge exceeding 1,000 gallons or no two discharges
each exceeding 42 gallons to navigable waters within any twelve month
period in the three years prior to the SPCC Plan self-certification date, and

0 The SPCC Plan must comply with the requirements of sections 112.7 and
112.8 of 40 CFR Part 112.

* Plans must contain a variety of required information. The following is an
overview:

o Certifications — Facility ownership or management must attest to their
commitment to provide the resources needed to implement the plan. A
certifying engineer (PE) attests to the adequacy of the plan and its
conformance with SPCC regulations.

o Facility Description — Oil storage, handling, process/piping and security
features.

o Discharge Predictions — Where will oil flow if a primary containment
(tank or piping) fails?

0 Release Prevention — Description of secondary containment features, and
on-site spill response materials.
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o Spill Response — Procedures and contacts for spill response, cleanup and
reporting.

o Training and Inspection — Documentation of procedures used.

» SPCC Plan regulations include numerous requirements affecting the design,
construction and operation of oil facilities. These requirements should be taken
together with other applicable codes and standards in the management of oil
facilities.

II. OVERVIEW OF REGULATIONS

I ntroduction

Certain facilities handling petroleum products (oil) are required to prepare and use a Spill
Prevention Control and Countermeasure (SPCC) Plan. Plans are required by federal
regulations 40 CFR 112, under the Clean Water Act (CWA). “Oil" as defined under
federal regulations includes petroleum oils such as gasoline, diesel, kerosene and heating
oil, as well as non petroleum oils such as animal and vegetable oils, synthetic oils, and
mineral oils.

Legislation enacted in Maine in 2002 (Title 38 Section 570(k)) authorizes the Maine
Department of Environmental Protection (DEP) to enforce compliance with federal SPCC
regulations for AST facilities that market or distribute oil to others. The law also requires
DEP to provide educational and technical materials for use by regulated facilities.

Other codes and regulations — federal, state and local — affect the design, construction and
operation of facilities that are required to have SPCC Plans.

Does your facility need an SPCC Plan?
Federal SPCC regulations require an SPCC Plan to be implemented for a facility if:

» the facility could reasonably be expected to discharge oil into navigable waters of
the U.S. or adjoining shorelines,

AND one of the following conditions is met:
» the facility has more than 1,320 gallons capacity of aboveground storage,
OR

» the facility has more than 42,000 gallons capacity of underground storage, and the
underground storage tanks (USTs) are not subject to federal UST regulations (40
CFR 280 or 281). All USTs in Maine are covered by the federal UST regulations.

Any location within Maine can be assumed to meet the first requirement. The
aboveground storage threshold is no longer triggered by a single container exceeding 660
Maine DEP SPCC Guidance Doc Oct-2012
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gallons, and containers less than 55 gallons are not counted toward the 1,320 gallon
facility capacity. Most UST facilities are now exempt from SPCC requirements, including
all Maine facilities that have only USTs. However, when a plan is required based on
aboveground storage capacity, the plan must note the existence of any USTs in the site
plan.

Additional information on the federal SPCC rule can be found on the EPA SPCC web
site at: http://www.epa.gov/emergencies/content/spcc/indax.ht

What does the SPCC regulation require?

If you determine that the federal SPCC regulations are applicable to your facility, there
are many ways in which the regulation will affect you. The following information will
give an overview of the requirements, and suggest some strategies for complying with
them.

Ideally, the design and construction of petroleum facilities should take SPCC
requirements into account. Most recent facilities do so, but many facilities were built
before the regulations existed. In those cases there is no "grandfather clause.”" The
regulations apply to old and new facilities alike.

The regulations also affect operations, maintenance, security and inspection of oil
facilities. There are also training and recordkeeping requirements, and reporting
requirements in the event of a spill.

The Maine law is designed to promote compliance with the federal regulations. It does
not contain any additional technical requirements for the facility owner/operator. It does
give DEP the authority to inspect facilities and their SPCC plans. If the department
believes that a facility's plan does not satisfy the federal requirements, the department
shall request an opinion from the United States Environmental Protection Agency as to
the legal adequacy of the plan and any amendment necessary to bring the facility into
compliance with the federal requirements.

In addition to the federal SPCC regulations and Maine law, there are a variety of other
regulations and standards that may apply, depending on the nature of your facility.

What isthe deadline for complying with the SPCC regulation?

On October 7, 2010, EPA maintained the November 10, 2010, compliance date for
drilling, production or workover facilities that are offshore or that have an offshore
component, and for onshore facilities required to have and submit Facility Response
Plans (FRPs). However, EPA extended the compliance date an additional year for all
other facilities to amend or develop a SPCC Plan until November 10, 4.1
amendments do not remove the regulatory requirement for owners or operators of
facilities in operation before August 16, 2002 maintain and continue implementing an
SPCC Plan in accordance with the SPCC regulations then in effect. Such facilities
continue to be required to maintain Plans during the interim until the applicable
compliance date for amending and implementing the amended Plans.
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Summary of Regulations. The following table gives an outline of many of the
regulations, rules and laws that apply to retail motor fuel and small oil distribution AST

facilities in Maine.

Underground Storag
Tanks
40 CFR 280 & 281

> underground piping

for UST systems. Maine has an accepted state progra

Agency/ Regulation Highlighted Requirements

Regulation Applies to

US EPA AST Facilities An SPCC Plan is required for certain facilities.

40 CFR 112 Requirements are included that affect all aspects of thi
facility, including: design and construction (new or
modifications); operation and maintenance; training,
inspection and spill response.

US EPA, Office of || USTs and Regulations establish minimum requirements nationwigle

m.

ME DEP
38 MRSA § 570-
K(®)

AST Facilities

This revision to the statutes reinforces federal SPCC

requirements for facilities marketing or distributing oil o

others.

ME DEP
38 MRSA § 570-
K(2) & (3)

ME DEP
38 MRSA § 563(10)

Underground piping
at all AST facilities

Underground piping
at motor fuel AST
facilities

New and replacement underground piping systems at
facilities after June 24, 1991 must meet the same
requirements as underground piping at UST facilities.
Bare steel underground piping is prohibited at all AST
facilities.

Requires motor fuel AST facilities with underground

AST

piping to register with the DEP, submit annual inspectipn

reports of their underground piping, and retrofit piping
systems as needed to meet the DEP’s current standa
piping leak detection. Refer to the statute for deadling
dates.

is for

ME DEP Chapter
691, Rules for

Underground Oil
Storage Facilities

ME DEP Chapter
692, Siting of Ol
Storage Facilities

USTs and
underground piping
(including at AST
facilities)

Siting of UST and
AST facilities near
drinking water

Establishes requirements for secondary containment gnd

leak detection for new and replacement piping
installations. Annual facility inspections are required.

Protect drinking water resources from oil contaminatio
by controlling the location of new oil storage facilities

=

ME Fire Marshal
Dept. of Public
Safety, Chapter 34

resources consistent with legislative policy.
ME DEP Spills and spill Discharges to the environment are prohibited; no peng
38 MRSA 8543 & 38| reporting if spills are reported within 2 hours to the DEP and
MRSA 8550 promptly cleaned up.

Ity

Requires that oil spills at AST facilities be reported to the

DEP within 2 hours.
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Discharge Program Guidance

within 300 ft of

surface water o

Agency/ Regulation Highlighted Requirements
Regulation Applies to
ME DEP 38 MRSA § 413Waste | AST Facilities | Discharge of storm-water from containment areas must be

treated through an oil-water separator prior to being dischar
a surface water. Facility must file a notice with the DEP’s

je to

draining to Division of Water Resource Regulation.
surface
ME Emergency Management Storing Requires reporting inventories to MEMA when storing 10,00
Agency hazardous pounds (approximately 1500 gallons) or more of petroleum
materials and | products.
Emergency Planning and petroleum
Community Right-to-Know Act || products

J

ME Fire Marshal, Dept. of Publiq

ASTs

Permits are required for aboveground tank installations.

=

Safety, Chapter 34 Vaulted tanks || Technical/design standards include detailed requirements fg
Piping storage tanks and dispensing systems pursuant to NFPA 30

NFPA 30 & 30-A Dispensers 30-A (2008 editions).

Local Codes and Ordinances | AST & UST Some jurisdictions require local permits for installation or
Facilities in prohibit ASTs altogether. Local zoning and land use ordinan
Organized may affect plans for new or renovated facilities. Contact the
Towns & local town office for facilities located in organized towns, or We
Unorganized Maine Land Use Regulation Commission for facilities locate
Territories unorganized territories.

ces

in

lll. GUIDANCE FOR APPLYING REGULATIONS

SPCC Plan requirements are primarily driven by the federal regulations, 40 CFR 112.
However, a number of other codes and regulations also can apply to SPCC regulated
facilities, as shown in the preceding table. The following sections give additional
discussion of the SPCC and other requirements for oil AST facilities.

Purpose of SPCC Plans

Federal SPCC regulations were created under the authority of the Clean Water Act. Their
stated purpose is "...to prevent oil discharges from reaching navigable waters of the
United States or adjoining shorelines.” In effect, the regulation serves to protect surface
waters and groundwater in general throughout the country.

Plan requirements are intended to promote:

» Design and construction of facilities with features that will prevent discharges
from occurring, and contain those that do occur;
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» Training of operators for safe operations and spill emergency preparedness;

* Inspection of facility components to assure continued performance of spill
prevention and control features; and

» Organizing information that will assist in spill prevention and spill response.

General Requirementsfor SPCC Plans

There are numerous requirements for information to be included in SPCC Plans. The
general items listed here are administrative or procedural, and must be included in all
plans.

* Plan Review Log— a location where the owner’s representative certifies the plan
has been reviewed. The plan must be reviewed by the owner every five years.
This periodic review of facilities should give consideration to any changes in
codes, standards and available technology in order to keep facilities up to the
“state-of-the-art”; and, the review will determine if there is a need to amend the
plan. Plans must also be amended whenever there is a change in the facility that
would affect the plan.

* Commitment of Resources- the owner must also certify their commitment to
make available the resources necessary to implement the SPCC Plan and to
control and remove any discharge.

* Professional Engineer (PE) Certification— the preparing or reviewing engineer
certifies the plan has been prepared in accordance with 40 CFR 112 and good
engineering practice. Technical amendments to existing plans must also be
certified by a Professional Engineer.

» Facility Conformance — discuss features and procedures that bring the facility
into compliance with the rules. Also discuss any deviations from the rules, and
what measures are provided to achieve equivalent environmental protection.

» Facility Description — describe the physical layout of the facility. Include a
description of all oil storage, drainage and containment features. Include the
location of spill response materials. Also describe the surrounding area, including
consideration of where a potential discharge could flow toward. Include a facility
diagram or site plan showing items relating to oil storage and the SPCC Plan
related features.

» Prevention- discuss the operating procedures used to prevent spills from
occurring.

* Response- document the facility’s plans for responding to a spill or discharge.
Describe how discharges will be contained or controlled, and plans for cleanup.
Include steps to be taken by employees, and by emergency response contractors.
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Contact List — prepare a list of individuals and agencies to be contacted in the
event of a discharge. Include key employees for the facility, company
management contacts, emergency response contractors, local Fire Department or
police, and state and federal spill reporting hotlines.

Waste Disposal- discuss procedures for disposing of waste following a spill
event cleanup.

Spill Reporting — give criteria and procedures for reporting spills.

Training — provide a description of the owner’s training program for employees.
The training program should include safe operation practices and emergency
response procedures. Training should include a review of information contained
in the SPCC Plan.

Checklist — plans must include a “Substantial Harm Criteria Checklist”. This list
contains questions to determine if additional spill prevention planning measures
are required, or if an SPCC Plan is considered sufficient. For facilities considered
here the SPCC plan will suffice (but the checklist must still be included).

Cross-reference- each SPCC plan must include a means to allow referencing
plan information using the numbering system of the federal rules (40 CFR 112).

Organization — information in the plan should be organized for ease of use in an
emergency.

Technical Requirementsfor SPCC Plans

Facility technical information must also be included in SPCC Plans. The information
needed will describe the physical facility features related to storing and containing oil,
inspections, and securing the facility.

Storage- list all oil storage containers. Give the type of product stored and the
capacity of each.

Discharge Predictions- itemize ways in which a release could potentially occur,
based on an operational upset condition, or leakage or failure of a container.
Discuss quantities, rate of release and likely direction of travel. Show direction(s)
of travel on the facility site plan.

Containment — discuss the containment and drainage features of the facility.

Inspection — describe the routine and periodic inspections that are provided for
oil containing equipment.

Security — describe facility fencing, lighting, access control, and other features
that contribute to the operational security and vandal resistance of the facility.
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Aboveground Storage Systems, including Vault Tanks

Aboveground storage tanks are subject to requirements included in the SPCC rules.
Maine DEP does not place any additional requirements on ASTs (except at Marine Bulk
Terminals — not included in this discussion). The Maine State Fire Marshal’s Office
(Maine Department of Public Safety), has an inspection and approval program for new
ASTs. The Fire Marshal’s program includes technical standards pursuant to National Fire
Protection Association (NFPA) codes adopted by reference under Chapter 34 of the Fire
Marshal's Rules, “Rules and Regulations for Flammable and Combustible Liquids.”
Chapter 34 includes almost all of the NFPA'’s 2003 editions of “Flammable and
Combustible Liquids Code” (NFPA 30) and “Code for Motor Fuel Dispensing Facilities
and Repair Garages” (NFPA 30-A), with a few exceptions as described under Chapter 34.

Highlights of applicable standards for oil storage facilities under the federal SPCC
regulations, the State Fire Marshal’s rules, and the DEP’s underground oil storage facility
rules are listed here. Refer to specific codes and regulations for more information.

AST DESIGN AND CONSTRUCTION STANDARDS

* Tanks must be designed in accordance with good engineering practice. Designs
shall take into account the intended service — product stored, pressure and
temperature.

* ASTs must have secondary containment sized to contain the volume of the single
largest compartment within the contained area, plus an allowance for
precipitation.

» Restrictions on new AST facilities in relation to drinking water resources are
included in DEP’s Chapter 692, Siting of Oil Storage Facilities.

» Additional restrictions on tank location and spacing are included in Chapter 34 of
the State Fire Marshal’s rules. Minimum distances to other tanks, buildings,
property lines and roads are defined. Requirements for protection of tanks from
physical damage, such as the use of bollards, are also included. Additional
restrictions are imposed on storage tanks located within buildings.

* Vault tanks in Maine are regulated as ASTs, and may be located either above or
below ground. A vault may contain only a single tank. In multiple tank
installations, vaults may have a common dividing wall separating adjacent tanks.
Vaults must be liquid-tight and have a means of detecting and removing any
liquid that accumulates.

* The use of double-walled ASTs to achieve secondary containment may be
allowed. A number of cautions are in order, however. Tanks should be located
and installed with special attention to protection from physical damage, since
damage could conceivably penetrate both the primary and secondary tank in a
single incident. Specific requirements for double-walled ASTs include providing
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an anti-siphon device to prevent gravity discharge from the tank, redundant
overfill protection including an audible alarm and automatic flow reduction or
shutoff device, and a tank level gauge. Refer to NFPA 30, NFPA 30-A and EPA’s
guidance regarding double-walled tanks for detailed requirements.

Tanks must be properly vented.

AST OVERFILL PROTECTION

Federal SPCC regulations require that at least one of the following be provided
for all ASTs: an audible or visual high liquid level alarm; a tank liquid level gauge
that is visible to the delivery person (unless a second person in direct
communication to the delivery person monitors the gauge); or an automatic high
liquid level shutoff device. In addition, EPA guidance specifies that double-
walled tanks have redundant overfill protection, as described above, when the
facility operator is relying solely on the double-walled construction of the tank to
provide secondary containment.

Current NFPA codes require a gauge or other means of determining liquid levels
of each tank and the device must be visible to the delivery person. In addition,
these codes require that tanks at dispensing facilities, and certain tanks at other
types of facilities, also have an automatic shutoff device and an audible high level
alarm to prevent overfills.

AST INSPECTION & MONITORING

Generally, tanks are required to be tested for integrity on a regular schedule. The
inspection must be conducted by a certified inspector, and include both visual
inspection and one or more means of non-destructive examination. The scheduled
frequency is not defined in 40 CFR 112. An inspection frequency of every ten
years is widely used for shop fabricated aboveground tanks. The use of an
industry standard procedure such as STI— SP-001 or API 653 is strongly
recommended. In some cases, alternative methods of testing may be allowed for
smaller tanks provided that the Professional Engineer certifying the plan
demonstrates that the alternative inspection methods provide equivalent
environmental protection.

Tanks must also be “frequently” inspected visually at the exterior for signs of
deterioration or leakage. Again, the frequency is not defined by the federal SPCC
regulation. This type of routine inspection can be performed by facility personnel.
The frequency is often interpreted as monthly.

For both types of inspection described above, the facility must have written
records of the inspections and keep them on file for at least three years. Itis
recommended that integrity inspections performed on a ten year or similar
schedule be kept on file indefinitely.
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» The federal SPCC regulation prohibits the discharge of water with sheen from
containment areas such as dikes, and requires that a log be kept of when water is
discharged or removed from containment areas. The DEP Division of Water
Resource Regulation regulates the discharge of any water from containment areas
at AST facilities that are located within 300 feet of surface water, or that discharge
directly to surface water. Such facilities are required to treat water from
containment areas through an oil-water separator prior to being discharged.

* The State Fire Marshal’'s Office requires that aboveground tanks be monitored for
evidence of leakage by performing daily inventory and reconciliation.

* Level gauges must be regularly tested for proper operation.

» The SPCC plan should give an overview of the routine and periodic inspections
provided at the facility.

FIRE MARSHAL INSPECTION & APPROVAL

* A permit from the State Fire Marshal’s Office is required for almost all
aboveground oil storage tank and container installations.

* Aboveground oil storage facilities must meet the applicable provisions of NFPA
30 and NFPA 30-A, as administered by the State Fire Marshal’'s Office.

Underground Storage Systems

Underground storage tanks are subject to state and federal regulations. Federal SPCC
regulations 40 CFR 112 now cover USTs only in a few special cases. USTs that are
regulated by the federal UST regulations 40 CFR 280, or an approved state program per
40 CFR 281, are no longer covered by the SPCC regulations.

Maine has an approved UST program. The regulations applying to USTs are Maine DEP
Chapter 691, Rules for Underground Oil Storage Facilities. The Fire Marshal does not
regulate underground storage facilities that are regulated by DEP.

Although most USTs are exempt from SPCC regulation, some facilities with USTs also
have aboveground storage that triggers SPCC requirements. In these cases, the SPCC
regulations require the plan to indicate the location of all USTs on the facility diagram.

When preparing SPCC Plans for this type of facility, good engineering practice would be
to include some information in the plan relating to any USTs at the facility. This will
allow the certifying engineer to check for basic compliance issues, such as materials and
methods of construction, corrosion protection, testing and monitoring.

Highlights of applicable standards are listed here — refer to specific codes and regulations
for more information.
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UNDERGROUND TANK DESIGN & CONSTRUCTION

New tanks must be constructed of cathodically protected steel, fiberglass, or other
noncorrosive materials.

New tanks must be provided with full secondary containment and continuous
monitoring of the interstitial space.

Fill pipes must have spill buckets and overfill prevention equipment.

Tanks must be installed by a Maine Certified Tank Installer.

UST SYSTEM MONITORING AND TESTING

Daily inventory reconciliation or statistical inventory analysis is required for
USTs, except double walled tanks with continuous interstitial monitoring and
certain existing tanks.

Existing tanks can be exempted from daily inventory reconciliation or statistical
inventory analysis based on a number of leak detection approaches. The usual
approach is for the following conditions to be met:

¢ The tank has an automatic gauging system including electronic line leak
detectors for all pressurized lines, capable of detecting a 0.1 gallon per
hour (GPH) leak from the tank and piping, that conducts a satisfactory test
at least once every 30 days. The system must also be capable of detecting
a leak of 3.0 GPH at all times.

¢ The system is otherwise installed and operated in accordance with Chapter
691.

Galvanic cathodic protection systems must be tested annually.

Impressed current cathodic protection systems must have rectifier readings taken
monthly, and must be tested annually.

Refer to Maine DEP Chapter 691 for additional information on UST system
requirements.

UST SYSTEM REGISTRATION & INSPECTION

Maine DEP has a registration program applicable to all USTs in the state. There is
a fee of $100 per tank every three years. Detailed instructions and the registration
form are available from the Maine DEP.

An annual facility inspection is required to be performed by a Maine Certified

Tank Installer or Tank Inspector. A form for this inspection is available from the
Maine DEP.
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Piping
ABOVEGROUND PIPING

Aboveground fuel piping is covered in the SPCC rules, and is regulated by the Fire
Marshal.

» The Fire Marshal requires aboveground piping to be designed and constructed in
accordance with NFPA 30.

* NFPA 30 adopts an industry standard approach to fuel piping:
0 ANSI B31 Standards are referenced.
0 The use of low melting-point materials is restricted.
o Joining methods and supports are discussed.
o Protection from corrosion is required.
o0 Testing is required for new piping.

* A bulk storage tank may not be directly connected to services station (dispensing)
facilities.

* A check valve and dry-break are required at the delivery connection point for
ASTs.

* The Fire Marshal has adopted NFPA 30A which includes requirements for
dispensing facilities. Important safety devices such as emergency (shear) valves
are required.

» The federal SPCC regulation requires that aboveground piping be contained such
that any leaks or discharges from the piping are retained on site long enough for
cleanup to occur. The preferred methods of containment are permanent physical
containment structures such as utilizing double-walled piping or locating piping
runs entirely within tank dikes or loading rack containment structures. Where the
certifying engineer demonstrates that it is not practicable to provide physical
secondary containment, the SPCC regulation may allow use of contingency
planning, incorporating active containment measures, to address potential spills
from piping. The SPCC regulation also calls for regular inspections of the general
condition of aboveground piping.
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UNDERGROUND PIPING

Underground piping at all AST facilities must be constructed of cathodically protected
steel, fiberglass, or other noncorrosive materials. Unprotected underground steel piping
has been prohibited since 1995.

Underground fuel piping installed at any AST facility in Maine on or after June 24, 1991
must meet the same requirements under Maine DEP Chapter 691as if it were in a UST
system. All underground piping systems at motor fuel AST facilities, regardless of the
date of installation, will be required to be retrofitted as necessary to meet the DEP’s
standards for leak detection by January 1, 2011. These requirements include the
following:

* Underground piping systems must be provided with full secondary containment
and continuous monitoring of the interstitial space, unless the piping system is a
“safe suction” system [Note: A “safe suction” system is rare at AST facilities
because it requires that the dispenser be elevated above the tank].

* Pressurized lines must be provided with a line leak detector.

» SPCC rules require integrity and leak testing at the time of installation, and when
piping modifications occur.

» Chapter 691 requires that underground piping and monitoring systems at all AST
facilities be inspected annually by a Maine Certified Tank Installer or Inspector.
Annual inspection reports for underground piping systems at motor fuel AST
facilities will be required to be submitted to the DEP starting in July, 2007 except
for diesel ASTs where the first submittal of annual inspection reports is not
required until July, 2009.

» All motor fuel AST facilities with underground piping will be required to register
with the DEP by January 1, 2007, except diesel ASTs which have an extended
deadline of January 1, 2009 to be registered with the DEP.

» SPCC Plan preparers should evaluate underground piping systems for compliance
with codes and criteria as part of the facility inspection, and provide
recommendations for any needed repairs or upgrades.

Bulk Oil Transfers

Bulk oil transfers are transfers between storage containers and transportation modes such
as tank trucks and tank cars.

* Oil handling areas where transfers occur must be provided with spill containment
and control features. The extent of the features required depends on the nature of
the transfer facilities.

» For transfers occurring across a loading/unloading rack, a fixed containment must
be provided for the single largest compartment of any tank truck or car handled at
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that location. Contained oil from a spill event would be returned to storage,
reclaimed or disposed by a licensed waste contractor.

* For transfers that do not take place at a loading/unloading rack, the area must be
sufficiently contained and controlled to prevent harmful discharges. This
requirement applies not only to transfers, but to any location at a facility where
there is a reasonable possibility of a leak, spill or discharge occurring. The
requirement can be met through the use of permanent or temporary containment
features, or response equipment, or by any combination of these elements.

» Deliveries to USTs must be observed by a representative of the facility owner,
operator or oil transporter.

Truck Parking and Portable Tank Storage

Many terminals have parking areas for trucks — both bulk transports and delivery trucks.
Storage of portable tanks is also a common occurrence. These containers are typically
viewed as conveyances for the transportatiohoil regulated by the Department of
Transportation (DOT). These containers are also viewed as oil staragye they are not
being used for transportation — and when this happens they become subject to regulation
by EPA under the SPCC rules.

» Generally, a truck that is registered and used for on-the-road transport of oil is
regulated by the DOT as transportation rather than by the SPCC regulations as
storage. A truck being filled or making a delivery is considered to be involved in
transportation. However, the facility and transfer area are at the same time
covered by SPCC regulations.

» Ifatruck or tank is parked for some time during routine daily operations, it is not
considered as storage. Examples would be the trucker who parks while
completing paperwork, or the technician who parks at the facility while between
job locations.

» Ifatruck or tank is parked loaded with product for any extended period of time
unattended, it becomes a storage container, regulated by the SPCC regulations.

» Ifatruck or tank is considered storage, it is subject to the SPCC General
Secondary Containment requirements.

» If a container is completely emptied for parking or storage it is still technically
subject to SPCC rules. However, EPA has not expressed interest in enforcing a
strict interpretation in this case. The owner/operator must be sure that all parked
containers have been properly emptied. The facility will be held accountable if
any residual product is discharged from such a container.

Maine DEP SPCC Guidance Doc Oct-2012
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Training

» Personnel involved in operating regulated facilities must receive training
covering the following material:

o Contents of the facility SPCC plan.

o Facility operations.

o Operation and maintenance to prevent discharges.
o Discharge response procedures.

o Applicable laws and regulations.

* Provide annual briefings for all oil handling personnel to review contents of the
SPCC plan.

 The SPCC plan should provide an overview of the facility’s training program.

Security

» SPCC regulations require the facility owner to implement security features
tailored to the facility’s specific characteristics and location.

» The implementation of security measures is very site specific. What works for
one facility may not be appropriate for another.

» The SPCC rules allow for exceptions to the fencing requirement, but alternative
measures resulting in “equivalent environmental protection” must be provided.
Maine State Fire Marshal regulations require aboveground tanks to be fenced,
except when the entire facility is fenced.

Spills & Spill Reporting

* Under DEP’s statutes, if an oil spill is promptly reported (within 2 hours),

removed, and cleaned up to the Department’s satisfaction, the owner is not subject

to any fines or penalties for causing a spill. This law applies to a spill of any
quantity of oil. The DEP has a 24-hour oil spill reporting hotline (1-800-482-
0777).

» State Fire Marshal’s regulations require that AST facilities report oil spills to the
DEP within 2 hours.

* The one exception to the Maine law is for surface spills of 10 gallons or less on
impervious surfaces, such as asphalt or concrete, at UST facilities only. A
customer overfill at a retail UST filling station is an example of this type of spill.
The spill must be cleaned up within 24 hours and a written log of such events

Maine DEP SPCC Guidance Doc Oct-2012
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must be kept at the facility. For these types of spills at UST facilities, the written
spill log suffices for “reporting” in lieu of calling the spill into the DEP.

* Under federal law, any spill of oil that reaches navigable waters or adjacent
shorelines, causes sheen, causes a sludge or emulsion, or violates any applicable
water quality standards must be reported to the National Response Center’'s 24-
hour hotline (1-800-424-8802).

* There are some exceptions to the federal reporting law. These exemptions include
properly functioning vessel engines and NPDES permitted releases.
Contaminated bilge water is not exempt however.

» SPCC regulations require reporting of spills, with written information submitted
to the EPA regional administrator within 60 days:

o For a single discharge of more than 1,000 gallons.

o For any two discharges of more than 42 gallons of oil in any 12 month
period.

V. COMMON PROBLEMS

Releases can occur at small bulk and retail fueling facilities due to a wide variety of
reasons. However, the three following problems account for a large number of reported
discharges:

Leaking Underground Piping — Many underground piping systems at AST facilities do

not meet current standards for double-walled piping and leak detection systems.
Consequently, leaks in these nonconforming systems can occur for a long period of time
undetected. In some cases where this has occurred, major contamination has resulted,
leading to costly clean-ups. Even where underground piping systems meet current
requirements, leaks can occur undetected if the facility owner/operator is not familiar
with the piping and leak detection system, and the system is not properly maintained or
inspected.

I nadequate Overfill Protection — Tank overfills are the single largest cause of oll
discharges at AST facilities. The federal SPCC rules require that tanks be provided with
overfill protection. Overfill protection devices include tank level gauges, high level
alarms, and automatic shutoff devices.

| nadequate Secondary Containment - The federal SPCC rules require secondary
containment for oil storage tanks and other containers that are 55 gallons in size (i.e., a
standard barrel) or larger. Dikes are the most commonly used method of secondary
containment for tanks, but are sometimes undersized or not adequately maintained. Dikes
must be maintained so that they are liquid tight, and any dike drainage valves must be
kept normally closed so that product will not simply drain out of the dike in the event of a
spill at a tank.

Maine DEP SPCC Guidance Doc Oct-2012
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V. CODES AND STANDARDS

There are a wealth of codes, criteria, regulations and industry standards that provide
useful information for the design, construction and operation of oil facilities. Some of
these have mandatory requirements for facilities; others have information that may be
taken as recommendations representing “good practice”. The following is far from a
complete list, but represents most of the core standards needed for small aboveground oil

facilities.

Regulations
40 CFR 112
40 CFR 280

Chapter 34

Chapter 691

Chapter 692
Codes
NFPA 30
NFPA 30A
NFPA 70
Standards

API1 653
PEI RP 200

STI SP0O01

API1 2610

US EPA, Spill Prevention Control & Countermeasures
US EPA, Technical Standards and Corrective Action Requirements
for Owners and Operators of Underground Storage Tanks (UST)

Maine Fire Marshal, Dept. of Public Safety
Rules and Regulations for Flammable and Combustible Liquids

Maine Department of Environmental Protection
Rules for Underground Oil Storage Facilities

Rules for The Siting of Oil Storage Facilities

Flammable and Combustible Liquids Code
Automotive and Marine Service Station Code

National Electrical Code

Tank Inspection, Repair, Alteration and Reconstruction

Petroleum Equipment Institute
Recommended Practices for Installation of Aboveground Storage
Systems for Motor Vehicle Fueling

Steel Tank Institute
Standard for Inspection of In-Service Shop Fabricated
Aboveground Tanks for Storage of Combustible and Flammable
Liquids

Design, Construction, Operation, Maintenance, and Inspection of
Terminal and Tank Facilities

Maine DEP SPCC Guidance Doc Oct-2012
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VI. INSPECTIONS

Inspection Iltem Frequency Applicable Standards
ASTs “Frequent” (monthly STI SP001
recommended)
ASTs “Periodic” ( as determined by STI SP0O01 (for shop built

inspection standard) tanks)
API1 653 (for field erectec

tanks)
Aboveground “Regular” (monthly 40 CFR 112 (visual
Piping recommended) inspection)
USTs and ASTs Annual (required) ME DEP Chapter 691
with underground
piping

VIl. INFORMATION RESOURCES

Federal Regulations

Federal SPCC regulation 40 CFR Part 112, Oil Pollution Prevention and
Response; Non-Transportation-Related Onshore and Offshore Facilities, Final Rule,
U.S. Environmental Protection Agency, 67 Federal Register 137 (December 5, 2008)

Revised Deadlines for complying with the federal SPCC regulation40 CFR Part
112, Oil Pollution Prevention and Response; Non-Transportation-Related Onshore
and Offshore Facilities, Final Rule, U.S. Environmental Protection Agency, 71
Federal Register 33 (November 10, 2011)

EPA SPCC Guidance for Regional InvestigatorsNov. 28, 2005, revised 2/3/06).
Office of Emergency Management, EPA 50-B-05-001

State Statutes & Rules

Maine DEP SPCC Statute 38 MRSA 8 570-K

Underground Tanks & Piping: Maine DEP, Chapter 691, Rules for Underground
Oil Storage Facilities, March 13, 2012

Aboveground Tanks & Piping: State Fire Marshal’'s Office Chapter 34 Rules and
Regulations for Flammable and Combustible Liquids, March 17, 2009
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» Discharging Dike Water to Surface Waters Waste Discharge Program Guidance,
Maine DEP, Division of Water Resource Regulation, August 31, 2004

Spill Response
* Responding to Oil & Hazardous Materials Spills (Maine DEP)

* Maine DEP Statutes for Spills and Spill Reporting 38 MRSA 8§ 543 and 38
MRSA § 550

General SPCC Web Sites

» EPA SPCC web site
http://www.epa.gov/emergencies/content/spcc/index.htm

+ Maine DEP SPCC web site
http://www.maine.gov/dep/waste/spcc/index.html

Publications

» Recommended Practices for Installation of Aboveground Storage Systems for
Motor-Vehicle Fueling, PEI/RP200-08. Petroleum Equipment Institute. 2008.
Petroleum Equipment Institute, P.O. Box 2380, Tulsa, OK 74101-2380; (918) 494-
9696

* NFPA 30, Flammable and Combustible Liquids Code, 2012 Edition. National
Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA
02269-9101; (800) 344-3555

* NFPA 30A, Code for Motor Fuel Dispensing Facilities and Repair Garages, 2012
Edition. National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101; (800) 344-3555

* Flammable and Combustible Liquids Code Handbook, Sixth Edition Robert P.
Benedetti, C.S.P., Editor. 1997. National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101; (800) 344-3555

» Handbook of Storage Tank Systems: Codes, Regulations, and Desigh8ayne
B. Geyer, Editor. 2000. Marcel Dekker, Inc., 270 Madison Ave., New York, NY
10016; (212) 696-9000
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VIlIl. AGENCY CONTACT LIST

Federal SPCC plan requirements for any facilities with more than 1,320 gallons of
aboveground oil storage:

U.S. Environmental Protection Agency Joseph Canzano, EPA Region 1 (HBR), One
Congress Street, Suite 1100, Boston, MA 02114-2023; telephone: (617) 918-1763; e-mail:
canzano.joseph@epa.gov

Sate SPCC programfor facilities with more than 1,320 gallons of aboveground oil storage
that market or distribute oil to others:

Maine Department of Environmental Protection Butch Bowie, Division of Technical

Services, Dept. of Environmental Protection, 17 State House Station, Augusta, ME 04333-0017;
telephone: (207) 287-4804 or in-state toll free (800) 452-1942; e-mail:
butch.c.bowie@maine.gov

Sate requirements for discharging stormwater from containment areas to surface waters:

Maine Department of Environmental Protection Erich D. Kluck, Environmental Specialist,
Dept. of Environmental Protection, Division of Water Resource Regulation, 17 State House
Station, Augusta, ME 04333-0017; telephone: (207) 822-6300 or (207) 592-2068 ;

e-mail: erich.d.kluck@maine.gov

Sate permitting for aboveground oil storage tanks and aboveground piping:

Maine State Fire Marshal’'s Office Stephen W. Dixon, Sr., Public Safety Inspector, State Fire
Marshal's Office, 52 State House Station, Augusta, ME 04333-0052; telephone: (207) 626-
3890; e-mail: stephen.w.dixon@maine.gov

Sate requirements for underground tanks and underground piping:

Maine Department of Environmental Protection Underground Tanks Unit, Dept. of
Environmental Protection, 17 State House Station, Augusta, ME 04333-0017; telephone: (207)
287-2651 or in-state toll free (800) 452-1942.

Emergency response planning for facilities storing oil and/or hazardous materials:

Maine Emergency Management Agency Robert S. Gardner, Technological Hazards
Specialist, 72 State House Station, Augusta, ME 04333-0072; telephone: (207) 6224-4400;
e-mail: robert.s.gardner@maine.gov

Sate requirements for storage of hazardous matter:

Maine Department of Environmental Protection John Dunlap, Environmental Specialist,
Dept. of Environmental Protection, 17 State House Station, Augusta, ME 04333-0017;
telephone: (207) 287-3547 or in-state toll free (800) 452-1942;

e-mail: john.m.dunlap@maine.gov.

Local permitting requirements for aboveground storage tank facilities:

Organized towns: Contact your town office or Code Enforcement Officer.
Unorganized territories: Contact the Maine Dept. of Conservation, Land Use Planning
Commission, 22 State House Station, Augusta, ME 04333-0022; telephone: (207) 287-2631.
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Center for Spills in the Environment

Oil Sands Products Training

FACT SHEET

Oil Sands Products Training

On December 4 — 5, 2012, The University of New Hampshire’s Center for Spills in the Environment

conducted a training on oil sands products, sponsored jointly by Maine Department of Environmental
Protection, Response Services and the U.S. Environmental Protection Agency, Region 1. It was held

at the University of Southern Maine’s Abromson’s Conference Center in Portland, Maine.

The goals of this meeting were to learn the basics of oil sands products: What are they? What are
their characteristics? How are they transported by rail? Once these basics were known, the next step
was to answer: What are the fate, behavior and modeling associated with potential spilled oil sands
products? What are the effects of oil sands products on the natural environment? The 2010 Enbridge/
Kalamazoo pipeline spill in Michigan provided a case study with which to consider potential re-
sponse options and damage assessment strategies.

Over 60 participants from Maine, New Hampshire, Washington and Canada attended, including re-
sponders from federal and state environmental agencies, the U.S. Coast Guard, oil spill response or-
ganizations, the National Oceanic & Atmospheric Administration, and the transportation industry.

Invited speakers who contributed valuable information included Randy Mikula of Kalium Research,
Heather Dettman of Natural Resources Canada, William Fairfield of Canadian Pacific Railroad,
Bruce Hollebone of Environment Canada, Peter Hodson of Queen’s University, Lori Muller of
USEPA, Region 5 and Jessica Winter of NOAA’s Office of Response & Restoration. The second day
of the training was devoted to discussions on response to a potential railway spill of oil sands prod-
ucts highlighting the sensitive resources potentially at risk. The participant group discussions re-
sponded to several key questions (i.e., potential scenarios, response challenges/issues specific to oil
sands spill, and what information is needed to improve this response).

A report on this meeting is forthcoming and additional information and presentations are posted on
the meeting website>> http://crrc.unh.edu/workshops/oil_sands/index.html or contact Nancy Kinner,
director of Center for Spills in the Environment at 603.862.1422 or nancy.kinner@unh.edu.




http://crrc.unh.edu/workshops/oil_sands/index.html

mailto:Oil%20Sands%20Products%20Training
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GEOGRAPHIC
RESPONSE STRATEGIES

o Specific strategies for
sensitive areas

e 208 In Maine

e Active testing and review
program
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ENVIRONMENTAL
VULNERABILITY INDEX
MAPS

 ldentify resources
and habitats at risk
from marine oll spills

o Atlas of 98 maps
coastwide

e Strong partnership
with IF&W, DMR
and MGS
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* Access database with
agency supplied data

e Custom GIS script tool
selects all “EVI
numbers” on screen

* Populates table linked
to Access report

* Very fast reports “on
the fly” of resources in
the immediate area

LINK
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Eastern Maine Railway

Montreal, Maine and Atlantic Railway
New Hampshire Northcoast Corp.

Pan Am Railway

St. Lawrence and Atlantic Railroad Co.
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Resources at Risk

Public Drinking Water Supplies
®  Community PWS

Surface Water Intake PWS

(©)  Transient PWS

(®)  Non-transient, non-community PWS
Non-public

(D) No details
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Resources at Risk

Sand and Gravel Aquifers
10-50 gallons/min.

> 50 gallons/min.
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Resources at Risk

Golden Eagle, Least Bittern, Northern Black Racer (E)

Upland Sandpiper, Blanding’s Turtle, Northern Bog Lemming (T)

Bald Eagle, Ribbon Snake, Spring Salamander
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RESPONSE TECHNOLOGIES FOR OIL SANDS PRODUCTS
ENBRIDGE OIL SPILL CASE STUDY

KALAMAZOO RIVER, MICHIGAN
December 4, 2012






What Happened?

Day 1: July 26, 2010

Augusta
® Battle Creek
o

Kalamazoo  Galesburg g

Ceresco Marshall

Morrow Lake

Release Site





{ Oil Spill Conceptual Model giver characteristics

oo, Wetlands

— A Islands

20 ¥ade RivediRediystem

Oxbows |

Structures & Dams

Peninsulas





{ Oil Spill Conceptual Model |itial release

July 26, 2010
e 843,000 Gallons Crude Oil (Reported)





{ QOil Spill Conceptual Model pepositional Areas

Deposition of Oil in Overbank Areas

Sinking of Oil (Submerged Oil)





{ Qil Spill Conceptual Model  submerged oil Migration

Submerged Oil Migration

e 1"
211





What Did We Do?

Day 2 Through Day 40

Augusta
® Battle Creek
o

Kalamazoo  Galesburg g
Marshall

Ceresco
0
Morrow Lake

Release Site

Recovery of 760,000 Gallons of Oill





AIR MONITORING AND SAMPLING

Public Health: Benzene

Enbridge Line 6B Oil — Tar Sands Crude
with Diluent additive

Diluent containing benzene @ 30% additive
to Line 6B Crude Oill

Public Health concern for residents and
workers during first 30 days

Thousands of air monitoring readings
collected

Hundreds of air samples collected

Voluntary evacuation at 60 residences





AIR MONITORING AND SAMPLING Public Health: Benzene

« Air monitoring conducted using:
> MultiRAEs
» Benzene UltraRAEs
» AreaRAEs
» Draeger tubes
» HAPSItes

« Air Sampling conducted using:
» Summa Canisters
» Tedlar Bags — Mobile Lab

« Evacuation and Re-entry Decision Trees
Established

« Benzene — main public health driver

« Evacuation Action Level — 200 ppbv benzene when monitoring
60 ppbv benzene when sampling

 Reoccupation Action Level — 6 ppbv benzene — sampling

60 ppb is based on a 10-fold adjustment of the ATSDR intermediate MRL (6 ppb).





Overbank Assessment eyoiution: SCAT

2010
SPILL = SCAT

Shoreline —
Cleanup
Assessment

2011

P

Technique

Rapid Assessment
of Entire Valley,
with

Specific Emergency
Cleanup
Recommendations

2012

A systematic approach that uses standard terminology
— to collect data on shoreline oiling conditions and
supports decision-making for shoreline cleanup

e NOAA/USCG assessment technique adapted for
a riverine system

e 5 Phases
1. SCAT Assessment
2. Operations Clean-up
3. EPA/Enbridge Inspection
4. SCAT Re-Assessment
5. EPA Division Supervision Sign-off





SCAT Progress Tracking

SCAT Assessment
Completed
Operations Clean-up
Completed
EPA/Enbridge
Inspection Completed
SCAT Re-Assessment
Complete

EPA Division
Supervisor Sign-off





SCAT Progress Tracking

Division C Division C
Group 1 (4.00 mi) Group 2 (3.75 mi) Group 3 (2.25 mi) Group 4 (5.25 mi)
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Submitted for EPA Division Supervisor Sign-off .
Percent Cumulative Sections Completed Total at
SCAT Process .
Complete Completion
9/17 | 9/16 | 9/15 | 9/14 | 9/13 | 9/12 | 9/11 | 9/10 | 9/9 9/8 9/7 9/6 9/5 9/4 9/3 9/2 9/1 | 8/31 | 8/30
SCAT Assessment Completed (Step 1) 100% 61 61 61 61 61 61 61 61 61 61 61 61 61 61 60 47 a7 33 31 61
Operations Clean-Up Completed (Step 2) 87% 53 53 52 41 35 33 23 20 19 19 16 11 24 21 22 20 20 19 19 61
Enbridge/EPA Inspection Completed (Step 3) 84% 51 46 a1 32 24 22 21 19 16 11 11 11 8 8 9 6 6 6 6 61
SCAT Re-Assessment Completed (Step 4) 72% 44 34 31 24 20 17 17 13 11 11 10 6 L 4 3 2 2 2 2 61
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 61

*SCAT Initial Assessment
* 0

* QOperations Clean-up
* 8

- 1/4 sections remaining

- 1/4 sections remaining

*Enbridge/EPA Inspection

4

*SCAT Re-assessment

4=

4=

4

10

- 1/4 sections remaining

Deadline - September 22

17
A

- 1/4 sections remaining

Must complete daily






Then What?

Day 40 through Day 607

Augusta
® Battle Creek
o

Kalamazoo  Galesburg g

Ceresco Marshall

Morrow Lake

Release Site
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Overbank Assessment gyoiution: SORT

2010

2011 2012

SPILL =——» SCAT =3 SORT

Shoreline
Cleanup
Assessment
Technique

Rapid Assessment

of Entire Valley, with
Specific Emergency
Cleanup
Recommendations

Shoreline
Overbank
Reassessment
Technique

Reassessment

of Entire Valley
Constrained by
Inundation
Modeling
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Overbank Work
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Overbank Assessment Evolution: ReSORT

2010 2011 2012

SPILL == SCAT =3 SORT =——3> ReSORT (SORT2012)

Shoreline Shoreline

Cleanup Overbank Revisiting SORT

Assessment Reassessment

Technique Technique
Rapid Assessment Reassessment Revisiting Specific
of Entire Valley, with  of Entire Valley Areas based on
Specific Emergency Constrained by Previous Two efforts
Cleanup Inundation

Recommendations Modeling





ReSORT

Target Based Approach (426 target areas)
O Areas of excavation
O Areas that were covered with water during SORT
O Areas where Film, or Sheen were noted in SORT

Consensus in the Field:
O No more “When In Doubt Map it out”

Established Sheen Testing Protocol
Goal: Two Intense Weeks





Reso RT Results and Observations





















29.25 RDB_152 — Reassess, not likely to dry out

:






Reassess areas during Spring/Early Summer as part of submerged oil assessment
Outstanding Sites Characterization and Reconciliation (OSCAR) Group to review
and determine action for all outstanding overbank sites

OSCAR determinations included:

>  Currently meets EPA Order — transition to State

> Needs additional assessment

> Needs additional removal work






Augusta

Battle Creek

Galesburg o

Marshall

‘ Ceresco
[ ]
Kalamazoo  wmorrow Lake

Release Site






Kalamazoo

Augusta

Galesburg o

Morrow Lake

Low Pressure Sediment }

A:
alg, ,77620
(0%

ivey

Fall 2010

Sediment Flushing usin(g

Hydraulic Stingers

Dredging

Aerators

Surface Collection
— Sorbent Pads

— Pom-Poms
— Sheen Corralling

Battle Creek

®
%,

%
£

Ceresco
°

Marshall
@
P

U
/)79
‘ Of @@ %@






Battle Creek

Galesburg o

Marshall

Ceresco

Morrow Lake

o
Kalamazoo

Release Site

Summa ry of Work 2011 submerged Oil - Distribution by Area

L
P

EEEPEET
EEEEFE

o

o
s

o7
S

\\\x\w\w\w\w\\\\\

A

P

s

LI I ITIRT

.

0

Y

A S,

P

ey

R






Augusta

Battle Creek

Galesburg o
Marshall

Ceresco
°

Kalamazoo  morrow Lake

Release Site

Smeerged O|I 2011 Recovery Techniques

%

N
e Manual Agitation \
e Hydraulic Stingers \ \

e Chain Drag

e Mechanized Agitation

* MecHanized Hydraullic Agitation

. /meper Boats \

e |Dewgdtering and Excpvation

e |Sweeper Boats
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Conducted Scientific Studies during 2012

* Net Environmental Benefit Analysis (NEBA)
e Submerged Oil Quantification Study
e UV-Epifluorescence Microscopy Study

e Biodegradation Study
* This study was commissioned by the FOSC through the U.S.
EPA Environmental Response Team (ERT) and led by Mark
Sprenger

Note, the above studies have not been finalized and are not yet available for
public release
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Net Environmental Benefit Analysis

* Weighs the environmental risks associated with leaving residual
submerged oil in place as compared to ecological impacts resulting
from additional oil recovery actions.

* Addresses only potential ecological effects. Does not address human
health impacts or other designated uses of a water body.

* Addresses habitats and considers resource impact on most sensitive
species affected by oil and;

*Evaluates potential impacts from specific submerged oil recovery
actions.

*Process led by Faith Fitzpatrick (USGS) as one of three site Science
Coordinators. Documents were prepared by members of the Scientific
Support Coordination Group (SSCG) including MDEQ, USGS, EPA,
USFWS and the Kalamazoo River Watershed Council
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Submerged Oil Quantification

Generalized Random Tessellation Survey (GRTS)

Coring locations were selected using a GRTS model.

* The coring locations were randomly selected from
heavy/moderate and light/none polygons within the 10
different stratified geomorphic units (i.e. Impounded waters,
depositional backwaters, oxbows, etc.)

* Stratified — likely to reduce variance of the oil estimate.
* Spatially balanced — across the entire site.
e Study led by U.S. EPA and Enbridge with support from oil spill

forensic chemistry experts supporting EPA (Greg Douglas
from Newfields) and Enbridge (Ann Arbor Technical Services)





Photomicrographs of Line 6B Oil-Mineral Aggregates (OMA)

UV epifluorescence Bright field transmitted light Combined illumination

Oil-mineral aggregates are oil droplets stabilized by fine mineral particles.

Dr. Ken Lee (Fisheries and Oceans Canada) prepared this OMA in his
laboratory using Line 6B oil and Kalamazoo River sediments.

Study commissioned by the FOSC through the Scientific Support
Coordination Group (SSCG) — Dr. Ken Lee is a member of the SSCG





2012 Sheen Management at Ceresco Dam Impoundment







CHARACTERISTICS OF OIL SANDS
PRODUCTS

Heather D. Dettman

Center for Spills in the Environment
Oil Sands Products Training
Portland, Maine
December 4 & 5, 2012
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Simplified "0il Sands to Motor” Value Chain

Pipeline Transport

Pipeline
Terminal

1

Water/Solids

Diluent Addition

Removal

T

In Situ
Production

»| Desalter

V.,...

| .~

Primary Upgrading
: Coking or Residue
Hydrocracking

Tailings

1

Extraction

i Secondary Upgrading

i Catalytic Processing i

(Hydrogen)

v

Refining
Catalytic
Processing
(Hydrogen)

!

Gasoline
Diesel

Mining

i Performed at Upgraders

..........

*III

Performed at Refineries

May be needed in future
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Pipeline Definitions

Transmission

Pipeline Transport

Pipeline
Terminal

t «—— Feeder

»| Desalter

Water/Solids
Removal
Diluent Addition

Primary Upgrading
i Coking or Residue
Hydrocracking

t — Gathering

Tailings

1

Extraction

Production

In Situ
: Secondary Upgrading !
i Catalytic Processing i

(Hydrogen)

http://www.cepa.com/about-pipelines/types-of-pipelines

v

Refining
Catalytic
Processing
(Hydrogen)

!

Gasoline
Diesel

*III

Mining

Performed at Upgraders
Performed at Refineries

May be needed in future
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What Is Bitumen?

= Bitumen is the “extra heavy” crude oil that remains after
the biodegradation of oil in Northern Alberta
= Initial boiling point is 204°C/399.2°F
= Approximately 50wt% of the oil boils at temperatures below
524°C/975.2°F
= Biodegradation has resulted in organic acids being left behind in
the oil

= Total acid number (TAN) is 3mg KOH/g which corresponds to
an organic acid content of 3wt% in the oil

= Organic acid species in bitumen are relatively large
molecules with 70wt% boiling above 524°C/975.2°F

= [By comparison, vinegar for our salads is 5wt% acetic
acid which corresponds to a TAN of 47mg KOH/g (by
calculation)]
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What Is Used to Dilute the Bitumen?

= Diluent such as CRW condensate to make “dilbit”
= “Naphtha”-based oil which can include natural gas condensate

= Natural gas condensate is the “liquid” that is produced with
natural gas where the lowest boiling component is butane
which boils at -0.5°C/31.9°F

= Approximately 75wt% of the condensate boils at temperatures
less than 204°C/399.2°F

= Final boiling point is approximately 524°C/975.2°F
= Synthetic crude oil, an upgraded product from an
upgrader/refinery, can also be used to make “synbit”

= Less than 50wt% of the synthetic crude oil boils at temperatures
less than 204°C/399.2°F

= Final boiling point is approximately 524°C/975.2°F
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Dilbit and Synbit Specifications

= Bitumen is diluted with light oil to meet transmission
pipeline specifications for density and viscosity
= Needs 30% by volume of diluent for dilbit
= Needs 50% by volume of synthetic crude oil for synbit

= Characteristics of dilbit/synbit are in the range of
= TAN value of 1.6mg KOH/g
= Sulfur content of 3.9wt%

For composition information for Alberta transmission pipeline
commodities, see http://www.crudemonitor.ca/

I * I Natural Resources Ressources naturelles
Canada Canada





B S
Boiling Ranges of Petroleum Products
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Are Oil Sands Products More Corrosive Than
Other Crudes?

Due diligence work performed in 1995 indicated that all oil
commodities being transported in Alberta transmission pipelines had
low corrosivity under pipeline conditions

Current understanding of possible contributions of organic acid,
sulfur, and sediment contents to oil corrosivity under pipeline
conditions support the earlier results; new measurements show that
oils sands products have similar results to other crudes

Industry experience has been consistent with these results

(J. Been and J. Zhou, “Corrosivity of Dilbit and Conventional Crude Oil in
Transmission Pipelines”, NACE Northern Area Eastern Conference, Paper Number 2,
Toronto, Canada, Oct. 28-31, 2012 (Based on the report at http://www.ai-
ees.ca/media/6860/1919 corrosivity of dilbit vs conventional crude-nov28-

11 revl.pdf)
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What Can Cause Internal Transmission
Pipeline Corrosion

= Water is a key component that can cause corrosion in all
types of pipelines for all types of commodities (i.e. light,
heavy, or oil sands products)
= Qil-wet pipelines have negligible corrosion rates

= If sludge starts to settle out, then water contents can increase at
that location and the pipe can become water-wet

= Water corrosivity can be increased if water-soluble organic acids
are present
= For oil sands products, the content of water-soluble organic
acids in the oil is very low due to extensive washing with hot
water during production, and the use of floatation during the
dewatering process
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Transport of In Situ Production

= For example, steam-assisted gravity drainage (SAGD)
produces an oil-water mixture that comes out of the
ground at approximately 230°C (446°F)

= For transportation by transmission pipeline:
= Water and solids have to be removed
= Final transmission pipeline specifications for dilbit/synbit require:
= Density @ 15°C/59°F < 940 kg/m3
= Viscosity @ pipeline temperature < 350cSt
= Basic sediment & water content (BS&W) < 0.5% by volume

= For transportation by train, oil sands products should
have similar quality characteristics....
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Sediment and Water Removal
= Sediment (mud and sand) and water are removed in two

steps:
= Floatation (Free water knockout)

Eocand
Prass ure-relicd pressure-relief  Coalescing Foam leraaker Gas owtlet toarifice maetar

vale scalviz plates ballla plate

sl sxira clor

ACCHESE
e

0il-l=vel controller

Effluant inlet “Mortex broakos
| | sl autlet 1o
! | Weiter outlal ] mwchanical maler
Dellgctar Sddional  Waler lewal o machamcal Yortex %
plates autlet controller  meatar breaker Weir haffla plate

Schlumberger website - http://www.glossary.oilfield.slb.com/Displaylmage.cfm?ID=630

= Dehydration/gravity separation/emulsion breaker (Heater
treater)
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Corrosivity Test Work, in 1995 and now

0.025 ————r————1——— 71— 77T
[ 1 Due diligence study was performed
a4 ] on commodities being transported by
0.020 1 pipeline in 1995 by CanmetENERGY
= 3 3 Corrosion rates were very low, less
g 0.015 | i than 0.022mpy, and did not correlate
° " 35 ] with total acid number (TAN) for
. [ ] values up to 3.9mg KOH/g
S 0.010 )
3 _ { New test method, ASTM G205-10:
0005 %% o 1 Standard Guide for Determining
; 1 Corrosivity of Crude Oils, ASTM
0.000 E . ==smss m L . _ 1 International (www.astm.org) found
oo e T e T e that ail sands products have the same

Total acid number (mg KOH/g) reSUItS as Other CI'UCIES

Courtesy of W. Friesen, CanmetENERGY S. Papavinasam, NACE Northern Area
Eastern Conference, Paper Number 10,
Toronto, Canada, Oct. 28-31, 2012
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When Can Organic Acids in Crudes Cause
Corrosion?

= Qrganic acids (also called “naphthenic acids”) in crude
oils can cause corrosion if they get concentrated

= This can occur in a refinery during distillation at temperatures
above their boiling points which are generally temperatures
greater than 200°C/392°F

= For bitumen, initial boiling point of its organic acids is
280°C/536°F
= Global crude corrosivity in refineries also depends upon
organic acid size and structure

= Bitumen has been found to have relatively low corrosivity under

refinery conditions despite its high TAN value [Dettman et.a/.
CORROSION/2012, paper no. 01326 (Houston, TX:NACE 2012, pp.1-15]
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What about Sulfur?

= Acidic sulfides like hydrogen sulfide (H,S) and
mercaptans can interact with iron to form iron sulfides

= Similar to most crudes, diluent and thermally-treated
bitumen (i.e. SAGD production) can contain H,S

= Most of the sulfur in oil sands products is bound in
hydrocarbon structures that require refinery processes
including heat (i.e. 350°C/662°F), high pressure
hydrogen, and catalysts to remove it

14
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What about Sand?

= All crude oils come out of the ground so can contain
sediment (mud, sand, salts)

= Sediment carried by the oil-water mixture is separated from the
oil by the floatation of the oil from the water, and gravity
separation of solids

= Once the oil sands product meets pipeline specification for
BS&W, the remaining sediment in the oil is in the size range of
silt (mud) to very fine sand
[http://en.wikipedia.org/wiki/Particle_size_(grain_size)]

= As sand particles are very small and are low in concentration,
erosion is not a concern in transmission pipelines
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Conclusions

= Qil sands products being transported out of Alberta by
transmission pipelines

= Consist of blends of bitumen and light oil (diluent or synthetic
crude oil) to make dilbit or synbit, respectively

= Meet quality specifications for density, viscosity, and basic
sediment and water (BS&W) content

= Are not more corrosive than other crudes

16
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Discussion Points with Regards to Spill
Clean-up

= Characteristics to consider
= Content of lowest boiling components that boil below 200°F
= Air quality immediately after the spill
= Rate of loss
= Content of highest boiling components

17
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Discussion Points for Spill Clean-Up (cont'd)
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Discussion Points for Spill Clean-Up (cont'd)
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Bakken is included for comparison
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National Academy of Sciences
ldentifying safety issues with diluted
bitumen pipelines

Anthony Swift
Attorney, International Program

Natural Resources Defense Council
July 23,2012





Scope of Study

Pipeline Safety, Regulatory Certainty and Job Creation
Act of 2011:

“The Secretary of Transportation shall complete a
comprehensive review of hazardous liquid pipeline
facility regulations to determine whether the

regulations are sufficient to regulate pipeline facilities
used for the transportation of diluted bitumen.”

1. Incidence and severity of spills on tar sands pipelines
2. Impact of spills for PHMSA spill response planning





NAS Study Design Issues

“In conducting the review, the Secretary shall
conduct an analysis of whether any increase
in the risk of a release exists for pipeline
facilities transporting diluted bitumen.”

— What is diluted bitumen?
— What is the point of reference?





Defining “Diluted Bitumen”

 Combination of bitumen and natural gas liquid
condensate and/or other lighter diluents

— Bitumen
— Natural gas liguid condensate or other diluents

* Dilbit as a ‘dumbbell crude”

— High fractions of very heavy carbon chains
— High fractions of very light hydrocarbons





Characteristics of diluted bitumen

Heavy (low API)
High Viscosity

High total acid number (TAN)

Sediment content and type
Sulfur content
Heavy metal content





Comparison of Diluted Bitumen with

Conventional Crudes

Characteristics

Conventiond 1.5,
Crude (\West Texas
Intemediate)

Venezuela
crude in 1.5,
pipeline system

Diluted Bitumen

yelows 800 pounds
bel 8 |
per square inch
psi).

Gravity 39.6 AP 30-32 AP 19-21 API
(Density)
Acidity (Total 0—10.3 0.03 -0.3 0.8—4.3
Acid Number)
Viscosity §Centistokes{cST) | 7—12 ST 201 5T
Sulfur Content | 0.3% - 0.5% 0.8% -1.3% 2.5% - 4.5%
Pipeline Afew degrees A few degrees | Upto 158F
Temperature | above soil above soil

temperature temperature
Pipeline Varies. Average Below 800 psi Up to 2160 psi
Pressure operatingpressure | onaverage. {Enbridge’sProposad

Morthern Gateway
diluted bitumen
pipeling)

Ahrasives

Mil

Unlknown

Refineries report
hundreds of pounds of
sediment per 1000
barrels of diluted

bitumen.






Pipeline conditions for diluted bitumen

* High pressure and pumping capacity
* High frictional temperature of pipeline
transmission

* Pressure variation due changes in viscosity
and temperature in pipeline





ldentifying reference crudes to
compare safety risks of Dilbit

Criteria for reference crudes:

1) Transported on significant pipeline facility
mileage,

2) Extended history on those pipeline facilities
and,

3) Significant volume share on those pipelines.





Problems with previously proposed
‘reference crudes’

* High volumes of Canadian ‘conventional’
heavy crudes recent development.

* Venezuelan and Mexican heavy crudes refined
at port of entry
— Crude import data shows characteristics of crude
refined in the U.S., not transported in pipelines.

* California heavy crude moved on small
pipeline network to onsite refineries





Problem with Canadian heavy crudes
as reference

e Canadian ‘conventional’ heavy crudes used in
Alberta Innovates Report do not have
significant history on U.S. pipelines system

— Bow River North
— Bow River South
— Lloyd Blend

— Fosterton

— Lloyd Kerrobert





Canadian crude imports to U.S. by API gravity

Source: U.S. Energy Information Administration





Canadian Export Pipeline Network

Source: Canadian Association of Petroleum Pipelines





Venezuela Crude 2012 Imports
Ports of entry and refining locations

Delaware City

Import and refining locations for
Venezuela crude in 2012

St Charles

Texas City
rrrrrrrrr





California heavy crudes moved on
relatively small pipeline network





California Heavy Crude Production and
Refining
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California pipeline failure rates by
temperature of operation

Incidents per 1000 mile years

0-69°F 70-99°F 100-129°F 130-159°F 160°F +

Incidents per 1000 mile years

Source: California State Fire Marshals, 1993





Temperature of Proposed Keystone XL

Source: TransCanada





California Heavy Crudes

e Concerns that have surfaced with studies of
California pipeline networks

— Direct correlation between pipeline temperature
and pipeline failure rates

— High failure rate for Fusion Bonded Epoxy (FBE)
coated pipelines

* FBE pipelines in study less than 10 years old but in the
highest temperature category

— Limited pipeline mileage for heavy crude





Conclusions regarding selection of
reference crudes

* NAS should compare diluted bitumen to crudes
historically moved in significant volumes on large
portions on the U.S. pipeline network

— E.g. West Texas Intermediate, Louisiana Sweet, Mars, Tia
Juana Light

* Crudes with properties similar to diluted bitumen
generally have not been moved on the U.S. pipeline
system in significant volumes until recently





Caution with comparison to Alberta
Pipeline system

The U.S. pipeline system is over 40 years old
on average.

The Alberta pipeline system is less than 20
years old on average.

Need to probe characteristics of data used

Difficult to isolate records of diluted bitumen
lines.

— Diluted bitumen is relatively new for large
transmission lines in both Canada and the U.S.





Interaction of threats to pipeline
Integrity

* Understanding the interaction of specific risk
factors for diluted bitumen

— Problems with identifying threats in isolation

* NTSB noted the Kalamazoo tar sands spill was due in
part to evaluating stress cracking and external corrosion
in isolation

— NAS should consider the interaction of threats on
pipeline integrity and materials — temperature,
viscosity, physical and chemical properties.





Specific concerns with diluted bitumen

Higher incidence of spills

 External Corrosion

— High pipeline temperature

 Stress corrosion cracking
— High Temperature
— Cyclic stress
— Corrosive media

* Internal corrosion
— Acidity issue*
— Sediment
— Abrasion (quantity and hardness of sediment)
— Microbiological Induced Corrosion (MIC)





Naphthenic Corrosion

* Refineries and crude oil transmission pipelines
are built to different standards.

— Refineries use corrosion resistant alloys

— Temperatures above 250 C create highly corrosive
environment

— Monitored for known, high risk of corrosion

* Carbon steel transmission pipelines are
vulnerable to a lower threat of corrosion.

— Diluted bitumen pipeline operate at higher
temperature than conventional crude pipelines





Low Temperature TAN Corrosion

Corrosion of carbon steel UNS G10100 in pure NA at different temperatures (70 minutes)

TAN Corrosion rate, mm/year
NATpE i€ KSIH At To’C | at 195°C | at 100°C

Cyclopentane carboxylic acid 216 436 105 30 9
Cyclohexane carboxylic acid 232 428 175 68 2
Cyclopentane acetic acid 234 416 188 176 3
Cyclohexane acetic acid 242 394 269 14 1
Cyclopentane propionic acid 252 392 205 6 2
Cyclohexane propionic acid 265 353 211 27 5
Cyclohexane butyric acid 270 327 403 67 2

Source: Low Temperature Naphthenic Acid Corrosion Study





Leak Detection Issues

Higher pressure variability

* Viscosity and temperature variation creates “noise” for
pressure/flow monitoring leak detection systems

* Relationship between temperature, viscosity and
pressure creates more pressure variation for high
viscosity crudes.





QUESTIONS






DILBIT

IMPERIAL OIL
DILBIT MATERIAL SAFETY DATA SHEET

Date Prepared: September 27,2002
Supersedes: September 20,1999
M.S.D.S Number: 11174
Reference: ERC

1. PRODUCT INFORMATION
NAME: DILBIT

SYNONYMS: 01.COLD LAKE BLEND
02.DILUTED BITUMEN
03.DILBIT COLD LAKE BLEND

DESCRIPTION AND APPLICATION:

A naturally occurring bitumen (high molecular weight hydrocarbon)
blended with a diluent (Natural Gas Condensate or Diluent).
Mixture is "sour" with approximately 3.5% sulphur by weight.

CAS# Not applicable

REGULATORY CLASSIFICATION:

WHMIS: Class B, Division 2: Flammable Liquids
Class D, Division 2, Subdivision A: Very Toxic Material

Canadian Environmental Protection Act (CEPA):
All components of this material are either on the Domestic
Substances List (DSL) or exempt

TDG Information (Land Only)
TDG SHIPPING NAME: Petroluem Crude Oil

Primary TDG: 3 P.I.N.: UN1267
Secondary TDG: Packing Group: Il
Tertiary TDG:

Marine Pollutant:

EMERGENCY TELEPHONE NUMBERS: Name of MFG/SUPPLIER:
IMPERIAL OIL
CRUDE OIL SUPPLY MKTG.

ADDRESS PHONE NUMBER:
Products Chemicals Div

Box 2480 Station M

Calgary, Alberta

T2P 3M9

(403) 237 -3883

HEALTH: (519) 339 - 2145
TRANSPORTATION: (519) 339 - 2145

2. REGULATED COMPONENTS

The following components are defined in accordance with subparagraph 13 (a).
(1) to (IV) or paragraph 14(a) of the hazardous product act.

COMPONENT % CAS#
BITUMEN 40-70 8052-42-4
LIGHT NAPHTHA 15-40 v/v 64741-46-4

NATURAL GAS CONDENSATE 15-40 v/v 64741-47-5

3. TYPICAL PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL STATE: Liquid

SPECIFIC GRAVITY: 0.9t0 1.2
ODOUR/APPEARANCE:

"Tarry" odour and associated smell of "rotten eggs" due to
hydrogen sulphide presence; black liquid
ODOUR THRESHOLD: Not Available

VAPOR PRESSURE: 12 to 21 kPa @ 24 deg C
VAPOUR DENSITY: Not Available
EVAPORATION RATE: Not Available
BOILING POINT: 34 deg C
FREEZING/MELTING POINT: -35 deg C
VISCOSITY: 52 to 96 centistokes @ 38 deg C
PH: Not Applicable

SOLUBILITY: insoluble

CO-EFFICIENT OF

WATER/OIL DISTRIBUTION: Not Available





DILBIT

PERCENT VOLATILE: 10 - 30%
MOLECULAR FORMULA: Not Applicable
MOLECULAR WEIGHT: Not Applicable

4. HEALTH HAZARD INFORMATION
NATURE OF HAZARD

INHALATION:

High vapour concentrations are irritating to the eyes, nose,

throat and lungs; may cause headaches and dizziness; may be
anesthetic and may cause other central nervous system effects,
including death.

Hydrogen sulphide gas may be released. Hydrogen sulphide may
cause irritation, breathing failure, coma and death, without
necessarily any warning odour being sensed.

Avoid breathing vapours or mists.

EYE CONTACT:
Irritating, but will not injure eye tissue.
Hot splashes will cause eye burns and permanent eye damage.

SKIN CONTACT:

Low toxicity. Will enter the body through the skin and

produce one or more toxic effects on the body.

Frequent or prolonged contact may irritate the skin and cause

a skin rash (dermatitis).

Exposure to hot material may cause thermal burns.

Benzene may be absorbed through damaged skin and may cause blood
or blood producing system disorder and/or damage.

INGESTION:
Low toxicity.

CHRONIC:

Contains polynuclear aromatic hydrocarbons (PNAs). Prolonged
and/or repeated skin contact with certain PNAs has been shown
to cause skin cancer. Prolonged and/or repeated exposures by
inhalation of certain PNAs may also cause cancer of the lung and
of other parts of the body.

Contains benzene. Human health studies (epidemiological)
indicate that prolonged and/or repeated overexposures to
benzene may cause damage to the blood producing system
(particularly the bone marrow) and serious blood disorders
including leukemia. Animal tests indicate that benzene does not
cause malformations but may be toxic to the embryo/fetus. The
relationship of the results to humans has not been established.
Studies indicate that benzene is a known human carcinogen.
Contains n—hexane. Prolonged and/or repeated exposures may
cause damage to the peripheral nervous system (e.g. fingers,
feet, arms etc.).

TOXICITY DATA:

Not available for product

OCCUPATIONAL EXPOSURE LIMITS

MANUFACTURER RECOMMENDS:

Although no specific hygiene standard exists, the workplace
exposures to total particulates should be controlled well

below a TWA value of 0.2 mg/m3 polynuclear aromatic hydrocarbon
particulates measured as benzene solubles.

ACGIH RECOMMENDS:

For Hydrogen Sulphide, 10 ppm (14 mg/m3).

For Benzene, the ACGIH recommends a TLV of 0.5 ppm (1.6 mg/m3),
and describes it as a confirmed human carcinogen.

For n—Hexane (skin), 50 ppm (176 mg/m3).

Local regulated limits may vary

5. FIRST AID MEASURES

INHALATION:

In emergency situations use proper respiratory protection to
immediately remove the affected victim from exposure.
Administer artificial respiration if breathing has stopped.
Keep at rest. Call for prompt medical attention.

EYE CONTACT:
Immediately flush eyes with large amounts of water for at
least I5 minutes. Get prompt medical attention.

SKIN CONTACT:

Immediately flush with large amounts of water. Use soap if
available. Remove contaminated clothing, including shoes,
after flushing has begun.

Get prompt medical attention.

For hot material, immediately immerse in or flush affected area
with large amounts of cold water to dissipate heat. Cover with
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clean cotton sheeting or gauze and get prompt medical attention.
For hot material, no attempt should be made to remove material
from skin or to remove contaminated clothing as the damaged
flesh may easily be torn. Transport individual to a medical
facility for treatment.

INGESTION:
If swallowed, DO NOT induce vomiting. Keep at rest. Get
prompt medical attention.

6. PREVENTIVE AND CORRECTIVE MEASURES

PERSONAL PROTECTION:

The selection of personal protective equipment varies,

depending upon conditions of use.

Where skin and eye contact is unlikely, but may occur as a

result of short and/or periodic exposures, wear long sleeves,
chemical resistant gloves, chemical safety goggles, plus a

face shield.

Where prolonged and/or repeated skin and eye contact is likely

to occur, wear chemical resistant gloves, rubber boots, a
chemical jacket, chemical safety goggles, and a face shield.
Where skin and eye contact with hot material is unlikely, but

may occur as a result of short and/or periodic exposures, wear
thermal resistant gloves, arm protection and a face shield.

Where concentrations in air may exceed the occupational exposure
limits given in Section 4 and where engineering, work practices

or other means of exposure reduction are not adequate, approved
respirators may be necessary to prevent overexposure by
inhalation.

ENGINEERING CONTROL:

The use of local exhaust ventilation is recommended to control
emissions near the source. Laboratory samples should be handled
in a fumehood. Provide mechanical ventilation of confined spaces.
Use explosion—proof ventilation equipment.

HANDLING, STORAGE AND SHIPPING:

Keep containers closed. Handle and open containers with care.
Store in a cool, well ventilated place away from incompatible
materials.

Empty containers may contain product residue. Do not
pressurize, cut, heat, or weld empty containers. Do not reuse
empty containers without commercial cleaning or
reconditioning.

Do not handle or store near an open flame, sources of heat, or
sources of ignition.

Material will accumulate static charges which may cause a
spark. Static charge build-up could become an ignition
source. Use proper grounding and bonding procedures.

SPILL CONTROL AND DISPOSAL:

Consult an expert on disposal of recovered material. Ensure
disposal is in compliance with government requirements and
ensure conformity to local disposal regulations. Notify the
appropriate authorities immediately. Take all additional action
necessary to prevent and remedy the adverse effects of the spill.

LAND SPILLS:

Eliminate sources of ignition. Keep public away. Prevent
additional discharge of material, if possible to do so without
hazard.

Vapours or dust may be harmful or fatal. Warn occupants of
downwind areas.

Prevent spills from entering sewers, watercourses or low areas.
Contain spilled liquid with sand or earth. Do not use
combustible materials such as sawdust.

Recover by pumping (use an explosion proof motor or hand pump)
or by using a suitable absorbent.

WATER SPILLS:

Keep public and other shipping traffic away. Prevent
additional discharge of material, if possible to do so without
hazard.

Eliminate all sources of ignition. Vapours or dust may be harmful
or fatal. Warn occupants and shipping in downwind areas.
Remove from surface by skimming or with suitable absorbents.
If allowed by local authorities and environmental agencies,
sinking and/or suitable dispersants may be used in unconfined
waters.

Product will submerge after a few days of weathering.

7. FIRE EXPLOSION HAZARD

Flashpoint and Method: < -18 deg C (CC)
Autoignition: Not Available
Flammable Limits (% volume): LEL: unknown  UEL: unknown

GENERAL HAZARDS:

Extremely flammable; material will readily ignite at normal
temperatures.

Flammable Liquid; may release vapours that form flammable
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mixtures at or above the flash point.

Decomposes; flammable/toxic gases will form at elevated
temperatures (thermal decomposition).

Toxic gases will form upon combustion.

FIREFIGHTING:

Use water spray to cool fire exposed surfaces and to protect
personnel. Shut off fuel to fire if possible to do so without
hazard. If aleak or spill has not ignited use water spray to
disperse the vapours.

Either allow fire to burn out under controlled conditions or
extinguish with foam or dry chemical. Try to cover liquid

spills with foam.

Respiratory and eye protection required for fire fighting
personnel.

A self-contained breathing apparatus (SCBA) should be used for
all indoor fires and any significant outdoor fires. For small
outdoor fires, which may easily be extinguished with a portable
fire extinguisher, use of an SCBA may not be required.

HAZARDOUS COMBUSTION PRODUCTS:

Oxides of carbon; hydrogen sulphide; oxides of sulphur

8. REACTIVITY DATA

This material is stable. ]
Hazardous Polymerization will not occur.

INCOMPATIBLE MATERIALS AND CONDITIONS TO AVOID:
Heat; ignition sources; oxidizing agents

HAZARDOUS DECOMPOSITION:
Oxides of carbon; hydrogen sulphide

9. NOTES

Equipment handling hydrogen sulphide rich materials can
accumulate black deposits of iron sulphide which, if dry, burn on
exposure to air.

Hazardous concentrations of Hydrogen Sulphide (H2S) gas may
build-up in the vapour space of storage tanks or vessels.
Appropriate precautions must be taken when opening or entering
vessels or other containers to avoid inhalation of H2S.

SECTION(S) 1, 4, 9, HAVE BEEN CHANGED SINCE THE LAST
REVISION TO MSDS

10. PREPARATION

Prepared by:Imperial Oil Limited
Industrial Hygiene and Product Safety
(416) — 968 — 4940

Date Prepared: September 27,2002
Supersedes Date: September 20,1999

CAUTION:The information contained herein relates only to this product or
material and may not be valid when used in combination with any other product
or material or in any process. If the product is not to be used for a purpose o
under conditions which are normal or reasonably foreseeable, this information
cannot be relied upon as complete or applicable. For greater certainty, uses
other than those described in section 1 must be reviewed with the supplier.

The information contained herein is based on the information available at the
indicated date of prepration. This MSDS is for the use of IMPERIAL OIL customer
and their employees and agents. Further distribution of this MSDS is prohibited
without the written consent by IMPERIAL OIL customers, suppliers or
transporters.

FOR FURTHER INFORMATION CONTACT TEL. NO. (416) 968-4940, IMPERIAL OIL,
INDUSTRIAL HYGIENE AND PRODUCT SAFETY

MSDS11174MC






Surmont Synbit

ConocoPhillips

Safety Data Sheet

ISection 1: Identification of the substance or mixture and of the supplier

Product Name: Surmont Synbit

SDS Number: 778591

MARPOL Annex | Category: Crude Oils

Intended Use: Refinery Feed

Manufacturer: ConocoPhillips Canada Limited or its Affiliates

PO Box 130, 401 9th Ave. SW
Calgary, Alberta T2P 2H7 Canada

Emergency Health and Safety Number: Chemtrec: 800-424-9300 (24 Hours)
CANUTEC (613) 996-6666

Customer Service: 403-233-4000

Technical Information: 403-233-4000

SDS Information: Phone: 855-244-0762

Email: SDS@conocophillips.com
URL: www.conocophillips.com

ISection 2: Hazard(s) Identification

Classification

H225 -- Flammable liquids -- Category 2

H304 -- Aspiration Hazard -- Category 1

H319 -- Eye damage/irritation -- Category 2

H332 -- Acute toxicity, Inhalation -- Category 4

H336 -- Specific target organ toxicity (single exposure) -- Category 3

H350 -- Carcinogenicity -- Category 1B

H373 -- Specific target organ toxicity (repeated exposure) -- Category 2
H411 -- Hazardous to the aquatic environment, chronic toxicity -- Category 2

Label Elements

SDHSE

DANGER

Highly flammable liquid and vapor. (H225)*

Causes serious eye irritation. (H319)*

May be fatal if swallowed and enters airways. (H304)*

Harmful if inhaled. (H332)*

May cause drowsiness or dizziness. (H336)*

May cause cancer. (H350)*

May cause damage to organs through prolonged or repeated exposure. (H373)*
Toxic to aquatic life with long lasting effects. (H411)*
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Precautionary Statement(s):

Obtain special instructions before use. (P201)*

Do not handle until all safety precautions have been read and understood. (P202)*

Keep away from heat/sparks/open flames/hot surfaces. - No smoking. (P210)*

Keep container tightly closed. (P233)*

Keep cool. (P235)*

Ground/bond container and receiving equipment. (P240)*

Use with explosion-proof equipment. (P241)*

Use only non-sparking tools. (P242)*

Take precautionary measures against static discharge. (P243)*

Do not breathe dust/fume/gas/mist/vapours/spray. (P260)*

Wash thoroughly after handling. (P264)*

Use only outdoors or in a well-ventilated area. (P271)*

Avoid release to the environment. (P273)*

Wear protective gloves / protective clothing / eye protection / face protection. (P280)*

IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for breathing. (P340)*
Call a POISON CENTER or doctor/physician if you feel unwell. (P312)*

IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing.
(P305+P351+P338%)

If eye irritation persists: Get medical advice/attention. (P313)*

IF SWALLOWED: Immediately call a POISON CENTER or doctor/physician. (P301+P310)*
Do NOT induce vomiting. (P331)*

In case of fire: Use dry chemical, carbon dioxide, or foam for extinction.(P370+P378)*
Collect spillage. (P391)*

Store in a well-ventilated place. Keep container tightly closed. (P403+P233)*

Store locked up. (P405)*

Dispose of contents/container to approved disposal facility. (P501)*

* (Applicable GHS hazard code.)

ISection 3: Composition / Information on Ingredients

Component CASRN Concentration?
Synthetic Crude 8002-05-9 40-60
Crude Oil (Petroleum) 8002-05-9 40-60
Naphthalene 91-20-3 <5
Benzene 71-43-2 <0.5

Total Sulfur: < 0.5 wt%

1 All concentrations are percent by weight unless ingredient is a gas. Gas concentrations are in percent by volume.

Synthetic crude is mixed with Surmont bitumen (crude oil) to allow ease of transport.

ISection 4: First Aid Measures

Eye Contact: For direct contact, remove contact lenses if present and easy to do. Immediately hold eyelids apart and flush the
affected eye(s) with clean water for at least 20 minutes. Seek immediate medical attention.

Skin Contact: Remove contaminated shoes and clothing and cleanse affected area(s) thoroughly by washing with mild soap and
water or a waterless hand cleaner. If irritation or redness develops and persists, seek medical attention.

Inhalation (Breathing): If respiratory symptoms or other symptoms of exposure develop, move victim away from source of
exposure and into fresh air in a position comfortable for breathing. If symptoms persist, seek immediate medical attention. If victim
is not breathing, clear airway and immediately begin artificial respiration. If breathing difficulties develop, oxygen should be
administered by qualified personnel. Seek immediate medical attention.

Ingestion (Swallowing): Aspiration hazard: Do not induce vomiting or give anything by mouth because this material can enter the
lungs and cause severe lung damage. If victim is drowsy or unconscious and vomiting, place on the left side with the head down. If
possible, do not leave victim unattended and observe closely for adequacy of breathing. Seek medical attention.
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Most important symptoms and effects
Acute: Headache, drowsiness, dizziness, loss of coordination, disorientation and fatigue.
Delayed: Dry skin and possible irritation with repeated or prolonged exposure.

Notes to Physician: Epinephrine and other sympathomimetic drugs may initiate cardiac arrhythmias in persons exposed to high
concentrations of hydrocarbon solvents (e.g., in enclosed spaces or with deliberate abuse). The use of other drugs with less
arrhythmogenic potential should be considered. If sympathomimetic drugs are administered, observe for the development of
cardiac arrhythmias.

Federal regulations (29 CFR 1910.1028) specify medical surveillance programs for certain exposures to benzene above the action
level or PEL (specified in Section (i)(1)(i) of the Standard). In addition, employees exposed in an emergency situation shall, as
described in Section (i)(4)(i), provide a urine sample at the end of the shift for measurement of urine phenol.

ISection 5: Fire-Fighting Measures

NFPA 704 Hazard Class

Health: 2 Flammability: 3 Instability: 0 (0-Minimal, 1-Slight, 2-Moderate, 3-Serious, 4-Severe)

Unusual Fire & Explosion Hazards: Highly Flammable. This material can be ignited by heat, sparks, flames, or other sources of
ignition (e.g., static electricity, pilot lights, mechanical/electrical equipment, and electronic devices such as cell phones, computers,
calculators, and pagers which have not been certified as intrinsically safe). Vapors may travel considerable distances to a source of
ignition where they can ignite, flash back, or explode. May create vapor/air explosion hazard indoors, in confined spaces, outdoors,
or in sewers. This product will float and can be reignited on surface water. Vapors are heavier than air and can accumulate in low
areas. If container is not properly cooled, it can rupture in the heat of a fire.

Extinguishing Media: Dry chemical, carbon dioxide, or foam is recommended. Water spray is recommended to cool or protect
exposed materials or structures. Carbon dioxide can displace oxygen. Use caution when applying carbon dioxide in confined
spaces. Simultaneous use of foam and water on the same surface is to be avoided as water destroys the foam. Water may be
ineffective for extinguishment, unless used under favorable conditions by experienced fire fighters.

Fire Fighting Instructions: For fires beyond the initial stage, emergency responders in the immediate hazard area should wear
protective clothing. When the potential chemical hazard is unknown, in enclosed or confined spaces, a self contained breathing
apparatus should be worn. In addition, wear other appropriate protective equipment as conditions warrant (see Section 8).

Isolate immediate hazard area and keep unauthorized personnel out. Stop spill/release if it can be done safely. Move undamaged
containers from immediate hazard area if it can be done safely. Water spray may be useful in minimizing or dispersing vapors and
to protect personnel. Cool equipment exposed to fire with water, if it can be done safely. Avoid spreading burning liquid with water
used for cooling purposes.

Hazardous Combustion Products: Combustion may yield smoke, carbon monoxide, and other products of incomplete
combustion. Oxides of nitrogen and sulfur may also be formed.

See Section 9 for Flammable Properties including Flash Point and Flammable (Explosive) Limits

ISection 6: Accidental Release Measures

Personal Precautions: Highly Flammable. Spillages of liquid product will create a fire hazard and may form an explosive
atmosphere. Keep all sources of ignition and hot metal surfaces away from spill/release if safe to do so. The use of explosion-proof
electrical equipment is recommended. Stay upwind and away from spill/release. Avoid direct contact with material. For large
spillages, notify persons down wind of the spill/release, isolate immediate hazard area and keep unauthorized personnel out. Wear
appropriate protective equipment, including respiratory protection, as conditions warrant (see Section 8). See Sections 2 and 7 for
additional information on hazards and precautionary measures.
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Environmental Precautions: Stop spill/release if it can be done safely. Prevent spilled material from entering sewers, storm
drains, other unauthorized drainage systems, and natural waterways. Use foam on spills to minimize vapors. Use water sparingly
to minimize environmental contamination and reduce disposal requirements. If spill occurs on water notify appropriate authorities
and advise shipping of any hazard. Spills into or upon navigable waters, the contiguous zone, or adjoining shorelines that cause a
sheen or discoloration on the surface of the water, may require notification of the National Response Center (phone number 800-
424-8802).

Methods for Containment and Clean-Up: Notify relevant authorities in accordance with all applicable regulations. Immediate
cleanup of any spill is recommended. Dike far ahead of spill for later recovery or disposal. Absorb spill with inert material such as
sand or vermiculite, and place in suitable container for disposal. If spilled on water remove with appropriate methods (e.g.
skimming, booms or absorbents). In case of soil contamination, remove contaminated soil for remediation or disposal, in
accordance with local regulations.

Recommended measures are based on the most likely spillage scenarios for this material; however local conditions and
regulations may influence or limit the choice of appropriate actions to be taken. See Section 13 for information on appropriate
disposal.

ISection 7: Handling and Storage

Precautions for safe handling: Keep away from ignition sources such as heat/sparks/open flame — No smoking. Take
precautionary measures against static discharge. Nonsparking tools should be used. Obtain special instructions before use. Do not
handle until all safety precautions have been read and understood. Do not breathe vapors or mists. Use only outdoors or in well-
ventilated area. Wear protective gloves/clothing and eye/face protection. Wash thoroughly after handling. Use good personal
hygiene practices and wear appropriate personal protective equipment (see section 8).

Flammable. May vaporize easily at ambient temperatures. The vapor is heavier than air and may create an explosive mixture of
vapor and air. Beware of accumulation in confined spaces and low lying areas. Open container slowly to relieve any pressure.
Electrostatic charge may accumulate and create a hazardous condition when handling or processing this material. To avoid fire or
explosion, dissipate static electricity during transfer by grounding and bonding containers and equipment before transferring
material. The use of explosion-proof electrical equipment is recommended and may be required (see appropriate fire codes).

Refer to NFPA-70 and/or APl RP 2003 for specific bonding/grounding requirements. Do not enter confined spaces such as tanks or
pits without following proper entry procedures such as ASTM D-4276 and 29CFR 1910.146. Do not wear contaminated clothing or
shoes. Keep contaminated clothing away from sources of ignition such as sparks or open flames.

Conditions for safe storage: This material may contain or release poisonous hydrogen sulfide gas. In a tank, barge, or other
closed container, the vapor space above this material may accumulate hazardous concentrations of hydrogen sulfide. Check
atmosphere for oxygen content, H2S, and flammability prior to entry. Keep container(s) tightly closed and properly labeled. Use
and store this material in cool, dry, well-ventilated areas away from heat, direct sunlight, hot metal surfaces, and all sources of
ignition. Store only in approved containers. Post area "No Smoking or Open Flame." Keep away from any incompatible material
(see Section 10). Protect container(s) against physical damage. Outdoor or detached storage is preferred. Indoor storage should
meet OSHA standards and appropriate fire codes.

"Empty" containers retain residue and may be dangerous. Do not pressurize, cut, weld, braze, solder, drill, grind, or expose such
containers to heat, flame, sparks, or other sources of ignition. They may explode and cause injury or death. "Empty" drums should
be completely drained, properly bunged, and promptly shipped to the supplier or a drum reconditioner. All containers should be
disposed of in an environmentally safe manner and in accordance with governmental regulations. Before working on or in tanks
which contain or have contained this material, refer to OSHA regulations, ANSI Z49.1, and other references pertaining to cleaning,
repairing, welding, or other contemplated operations.

ISection 8: Exposure Controls / Personal Protection

Component ACGIH OSHA Other

Synthetic Crude TWA:100 mg/m” - 8 hr.
ConocoPhillips

(ConocoPhillips Guidelines)

Crude Oil (Petroleum) TWA:100 mg/m® - 8 hr
(ConocoPhillips Guidelines)
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TWA: 10 ppm : 50 mg/m® TWA: 0.2 mg/m" (as total of
17 PNA"s measured by
NIOSH Method 5506)

(ConocoPhillips Guidelines)

STEL: 15 ppm
TWA: 10 ppm
2 ppm TWA; skin; A3 -
confirmed animal carcinogen
with unknown relevance to
humans; TLV basis: upper
respiratory tract irritation
Skin
STEL: 2.5 ppm Ceiling: 25 ppm -
TWA: 0.5 ppm STEL: 5 ppm
Skin TWA: 10 ppm TWA: 1 ppm
Note: State, local or other agencies or advisory groups may have established more stringent limits. Consult an industrial
hygienist or similar professional, or your local agencies, for further information.

Naphthalene

Benzene

Engineering controls: If current ventilation practices are not adequate to maintain airborne concentrations below the established
exposure limits, additional engineering controls may be required.

Eye/Face Protection: The use of eye protection (such as splash goggles) that meets or exceeds ANSI Z.87.1 is recommended
when there is potential liquid contact to the eye. Depending on conditions of use, a face shield may be necessary.

Skin/Hand Protection: The use of gloves impervious to the specific material handled is advised to prevent skin contact. Users
should check with manufacturers to confirm the breakthrough performance of their products. Nitrile

Respiratory Protection: Where there is potential for airborne exposure above the exposure limit a NIOSH certified air purifying
respirator equipped with organic vapor cartridges/canisters may be used.

A respiratory protection program that meets or is equivalent to OSHA 29 CFR 1910.134 and ANSI Z88.2 should be followed
whenever workplace conditions warrant a respirator's use. Air purifying respirators provide limited protection and cannot be used in
atmospheres that exceed the maximum use concentration (as directed by regulation or the manufacturer's instructions), in oxygen
deficient (less than 19.5 percent oxygen) situations, or under conditions that are immediately dangerous to life and health (IDLH).

If benzene concentrations equal or exceed applicable exposure limits, OSHA requirements for personal protective equipment,

exposure monitoring, and training may apply (29CFR1910.1028 - Benzene).

Suggestions provided in this section for exposure control and specific types of protective equipment are based on
readily available information. Users should consult with the specific manufacturer to confirm the performance of their
protective equipment. Specific situations may require consultation with industrial hygiene, safety, or engineering

professionals.

ISection 9: Physical and Chemical Properties

Note: Unless otherwise stated, values are determined at 20°C (68°F) and 760 mm Hg (1 atm). Data represent typical values and

are not intended to be specifications.

Appearance: Dark brown
Physical Form: Liquid

Odor: Petroleum
Odor Threshold: No data

pH: Not applicable

Vapor Pressure:
Vapor Density (air=1):
Initial Boiling Point/Range:

1.3 psi/ 9.0kPa @ 104°F / 40°C

>1

140 - 662 °F / 60 - 350 °C

Melting/Freezing Point: -44 °F | -42 °C
Solubility in Water: Insoluble
Partition Coefficient (n-octanol/water) (Kow): No data

Specific Gravity (water=1): 0.94 @ 60°F (15.6°C)

223.13 cSt @ 15°C; 53.138 cSt @ 40°C

Viscosity:

Evaporation Rate (nBuAc=1):
Flash Point:

Test Method:

Lower Explosive Limits (vol % in air):
Upper Explosive Limits (vol % in air):

Auto-ignition Temperature:

No data

54 °F [ 12 °C
Tag Closed Cup (TCC), ASTM D56

0.6
15.0

752 °F [ 400 °C
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ISection 10: Stability and Reactivity

Stability: Stable under normal ambient and anticipated conditions of use.

Conditions to Avoid: Avoid high temperatures and all sources of ignition. Prevent vapor accumulation.

Materials to Avoid (Incompatible Materials): Avoid contact with strong oxidizing agents and strong reducing agents.
Hazardous Decomposition Products: Not anticipated under normal conditions of use.

Hazardous Polymerization: Not known to occur.

ISection 11: Toxicological Information

Information on Toxicological Effects of Substance/Mixture

Acute Toxicity Hazard Additional Information LC50/LD50 Data
Inhalation Harmful if inhaled 4.3 mg/L (vapor,
estimated)
Skin Absorption Unlikely to be harmful > 2 g/kg (estimated)
Ingestion (Swallowing) Unlikely to be harmful > 5 g/kg (estimated)

Aspiration Hazard: May be fatal if swallowed and enters airways.
Skin Corrosion/Irritation: Causes mild skin irritation. Repeated exposure may cause skin dryness or cracking.
Serious Eye Damage/Irritation: Causes serious eye irritation.

Signs and Symptoms: Effects of overexposure may include irritation of the respiratory tract, irritation of the digestive tract,
nausea, vomiting, diarrhea and signs of nervous system depression (e.g., headache, drowsiness, dizziness, loss of
coordination, disorientation and fatigue).

Skin Sensitization: Not expected to be a skin sensitizer.
Respiratory Sensitization: No information available.
Specific Target Organ Toxicity (Single Exposure): May cause drowsiness and dizziness.

Specific Target Organ Toxicity (Repeated Exposure): May cause damage to organs through prolonged or repeated
exposure. Laboratory animal studies of crude oil by the dermal and inhalation exposure routes have demonstrated toxicity to
the liver, blood, spleen and thymus

Carcinogenicity: May cause cancer. Chronic application of crude oil to mouse skin resulted in an increased incidence of skin
tumors. IARC concluded in its Crude Oil Monograph that there is limited evidence of carcinogenicity in animals, and that crude
oil is not classifiable as to its carcinogenicity in humans (Group 3). It has not been listed as a carcinogen by NTP or OSHA.

Germ Cell Mutagenicity: Inadequate information available.

Reproductive Toxicity: Inadequate information available. Dermal exposure to crude oil during pregnancy resulted in limited
evidence of developmental toxicity in laboratory animals. Decreased fetal weight and increased resorptions were noted at
maternally toxic doses. No significant effects on pup growth or other developmental landmarks were observed postnatally.

Other Comments: This material may contain varying concentrations of polycyclic aromatic hydrocarbons (PAHs) which have
been known to produce a phototoxic reaction when contaminated skin is exposed to sunlight. The effect is similar in
appearance to an exaggerated sunburn, and is temporary in duration if exposure is discontinued. Continued exposure to
sunlight can result in more serious skin problems including pigmentation (discoloration), skin eruptions (pimples), and possible
skin cancers.
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Information on Toxicological Effects of Components
Naphthalene
Carcinogenicity: Naphthalene has been evaluated in two year inhalation studies in both rats and mice. The US National
Toxicology Program (NTP) concluded that there is clear evidence of carcinogenicity in male and female rats based on
increased incidences of respiratory epithelial adenomas and olfactory epithelial neuroblastomas of the nose. NTP found some
evidence of carcinogenicity in female mice (alveolar adenomas) and no evidence of carcinogenicity in male mice. Naphthalene
has been identified as a carcinogen by IARC and NTP.
Toluene
Carcinogenicity: Exposure of rats and mice to toluene at concentrations ranging from 120-1200 ppm for two years did not
demonstrate evidence of carcinogenicity. Toluene has not been listed as a carcinogen by IARC.
Target Organs: Epidemiology studies suggest that chronic occupational overexposure to toluene may damage color vision.
Subchronic and chronic inhalation studies with toluene produced kidney and liver damage, hearing loss and central nervous
system (brain) damage in laboratory animals. Intentional misuse by deliberate inhalation of high concentrations of toluene has
been shown to cause liver, kidney, and central nervous system damage, including hearing loss and visual disturbances.
Reproductive Toxicity: Exposure to toluene during pregnancy has demonstrated limited evidence of developmental toxicity in
laboratory animals. Decreased fetal body weight and increased skeletal variations in both inhalation and oral studies, but only
at doses that were maternally toxic. No fetal toxicity was seen at doses that were not maternally toxic. Decreased sperm
counts have been observed in male rats in the absence of a reduction in fertility. Toluene has been reported to cause mental
or growth retardation in the children of solvent abusers who directly inhale toluene during pregnancy.
Xylenes
Target Organs: Rats exposed to xylenes at 800, 1000 or 1200 ppm 14 hours daily for 6 weeks demonstrated high frequency
hearing loss. Another study in rats exposed to 1800 ppm 8 hours daily for 5 days demonstrated middle frequency hearing loss.
Reproductive Toxicity: Both mixed xylenes and the individual isomers produced limited evidence of developmental toxicity in
laboratory animals. Inhalation and oral administration of xylene resulted in decreased fetal weight, increased incidences of
delayed ossification, skeletal variations and resorptions, but no evidence of teratogenicity.
Benzene
Carcinogenicity: Benzene is an animal carcinogen and is known to produce acute myelogenous leukemia (a form of cancer)
in humans. Benzene has been identified as a human carcinogen by IARC, the US National Toxicology Program and the US-
Occupational Safety and Health Administration.
Target Organs: Prolonged or repeated exposures to benzene vapors can cause damage to the blood and blood forming
organs, including disorders like leukopenia, thrombocytopenia, and aplastic anemia.
Reproductive Toxicity: Some studies in occupationally exposed women have suggested benzene exposure increased risk of
miscarriage and stillbirth and decreased birth weight and gestational age. The size of the effects detected in these studies was
small, and ascertainment of exposure and outcome in some cases relied on self-reports, which may limit the reliability of these
results.
Germ Cell Mutagenicity: Benzene exposure has resulted in chromosomal aberrations in human lymphocytes and animal
bone marrow cells. Exposure has also been associated with chromosomal aberrations in sperm cells in human and animal
studies.
Ethyl Benzene
Carcinogenicity: Rats and mice exposed to 0, 75, 250, or 750 ppm ethyl benzene in a two year inhalation study
demonstrated limited evidence of kidney, liver, and lung cancer. Ethyl benzene has been listed as a possible human
carcinogen by IARC.
Target Organs: In rats and mice exposed to 0, 75, 250, or 750 ppm ethyl benzene in a two year inhalation study there was
mild damage to the kidney (tubular hyperplasia), liver (eosinophilio foci, hypertrophy, necrosis), lung (alveolar epithelium
metaplasia), thyroid (hyperplasia), thyroid (hyperplasia) and pituitary (hyperplasia). In animal models (particularly rats), ethyl
benzene affects the auditory function mainly in the cochlear mid-frequency range and ototoxicity was observed after combined
exposure to noise and ethyl benzene. There is no evidence of either ethyl benzene-induced hearing losses or ototoxicity with
combined exposure to ethyl benzene and noise in workers.

ISection 12: Ecological Information

Toxicity: Experimental studies of acute aquatic toxicity show values for crude oil in the range of 2 to over 100 mg/L. These values
are consistent with the predicted aquatic toxicity of these substances based on their hydrocarbon compositions. Crude oil should
be regarded as harmful to aquatic organisms, with the potential to cause long term adverse effects in the aquatic environment.
Classification: H411; Chronic Cat 2.

Persistence and Degradability: Most crude oils are not regarded as readily biodegradable. Most of the non-volatile constituents
are inherently biodegradable; some of the highest molecular weight components are persistent in water.

Persistence per IOPC Fund definition: Persistent
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Bioaccumulative Potential: Log Kow values measured for the hydrocarbon components of this material range from less than 2 to
greater than 6, and therefore would be regarded as having the potential to bioaccumulate.

Mobility in Soil: Crude oil spreads as a film on the surface of water, facilitating loss of its lighter components by volatilization. In
air, the volatile hydrocarbons undergo photodegradation by reaction with hydroxyl radicals with half-lives varying from 0.5 days for
n-dodecane to 6.5 days for benzene. The lower molecular weight aromatic hydrocarbons and some polar compounds have low but
significant water solubility. Some higher molecular weight compounds are removed by emulsification and these also slowly
biodegrade; others adsorb to sediment and sink. A further removal process from water involving the heavier fraction is
agglomeration to form tars, some of which sink.

Other Adverse Effects: None anticipated.

ISection 13: Disposal Considerations

The generator of a waste is always responsible for making proper hazardous waste determinations and needs to consider state
and local requirements in addition to federal regulations.

This material, if discarded as produced, would not be a federally regulated RCRA "listed" hazardous waste. However, it would
likely be identified as a federally regulated RCRA hazardous waste for the following characteristic(s) shown below. See Sections 7
and 8 for information on handling, storage and personal protection and Section 9 for physical/chemical properties. It is possible
that the material as produced contains constituents which are not required to be listed in the MSDS but could affect the hazardous
waste determination. Additionally, use which results in chemical or physical change of this material could subject it to regulation as
a hazardous waste.

Container contents should be completely used and containers should be emptied prior to discard. Container residues and rinseates
could be considered to be hazardous wastes.

EPA Waste Number(s)
» D001 - Ignitability characteristic
» D018 - Toxicity characteristic (Benzene)

ISection 14: Transport Information

Canadian (TDG)

Shipping Description: UN1267, Petroleum crude oil, 3, Il
Small Means of Containment
Package Marking: UN1267, Petroleum crude oil
Package Labeling: Class 3, Flammable liquids
Large Means of Containment
Package Placard/Marking: Flammable liquids / 1267
ERAP Index: None
Emergency Response Guide: 128
Note: If this material meets the TDG definition of a Marine Pollutant, the Marine Pollutant

notation and/or Marine Pollutant Mark may be required on the shipment.

Marine Pollutant Mark not required on small means of containment if shipment is by
road or railway vehicle on aroll-on roll-off ship or if container quantity is less than 5
L liquid or 5 kg solid.

Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC Code: Not
applicable

U.S. Department of Transportation (DOT)

Shipping Description: Aquatic toxicity studies indicate this material may be classified as a Marine Pollutant
under IMDG Code. Itis not currently regulated as a marine pollutant by the USDOT.
If there is not a Shipping Description or other DOT marking, labeling, placarding and
packaging references shown in this section, it is not regulated as a hazardous
material by the USDOT.

UN1267, Petroleum crude oil, 3, Il
Non-Bulk Package Marking: Petroleum crude oil, UN1267
Non-Bulk Package Labeling: Flammable liquid
Bulk Package/Placard Marking: Flammable / 1267
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Packaging - References: 49 CFR 173.150; 173.202; 173.242
(Exceptions; Non-bulk; Bulk)
Hazardous Substance: See Section 15 for RQ's
Emergency Response Guide: 128
Note: Container(s) greater than 5 liters (liquids) or 5 kilograms (solids), shipped by water

mode and ALL bulk shipments may require the shipping description to contain the
"Marine Pollutant” notation [49 CFR 172.203(l)] and the container(s) to display the
[Marine Pollutant Mark] [49 CFR 172.322].

International Maritime Dangerous Goods (IMDG)

Shipping Description: UN1267, Petroleum crude oil, 3, I, ( FP° C cc), [where FP is the material's flash point in
degrees Celsius closed cup] ,; Marine Pollutant

Non-Bulk Package Marking: Petroleum crude oil, UN1267 , [Marine Pollutant Mark]

Labels: Flammable liquid

Placards/Marking (Bulk): Flammable / 1267

Packaging - Non-Bulk: PO01

EMS: F-E, S-E

Note: If transported in bulk by marine vessel in international waters, product is being

carried under the scope of MARPOL Annex .
Note: Marine Pollutant Mark not required if container is <5 L or 5 kg

International Civil Aviation Org. / International Air Transport Assoc. (ICAO/IATA)

UN/ID #: UN1267
Proper Shipping Name: Petroleum crude oil
Hazard Class/Division: 3
Packing Group: Il
Non-Bulk Package Marking: Petroleum crude oil, UN1267 , [Environmentally Hazardous Substance Mark] (If > 5L
container)
Labels: Flammable liquid
ERG Code: 3L
LTD. QTY Passenger Aircraft Cargo Aircraft Only
Packaging Instruction #: Y341 353 364
Max. Net Qty. Per Package: 1L 5L 60 L

ISection 15: Regulatory Information

CERCLA/SARA - Section 302 Extremely Hazardous Substances and TPQs (in pounds):
This material does not contain any chemicals subject to the reporting requirements of SARA 302 and 40 CFR 372.

CERCLA/SARA - Section 311/312 (Title Ill Hazard Categories)

Acute Health: Yes
Chronic Health: Yes
Fire Hazard: Yes
Pressure Hazard: No
Reactive Hazard: No

CERCLA/SARA - Section 313 and 40 CFR 372:
This material contains the following chemicals subject to the reporting requirements of Section 313 of SARA Title Il and 40 CFR
372:

Component Concentration? de minimis
Naphthalene <5 0.1%
Toluene <2 1.0%
Xylenes <2 1.0%
Benzene <0.5 0.1%
Ethyl Benzene <0.5 0.1%

EPA (CERCLA) Reportable Quantity (in pounds):
EPA's Petroleum Exclusion applies to this material - (CERCLA 101(14)).
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California Proposition 65:

Warning: This material may contain detectable quantities of the following chemicals, known to the State of California to cause
cancer, birth defects or other reproductive harm, and which may be subject to the warning requirements of California Proposition
65 (CA Health & Safety Code Section 25249.5):

Component Type of Toxicity
Naphthalene Cancer
Toluene Developmental Toxicant
Female Reproductive Toxicant
Benzene Cancer

Developmental Toxicant
Male Reproductive Toxicant
Ethyl Benzene Cancer
Various Polycyclic Aromatic Hydrocarbons Skin Cancer
International Hazard Classification

Canada:
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and the
MSDS contains all the information required by the Regulations.

WHMIS Hazard Class:
B2 - Flammable Liquids
D2A
D2B

National Chemical Inventories
All components are either listed on the US TSCA Inventory, or are not regulated under TSCA
All components are either on the DSL, or are exempt from DSL listing requirements

U.S. Export Control Classification Number: EAR99

ISection 16: Other Information

Date of Issue: 03-Apr-2012
Status: FINAL
Previous Issue Date: 05-Mar-2012
Revised Sections or Basis for Revision: Format change

Identified Hazards (Section 2)

Toxicological (Section 11)

Environmental hazards (Section 12)

MARPOL information (Sections 1, 3 and 12)
SDS Number: 778591

Guide to Abbreviations:

ACGIH = American Conference of Governmental Industrial Hygienists; CASRN = Chemical Abstracts Service Registry Number; CEILING = Ceiling
Limit (15 minutes); CERCLA = The Comprehensive Environmental Response, Compensation, and Liability Act; EPA = Environmental Protection
Agency; GHS = Globally Harmonized System; IARC = International Agency for Research on Cancer; INSHT = National Institute for Health and
Safety at Work; IOPC = International Oil Pollution Compensation; LEL = Lower Explosive Limit; NE = Not Established; NFPA = National Fire
Protection Association; NTP = National Toxicology Program; OSHA = Occupational Safety and Health Administration; PEL = Permissible Exposure
Limit (OSHA); SARA = Superfund Amendments and Reauthorization Act; STEL = Short Term Exposure Limit (15 minutes); TLV = Threshold Limit
Value (ACGIH); TWA = Time Weighted Average (8 hours); UEL = Upper Explosive Limit; WHMIS = Worker Hazardous Materials Information
System (Canada)

Disclaimer of Expressed and implied Warranties:

The information presented in this Material Safety Data Sheet is based on data believed to be accurate as of the date this Material Safety Data
Sheet was prepared. HOWEVER, NO WARRANTY OF MERCHANTABILITY, FITNESS FOR ANY PARTICULAR PURPOSE, OR ANY OTHER
WARRANTY IS EXPRESSED OR IS TO BE IMPLIED REGARDING THE ACCURACY OR COMPLETENESS OF THE INFORMATION
PROVIDED ABOVE, THE RESULTS TO BE OBTAINED FROM THE USE OF THIS INFORMATION OR THE PRODUCT, THE SAFETY OF THIS
PRODUCT, OR THE HAZARDS RELATED TO ITS USE. No responsibility is assumed for any damage or injury resulting from abnormal use or
from any failure to adhere to recommended practices. The information provided above, and the product, are furnished on the condition that the
person receiving them shall make their own determination as to the suitability of the product for their particular purpose and on the condition that
they assume the risk of their use. In addition, no authorization is given nor implied to practice any patented invention without a license.
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Introduction

The purpose of this Source Water Protection Guide is to help community water systems
safeguard their surface water supplies. This guide was produced as part of Maine's
Source Water Assessment Program (SWAP) in order to help surface water systems
move from source water assessment to source water protection. This guide is intended
to help small utilities manage and minimize risks identified by SWAP by focusing on the

watershed causes of specific water quality problems.

The organization of the guide is circular in nature, with each section cross-referencing
the others. Items in bold refer the reader to other pages of the manual. If you are
having a specific water quality problem, you can go directly to that section (green) to find
out about the problem and specific short-term solutions and treatment options. Also
listed are the larger watershed-scale activities that can cause the various water quality
impairments (yellow) and the long-term solutions to the watershed issues (blue). This
guide focuses on source water protection, so these watershed sources and their
management are emphasized.





What is Source Water Protection?

Source Water Protection is the process of managing activities in the watershed of a
water supply to minimize adverse effects on water quality, as opposed to managing
water quality by treatment technologies. Over a period of years, source water protection
will generate savings by avoiding costs of additional water treatment or supply
development. It is much easier and less costly to protect water quality than it is to
restore water quality, and in many cases water quality is impossible to restore once it
has been degraded.

Public water systems are legally mandated to deliver safe, dependable water to
consumers. Minimizing health risks requires that the source water be as clean as
possible. Activities in the watershed that threaten water quality take many forms, yet
managing these watershed activities is a critical part of minimizing health risks. Source
Water Protection means that each public water system has a plan to inventory the
watershed and a strategy to respond to problems that affect water quality.

In 2002 the Maine Drinking Water Program will complete the first phase of the SWAP,
which will provide an inventory of potential risks in the watershed of each surface water
supply. The inventory process is the necessary first stage of a Source Water Protection
program. Chemical analyses of source water quality, quantity measurements (storage
and delivery) and observations of the physical state of the source are needed to
complete the assessment phase. A Source Water Protection program can be initiated
just by using the SWAP inventory, utility-generated data, and this guidance manual.

This guide, like any other reference book, is intended to provide information about
specific problems and to guide response. Some issues will require additional guidance
from the Drinking Water Program and technical assistance from consultants. For this

reason, references and resources are provided wherever possible.





Getting Started

The following quiz asks questions about the water supply. This information is necessary

to understand water quality problems and develop a source water protection plan.

10.

11.

12.
13.
14.

15.
16.
17.

Watershed Quiz

What is the surface area of the source pond, lake, or impoundment?

What is the watershed area of the source pond, lake, or stream?

How much water is withdrawn on an average day? Average year? Are there
seasonal changes in demand (for example, increased water use in summer)?
Are there any anticipated increases or decreases in demand? (For example, new
schools or factory closings)?

How many inlets and/or outlets does the pond or lake have? Are there other
ponds or lakes upstream? If the source is a stream or river, are there many
tributaries upstream?

How much of the watershed is covered by wetlands?

How much of the watershed is covered by steep slopes and/or erodible soils?
What are the physical characteristics of the supply (lake or impoundment volume,
maximum depth, average depth, water residence time, safe yield)?

Does the lake or pond stratify during the summer? How deep?

Do you monitor for nutrients? Is there a volunteer water quality monitor through
the State Volunteer Lake Monitoring (VLMP) or Stream Teams programs or other
regional organization?

Do you have algae problems? Do they only occur at certain times of the year or
only some years?

Do you have problems with disinfection by-products in the distribution system?
Do you have problems with turbidity levels?

Are organisms such as total coliforms, E. coli, Cryptosporidium, or Giardia
present or abundant?

Are wildlife such as beavers, geese, and deer a nuisance?

How much livestock are in the watershed (dairy farms, horse farms, etc.)?

How much of the watershed is covered by farms, forests, suburban or urban
development, roads?





18. What are the permitted land uses and zoning in the watershed? (For example,
resource protection, erosion control, commercial, residential zones).
19. What land protection ordinances exist in the watershed? Does the town or towns

have an active comprehensive plan?

The following resources will help you complete the answers to the quiz:

Maps

United States Geological Survey (USGS) topographic maps, available at libraries,
outdoor stores, from the USGS, and from the Maine Geological Survey. 287-2801
www.state.me.us/doc/nrimc/mgs/mgs.htm

SWAP maps and reports from the Maine Drinking Water Program.
Town tax and zoning maps, from your town office.
National Wetlands Inventory maps delineate wetlands greater than one acre.

www.nwi.fws.gov/ or from the USGS/Earth Science Information Center at 703-648-5920
or 888-275-8747 and from the Maine Geological Survey.

Soils maps and information from Natural Resource Conservation Service Soil Surveys,
available at libraries, from the United States Department of Agriculture (USDA) office in

Bangor at 564-2321, and your local Soil and Water Conservation District (see Resources
in Appendix B).

Watershed maps and information are available from the Maine Department of
Environmental Protection (DEP).

Other Watershed Information

Town comprehensive plans and zoning ordinances.

State Planning Office 287-3261 or 800-662-4545 www.state.me.us/spo

Watershed organizations (see Appendix B).

Technical Assistance

Drinking Water Program 287-2070
www.state.me.us/dhs/eng/water/index.html

Maine Water Utilities Association 832-2263
WWW.mwua.org

Maine Rural Water Association 729-6569
WwWw.mainerwa.orgq






Source Water Monitoring

Many of the questions in the Watershed Quiz can only be answered by monitoring the
raw water. For many small surface water supplies, minimal financial or staff resources
limit the amount of raw water monitoring that can be done. Watershed groups, lake
associations, and schools can help with monitoring. A monitoring plan that involves
other stakeholders in the watershed will contribute to community awareness of water
guality issues. An effective monitoring program must be able to determine sources and
relative importance of parameters of concern, while taking into account seasonal and
annual variations and the operational flexibility of the supply system. Adjust the basic
monitoring plan shown on the next page based on your specific needs. Consistency is
important! Establish sampling locations (for example, above intake, at deep hole, or at
major tributaries) and always sample from the same locations at roughly the same time
of day at regular intervals. Monitoring data should be recorded and organized in order to
track trends over time. Identifying the seasonality of problems (when they occur and
how often) is useful for locating their possible sources in the watershed and selecting
treatment options.

Resources

The Volunteer Lake Monitoring Program, with the DEP, provides training for water
guality monitoring. It is recommended that the staff member or volunteer who conducts
water quality sampling for the public water system becomes certified through the VLMP.
Contact the VLMP at 225-2070 or www.state.me.us/dep/blwg/doclake/vm.htm

For detailed sampling procedures, see the Instruction Manual for Baseline Water Quality
Sampling available from DEP at www.state.me.us/dep/blwg/doclake/baselinb.pdf or by
calling 287-3901.

PEARL, the Maine Lakes Database, contains water quality and monitoring information
on lakes and ponds in the state. http://pearl.spatial.maine.edu/

Volunteer Lake Monitoring (EPA440-4-91-002) www.epa.gov/volunteer/lake/index.html
Order from the National Technical Information Service (www.ntis.gov) 800-553-6847

Volunteer Stream Monitoring (EPA 841-B-97-003)

Order from the National Service Center for Environmental Publications 800-490-9198
www.epa.gov/cgi-bin/claritgw?op-Display&document=clserv:epa-
cin9:184:&rank=1&template=epa

Contact the State Testing Laboratory for information on analysis and other certified
laboratories at 287-2727 or www.state.me.us/dhs/etl/homepage.htm






RECOMMENDED WATER QUALITY MONITORING PLAN

Parameter Sampling Frequency Sampling location SWAP Risk Ranking*
Low Moderate Significant

Turbidity At least weekly Intake/Treatment Plant <1NTU <5NTU >5NTU

Transparency Every two weeks Deep holes, coves > 8 meters 4-8 meters < 4 meters
April-October

Total Phosphorus Every two weeks Intake, tributaries <10 ppb <20 ppb > 30 ppb
April-October

Chlorophyll-a Every two weeks Intake, tributaries <2 ppb 2-6 ppb > 6 ppb
April-October

Dissolved oxygen/ Profiles once per month | Every meter at deep hole(s) | > 7 mg/L 5-7 mg/L <5 mg/L

Depth April-October

Temperature Profiles once per month | Every meter at deep hole(s) | ambient >10°C
April-October

pH At the same time as Intake 6.58.5 <6.50r>85
other parameters

Total organic carbon | 4 times per year Intake <4 mg/L 4-8 mg/L > 8 mg/L

Color With turbidity Intake <5 5-15 > 15

Pesticides/ Depends on land use Intake, tributaries absent detected

herbicides

VOCs Depends on land use Intake, tributaries absent detected

Total Coliform/ Depends on treatment, Deep holes, access points < 29/100mL | occasional | > 142/100mL

E. coli public access

Phytoplankton/ Once per month Same as transparency N/A N/A N/A

Zooplankton

Alkalinity Once per month Intake N/A N/A N/A

Conductivity Every two weeks Same as transparency N/A N/A N/A
April-October

Water level” and flow | Weekly At dam, from intake, or N/A N/A N/A

stilling well

*from Maine Public Drinking Water Source Water Assessment Program, Drinking Water Program,
Maine Department of Human Services.

'How to measure water levels: Install a staff gauge at an accessible spot, and tie its location to a

fixed point or surveyed vertical benchmark (marked on topographic maps). Water levels can
also be measured by installing a pipe or staff gauge from the intake or inside a stilling well or
clear well. Measuring from a stilling well is ideal because currents and wave action will not

obscure the water level, however measurements can only be taken when pumping has stopped.

Another option is solar-or radio-powered transmitters available from various environmental,
scientific, and forestry supply companies. These transmitters can be tied directly to a computer
database. If the water system is installing a new dam or intake, have a stilling well installed to
monitor water levels. Use of a boulder or rock as a reference point is less desirable because
rocks can move; a bedrock ledge or concrete dam wall is better.





Problems with the Nature of the Water Supply and Raw Water Quality

Many surface water supplies have natural characteristics that create challenges during
treatment and distribution. For example, ponds that receive drainage from large areas of
surrounding wetlands can be naturally highly colored from organic matter loading. The
organic matter can combine with chlorine during treatment to form disinfection by-

products.

When water quality problems are inherent in the nature of the supply, and not the result
of human activities in the watershed, most solutions must be applied during the
treatment process. While this guide is emphasizing source water protection, several
common water supply problems and treatment options will be addressed here.

Problems with raw water quality, which are sometimes symptoms of larger issues, are
the first noticeable sign of potentially damaging activities in the surrounding watershed.
The following pages list common water quality problems and short-term solutions.
Possible watershed sources of the problem(s) and long-term solutions are also listed.
Refer to the corresponding sections for more detail on watershed sources (yellow) and
solutions (blue).

While treatment-based solutions exist for many of these problems, locating and abating
their sources in the watershed is the most effective and least expensive long-term

solution.

The key to reducing most of these problems is the details. What is the exact nature of
the problem? When is the problem most acute? How often does the problem occur? All
of these questions are intended to provide clues to what in the watershed might be

causing the problem.
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Low Dissolved Oxygen

Chemical and biological processes, such as organic matter decomposition and plant
and animal respiration, modify the amount of oxygen in lakes and rivers. The bottom
waters of some lakes and ponds may naturally become oxygen depleted, or hypoxic,

during stratification. When bottom waters are completely depleted, or anoxic,

compounds in the sediments may be released as decomposition processes continue.

For example, phosphorus in the sediments can be re-released to the water column in
this way, contributing to algae bloom problems.

Conducting dissolved oxygen and temperature profiles as part of a monitoring plan
can help to identify when, where, and why low dissolved oxygen conditions exist.
According to the SWAP Assessment Guidelines, dissolved oxygen levels below 5
mg/L are considered to be a significant risk. If a pond or stream exhibits seasonal
oxygen depletion, the first step is to determine the possible causes and then to
reduce the demand for oxygen created by excess productivity.

Treatment-based solutions include adjusting the intake depth, in-source aeration or
water circulation, and treating the pond with aluminum-based compounds to reduce

release of phosphorus.

See the section on Algae for watershed solutions and resources.
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Taste and Odor

Substances that cause taste and odor problems can be present in the raw water, can be
added or created during treatment, or can arise within distribution or storage systems.

There are seven common causes (see Gray, 1994, in Bibliography):

1. Decaying vegetation and algae produce fishy, grassy, and musty odors as they
decay. These problems are usually seasonal.

2. Molds and actinomycetes (a kind of bacteria) produce musty, earthy, or moldy
odors and tastes. They are found when water sits in pipes or when water is
warm, and are associated with water-logged soil. When actinomycetes are
present, decaying algae will form organic compounds like geosmin and 2-
methylisoborneol that produce musty/earthy odors.

3. Iron and sulphur bacteria produce odors as they decompose (i.e., hydrogen
sulfide or "rotten egg" smell).

4. Metals (iron, manganese, copper, zinc) impart a bitter or metallic taste.

5. Sodium chloride (from salt or seawater) will make the water initially taste flat or
dull, then salty.

6. Industrial wastes (pesticides, solvents) can impart a strong sweet, medical, or
chemical taste or odor.

7. Chlorine by itself will only produce a strong odor if water is overdosed during

disinfection. Chlorine reacts with a wide variety of compounds to produce
chlorinated products, which can have a chlorine taste or odor.

Treatment with activated carbon adsorption will remove actinomycetes (geosmin and 2-
methylisoborneol). If problems are seasonal and occasional, powdered activated carbon

can be added to the water before filtration.

See Algae for ways to control species that cause taste and odor problems.
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Rivers and Streams as Sources

The 18 public water systems in Maine that use rivers or streams as sources have a
unigue set of source water management issues. Stream watersheds are more likely to
share watersheds with other towns. The Source Water Assessment Program has
delineated Source Water Protection Areas for surface water systems. However, for
rivers and streams the Source Water Protection Area only extends one mile upstream
from the intake location. The actual watershed can extend miles or hundreds of miles
upstream and have many small tributaries, making it difficult if not impossible to control
activities that may impact water quality or quantity. If possible, monitor larger tributaries
in addition to the supply portion of the river in order to locate sources of nutrient loading

in the watershed.

Supply issues are also more complicated with rivers, as there are more withdrawals and
competing uses. Hydroelectric dams, wastewater treatment plants, agriculture, and mill
diversions or discharges upstream can impact water quantity and quality. For the public
water supplier using a stream source, it is especially important to cooperate with towns,
neighboring states or Canada, and local watershed organizations. See shared

watershed, watershed groups, and schools in the solutions section.

Resources

Canadian Resources
Canadian Water and Wastewater Association 613-747-0524 www.cwwa.ca
Environment Canada 819-997-2800 www.ec.gc.ca/envhome.html

Atlantic Office (New Brunswick and Maritimes) 902-426-7231
Water Issues Branch 819-953-6161 www.ec.gc.ca/water/index.htm

Government of New Brunswick, Environment & Local Government 506-453-2690
www.gnb.ca/0009/index-e.asp

Environment Quebec 418-521-3830 www.menv.gouv.qc.ca/index-en.htm

St. Croix International Water Commission 506-466-7550
www.asf.ca/orgsnb/sciwc/index.html
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Maine Resources

Maine Rivers 800-287-2345 www.mainerivers.orq

DEP Stream Teams 888-769-1036 (Front Desk at Maine DEP - Portland Office)
www.state.me.us/dep/blwg/docstream/team/streamteam.htm

UM Cooperative Extension http://www.umext.maine.edu 800-287-0274

See also watershed organizations in Appendix B.
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Water Supply and Drought

Concerns about adequate supply can arise during times of increased demand and flood
or drought conditions. While water quantity is not directly related to source water
protection, it is indirectly related in the sense that quantity can affect quality. Water
quality may improve during drought conditions because of less runoff from the
watershed, while floods or periods of heavy rains can send pulses of material to surface
waters. Preparing for weather and climate variability requires knowledge of the
hydrology and dynamics of the source.

“Safe yield” is the maximum quantity of water that can be withdrawn during an extended
dry period or drought. Safe yield is an accounting system for the supply, managed much
like balancing a checkbook, and is calculated using data from the drought of historical
record. Itis important to recognize that seasonal variations of recharge or demand can
affect either water quantity or quality, or both, thus affecting the supplier’s ability to
provide safe, dependable water service. Close attention to inflows, water levels, usable
storage volumes, customer demand and other factors can help you understand the

relationships between water quantity, water quality and variations in supply.

Understanding safe yield and supply variability requires knowledge of the following:

Watershed area (direct drainage to lake)

Inputs to lake or reservoir from streams (based on stream flow data)

Precipitation records

Evaporation and transpiration rates

Infiltration rates

Pumping rates

Outflow over dam or through streams

Total lake volume

Volume of water above the intake

= Maximum drawdown point above the intake below which ice or other damage
may occur.

= Number of large water users

= Changes in customer demand

= Water level variation (see Monitoring)
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Solutions

For technical assistance in determining safe yield, contact an engineering or
environmental consulting firm.

Town cooperation is important in order to raise awareness of critical water supply and
guantity issues with town officials and residents.

Resources

Maine Emergency Management Agency www.state.me.us/mema/homepage.htm
800-452-8735 or 626-4503

Federal Emergency Management Agency www.fema.gov New England Office 617-223-
9522

USGS Maine drought information me.water.usgs.gov/droughtme.html
622-8201

National Weather Service Climate Prediction Center (flood and drought forecasts)
Wwww.cpc.ncep.noaa.gov 301-763-8000

Maine Historical Climate Data- NOAA's Climate-At-A-Glance
http://lwf.ncdc.noaa.gov/oa/climate/research/cag3/ME.html

New England River Basins Commission. 1980. Before the Well Runs Dry: A Handbook
for designing a local water conservation plan. Federal Emergency Management Agency,
US Government Printing Office.

Maine State Climate Office www.umaine.edu/maineclimate/default.htm 581-3441
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Disinfection By-products — See also Color/Total Organic Carbon

Disinfection by-products (DBPs) are chlorinated or brominated compounds that are
formed by disinfection chemicals reacting with organic matter in the water. DBPs are
tested in the finished water and distribution system. Some DBPs are considered to be a
human health hazard and the EPA has set maximum contaminant levels for specific

compounds.

By-products form when the disinfectant reacts with organic "precursors”. DBPs can be
controlled by treating for the by-products themselves or by removing the precursor
material to keep the by-products from forming. Many factors can affect DBP formation,
including the location in the treatment plant where chlorination occurs, temperature, and
pH.

Removing DBP precursors (total organic carbon) from the raw water can reduce the
formation of disinfection by-products. This can be accomplished by a combination of
coagulation, filtration, or softening in conjunction with careful management of chlorine-
chemical use.
Treatment methods for controlling precursors to DBPs include:
= Use of alternative oxidants (0zone, chloramine or chlorine dioxide), which
combine less readily with organic matter. Note that ozone treatment can activate

bromide and cause formation of bromate, a regulated DBP.

» Enhanced coagulation (increase coagulant amount, lower pH, switch coagulants,
use appropriate polymer dosage).

= Dissolved organic carbon adsorption by granular activated carbon or charcoal.
= UV disinfection.

=  Membrane filtration.

Characterization of the organic matter by sampling for total organic carbon (TOC) in raw

water is essential to finding the best ways to remove DBP precursors.
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Color/Total Organic Carbon

Water "color" can be an indicator of the amount of natural dissolved carbon compounds,
such as tannins and lignins, which can stain water brown or red. Total organic carbon
(TOC) includes particulate and dissolved carbon. TOC is derived from plants and
animals and enters waterways from decomposing plant matter, runoff, and septic
systems in the watershed. Wetlands around the pond or in the watershed can be a
source of large amounts of organic carbon, contributing to naturally highly-colored water.
Organic carbon is also formed within water bodies by biological processes, and even
clear-looking water can contain organic matter that contributes to disinfection by-product
formation. Chemically, the organic matter is either protein (~45%), carbohydrate
(~45%), or lipid (~10%). The carbohydrates are easily decomposed and are likely the
major source of carbon for disinfection by-product (DBP) formation. While difficult to
control, organic carbon can be managed at the watershed level and with various
treatment methods.

For eutrophic water bodies subject to high nutrient loading from their watersheds, algae
are likely to be the greatest source of DBP precursors during the summer and early fall.

Chlorophyll-a is the best indicator of productivity in colored lakes (as opposed to total
phosphorus). See Algae for more information on controlling nutrient loading.

The SWAP assessment guidelines consider TOC levels below 4 parts per million (ppm)
to be a low risk for disinfection by-product formation. However, if levels are above 2
ppm, it is recommended that TOC be characterized by determining the relative
proportions of dissolved and particulate organic carbon. Analysis of TOC should
continue for a period of time (i.e., a year) in order to determine the relationship between
TOC and DBP precursors.
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Watershed Sources

Wetlands in the watershed or around a pond can release organic compounds that
naturally stain water brown or red. This is a fairly constant input but may vary
seasonally.

Stormwater runoff from residential and urban development carries organic matter.

Forestry and logging activities can disturb and release organic matter to surface waters.

Flooding and wood harvesting by wildlife (beavers) releases organic matter.

Solutions

Watershed and shoreline surveys will identify wetlands and erosion.

Encourage use of forestry best management practices through landowner education.

Resources

Controlling Disinfection By-Products and Microbial Contaminants in Drinking Water (EPA
600-R-1-110) available at www.epa.gov/cgi-bin/claritgw?op-
Display&document=clserv:epa-cinb:1941;&rank=4&template=epa or from the National
Service Center for Environmental Publications 800-490-9198.
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Algae

Algae blooms can be an indicator of excess nutrients, specifically phosphorus and
nitrogen. Soil erosion is the major source of excess phosphorus in surface water.
Phosphorus is bound to soil particles that are suspended in stormwater runoff.
Increased temperature and residence time of the source water can also contribute to
algae growth. Algae can be responsible for the following water quality and supply
problems:

» Clogged filters

Color

Turbidity

Taste and odor

Altered pH of the water

Seasonal oxygen depletion

Disinfection by-products (some algae can release substances rich in organic carbon,
contributing to disinfection by-product formation, or substances that are toxic).

A visual inspection of an algae bloom can provide some information on the type of algae
present, but linking algae to treatment problems such as taste and odor requires
identification at the species level. A 500 or 1,000 mL sample of water is filtered to
concentrate the algae, which are then viewed under a microscope. It is recommended
that all surface water systems own a microscope and related equipment. Laboratories
that can identify algae include the DEP Bureau of Land and Water Quality and the
Augusta Water District.

If algae are a recurrent or seasonal problem, it is especially important that the raw water
is monitored for total phosphorus and chlorophyll-a.

The use of herbicides such as copper sulfate to control algae is not recommended, since

chemicals can affect other organisms in the lake and the dead and decaying algae can
release carbon and phosphorus.
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Watershed Sources

Intensive forestry can lead to sediment erosion, which carries phosphorus to surface
waters.

Runoff from residential and urban development can carry fertilizers and sediment.

Agriculture and livestock can be a source of eroded sediment, fertilizers, and nutrient-
rich manure runoff.

Geese and other wildlife contribute nutrients.

Solutions

Conduct a watershed and shoreline survey to identify areas of erosion, steep slopes,
sediment deposits, and unbuffered surface runoff.

Promote the use of phosphorus-free fertilizers and vegetative buffers through
landowner outreach and education.

Encourage proper road construction and runoff management through development
review.

Control sources of phosphorus through land conservation and acquisition.
Watershed groups, lake associations, and schools can help with outreach and

surveys.

Resources

To report an algae bloom or have algae species identified:
Contact the DEP Bureau of Land and Water Quality at 287-3901.

State Testing Laboratory 287-2727 www.state.me.us/dhs/etl/homepage.htm

Augusta Water District 395-2098 www.augustawater.org

The American Water Works Association offers an Algae Identification guide on cd-rom
as well as other manuals, including Problem Organisms in Water: Identification and
Treatment. AWWA Manual M7. Available from www.awwa.org or 800-926-7337.

Algae information on-line:
biology.smsu.edu/phycology/plank algae.htm
www.thealgaesource.net/

Standard Methods for the Examination of Water and Wastewater contains algae
identification plates. See reference in Bibliography.
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Pathogens

Pathogens are disease-causing microscopic viruses, bacteria, and protozoan parasites.
Example organisms include fecal coliform and E. coli bacteria, Cryptosporidium, and
Giardia. Fecal coliform and E. coli should be monitored in the raw water. This is usually
done with a presence/absence color test; however, a quantitative number count is the
recommended method. The number of coliform samples required depends on the size
of the population served. Those water supplies with public recreational access should
monitor swimming beaches and other areas more often. Some microbial contaminants
can be removed by coagulation and filtration, but success depends on the concentration
used. Chlorine disinfection is effective against bacteria and viruses, but protozoa (e.g.,

Cryptosporidium) are resistant to chlorination.

Watershed Sources

Sources of pathogens include failing waste disposal systems and stormwater runoff from
residential and urban development; wildlife such as beavers, muskrat, deer, gulls,

geese, etc.; agriculture and livestock, especially runoff from feedlots and manure

storage; and public access (recreational swimming).

Solutions

Participate in development review to encourage stormwater management.
Work on land conservation to control development.
Conduct a shoreline survey for animal presence (beaver lodges, muskrat dens, etc.).

Establish nutrient management programs in agriculture and livestock areas.

Resources

Drinking Water Program 287-2070 www.state.me.us/dhs/eng/water/index.html

Information on water quality for beach managers
http://www.state.me.us/dep/blwg/beach.htm or contact Clough Toppan at the Division of

Health Engineering, Bureau of Health, Department of Human Services 287-2070.
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Turbidity

Turbidity is a measure of the transparency of water, or how light is scattered or absorbed
by particles in the water. As turbidity increases, less light penetrates the water.

Turbidity can be caused by eroded sediment and stormwater runoff from the watershed
or shoreline, and by organic matter within the water body. Turbidity is used as an
indirect indicator of water quality, for example, nutrient levels or filtration effectiveness.
Higher turbidity levels may be associated with higher levels of disease-causing
microorganisms. Turbidity interferes with disinfection, requiring an increase in filtration
and disinfectant use.

Turbidity is a problem that is often intermittent or seasonal, and requires monitoring. In
addition to measuring turbidity with a meter at the treatment plant or by sending water
samples to a laboratory, water clarity can also be measured with a secchi disk. Weekly
secchi disk readings or turbidity measurements can help track transparency trends and
identify potential sources of high turbidity.

Watershed Sources

Intensive forestry and agriculture can be sources of eroded sediment.
Wildlife (especially beaver) activity can erode sediment.

Sediment is carried by runoff from residential and urban development, construction
sites, camp roads, and impervious surfaces.

Solutions

Watershed and shoreline surveys will identify forestry and agricultural practices and
roads that might be contributing to erosion.

Participate in development review to promote stormwater management, proper road
construction, buffers, and the use of erosion control during construction.
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Watershed Sources of Impaired Water Quality

Various land uses and activities within the watershed of a surface water supply can
affect water quality, resulting in some of the problems discussed in the previous section.
The following pages describe some of the more common sources.

If you do not yet have a specific water quality problem, but are concerned about land
uses in the watershed, this section will help you identify what kind of problems might
result from certain activities. For example, if your lake or pond has good water quality
but the surrounding watershed is being rapidly developed with residential subdivisions
and commercial businesses, this section will identify water quality problems that can
result, such as algae blooms and turbidity. This section will also refer to various

watershed management techniques and resources in the Solutions section.
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Residential and Urban Development

Residential and urban development issues fall into two categories, or scales. The first is
development near the shoreline, immediately around the lake or along the river. Camps
and homes on the water supply source can be direct, acute sources of nutrients,
pathogens, sediment and runoff. The other category of development is on a watershed
scale, where increasing development throughout the watershed of the lake or river can
be a chronic source of contaminants, having small but cumulative impacts on a water

body. The following are some of the more common sources of water quality impairment:

= Construction activities can disturb and release large amounts of sediment.

= Impervious surfaces associated with development (roads, rooftops, driveways,
parking lots) create stormwater runoff that carries sand, salt, oil, tire wear, chemicals,
pathogens, and nutrients from the land to the water supply.

» Runoff from lawns and landscaping carries sediment, pesticides, and nutrients from
fertilizers.

= Sewage disposal systems can be direct sources of nutrients and pathogens.

» Highways, railroads, pipelines, and powerline easements are potential sources of
spills and leaks of oil and hazardous materials. These throughways can also be sources
of polluted stormwater runoff, herbicides, and erosion.

= Home heating oil storage and commercial fuel storage in the source water protection
area represents a risk of spills or leaks. See Security on page 29.

Water Quality Problems

Algae

Pathogens

Turbidity

Pesticides, herbicides
Fuel storage and spills

Solutions

Through development review and landowner education, encourage stormwater
management, erosion controls, vegetative buffers, and cluster zoning. Public Law 761,
described in the section on Development Review, enables water suppliers to be involved
in construction and development planning.
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Watershed and shoreline surveys will identify areas of existing or potential problems.

Town cooperation and ordinance can help to communicate threats to water supply
and make water supply protection part of the Town's comprehensive plan.

Land acquisition and conservation will protect land and prevent further development.
Work with the Department of Transportation, the railroads and power companies to
minimize effects on water quality.

Security measures include responding to spills and leaks.

Resources

Maine Department of Transportation 624-3000 www.state.me.us/mdot
DOT Surface Water Resources Unit
www.state.me.us/mdot/env/surface water resources.htm

Under the federal National Pollution Discharge Elimination System Phase | and
Stormwater program (http://cfpubl.epa.gov/npdes/home.cim?program id=6), permits
are required for some municipal separate storm sewer systems and construction activity
disturbing between 1 and 5 acres. Under Maine's 1997 Stormwater Management Law, a
construction project may require a permit from the DEP if the project includes 20,000
square feet or more of impervious area or 5 acres or more of disturbed area and is
located in the watershed of a public water supply. Contact the Stormwater Coordinator,
David Ladd, at the Bureau of Land & Water Quality at 287-3901 for more information.
www.state.me.us/dep/blwg/stormwtr/index.htm

The Wastewater and Plumbing Control Program should be contacted for concerns
regarding subsurface waste disposal systems at 287-5689
www.state.me.us/dhs/eng/plumb/index.html

U.S. EPA: Urbanization & Streams: A Study of Hydrologic Impacts
www.epa.gov/owow/nps/urbanize/report.html

The Center for Watershed Protection provides publications, research, and technical
assistance on watershed and development issues. www.cwp.org 410-461-8323

Effects of Watershed Development and Management on Aquatic Ecosystems. L.A.
Roesner, ed. New York: American Society of Civil Engineers. 1997.

Selected Findings and Current Perspectives on Urban and Agricultural Water Quality by
the National Water-Quality Assessment Program. USGS Fact Sheet FS-047-01. United
States Geological Survey. 2001. water.usgs.gov/pubs/FS/fs-047-01/

Schueler, T. 1995. Environmental Land Planning Series: Site Planning for Urban Stream
Protection. Center for Watershed Protection, Silver Spring, MD, and the Metropolitan
Washington Council of Governments, Washington, DC.

More planning resources are located in Appendix B.
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Agriculture and Livestock

Well-managed agriculture can be a viable land use in the watershed of a water supply.
When Best Management Practices (BMPs) are applied to control erosion and non point-
source pollution, agriculture can contribute less pollution than other types of land uses,
including residential development. Yet agriculture is often a source of water quality
impairment. Crop and turf farms can be sources of pesticides and nutrients from
fertilizers and eroded sediment. Livestock operations can be sources of pathogens and
nutrients from manure storage and runoff.

Water Quality Problems

Algae
Turbidity
Pathogens

Pesticides and herbicides

Solutions

Watershed and shoreline surveys can identify certain agricultural practices in need of
improvement.

Once problem areas are identified, conduct landowner education and work with the
farmers. Encourage agricultural BMPs for erosion, manure management, crop
harvesting, and pesticide/fertilizer application.

A viable agricultural community can be sustained through town cooperation and
ordinance. If the town has a comprehensive plan, how does it account for the role of
agriculture?

Land acquisition and preservation does not always mean prohibiting all uses of the
land. Many land trusts and local conservation organizations are interested in preserving
and protecting both working and retired farmland. Farmers can receive benefits for
conserving land through federal programs such as the Conservation and Wetland
Reserve Programs.

Resources

Agriculture & Livestock

UM Cooperative Extension http://www.umext.maine.edu 800-287-0274

The Maine Nutrient Management Law establishing a comprehensive Nutrient
Management Program was enacted in 1998. The Nutrient Management Rules that were
developed based on the Nutrient Management Law were updated in February 2001, and
include nutrient management plans for some farms, setbacks for manure storage areas,
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and a ban on winter manure spreading. The Nutrient Management Program is
administered by the Maine Department of Agriculture. 287-3871
www.state.me.us/agriculture/homepage.htm
www.state.me.us/agriculture/oanrr/NutrientManagement.htm

Maine Board of Pesticides Control 287-2731 (Augusta); 764-2039 (Presque Isle)
www.state.me.us/agriculture/pesticides

Soil and Water Conservation Districts (see Appendix B for phone numbers)
www.state.me.us/agriculture/oanrr/soil3.htm

American Farmland Trust provides tools, publications, and technical assistance for
protecting farmland. New England Field Office 413-586-9330
www.farmland.org/regions/ne/index.htm

USDA Conservation Programs are administered through your local USDA/Farm Service
Agency office. Maine State Consolidated Farm Service Agency 990-9140
www.fsa.usda.gov/dafp/cepd/default.htm
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Forestry

From a water quantity and quality standpoint, forests are the preferred watershed land
cover. Forestland can enhance water quality, provide wildlife habitat, and allow for
passive recreation. A forest management plan that is designed to enhance water quality
and increase water yields can include commercial logging. By supplying clean water
and generating income through the sale of lumber, forest management is highly
beneficial. Income from forest harvesting can subsidize watershed management
programs. Logging and other silvicultural activities are widely recognized as acceptable
water supply watershed uses which, when properly managed, will not degrade water
quality. BMPs should be applied to protect water quality, soil structure, residual trees,

and cultural resources.

Water Quality Problems

When not conducted in accordance with a forest management plan or when forest is in
small privately owned woodlots, logging can contribute to the following water quality

problems:

Algae

Turbidity

Pathogens

TOC/Disinfection by-products
Pesticides and herbicides

Solutions

Forestry

Watershed and shoreline surveys can identify areas of erosion.

Conduct landowner education for foresters and woodlot owners about BMPs.
Standards for BMPs are available from state agencies.
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Resources

Maine Forest Service www.state.me.us/doc/mfs/mfshome.htm
The State Forester can be reached at 800-367-0223

UMaine Cooperative Extension 800-287-0274
Forestry Office 581-2892 www.umext.maine.edu/topics/forestry.htm

Small Woodland Owners Association of Maine assists small woodlot owners and works
to raise public awareness of the cumulative importance of managed forests to Maine's
economy and ecology, particularly in areas experiencing development pressures.
www.swoam.com 626-0005 or 877-467-9626

Dissmeyer, G.E., ed. 2000. Drinking water from forests and grasslands: a synthesis of
the scientific literature. USDA Forest Service, Southeast Research Station, Asheville,
NC. General Technical Report SRS-039
www.srs.fs.fed.us/pubs/viewpub.jsp?index=1866

828-257-4832 ext.392

US Forest Service Wildland Waters quarterly newsletter about forests and water
supplies is available online at
www.fs.fed.us/wildlandwaters or for a hard copy subscription, send a request to:

Richard Schneider

Rocky Mountain Research Station,

USDA Forest Service

240 West Prospect Road, Fort Collins, CO
80526-2098

rschneider@fs.fed.us

fax 970-498-1396

National Association of State Foresters http://www.stateforesters.orqg/

North East Foresters Association http://nefa.conknet.com/

Society for the Protection of New Hampshire Forests http://www.spnhf.org/ 603-224-
9945

Society of American Foresters http://www.safnet.org/index.shtml 301-897-8720
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Wildlife

Both wild and domestic animals contribute to water quality problems. While natural
wildlife populations are usually not a problem, an overabundance of some species can
be a significant source of water quality impairment. For example, aside from causing the
obvious water-level problems, beaver dams can flood land upstream from the supply
source, sending pulses of carbon and phosphorus downstream. Beaver and muskrats
can be sources of pathogens and eroded sediment. Geese are often sources of excess
nutrients.

The Department of Inland Fisheries & Wildlife should be contacted for all wildlife-related
problems. There are several measures to limit the presence of geese, the most
important of which is to prohibit feeding. Other steps include eliminating lawn areas,
which attract birds, planting shrubs and groundcover, and employing various noise and
visual disturbances.

Water Quality Problems

Algae

Turbidity

TOC/Disinfection by-products
Pathogens

Solutions

Watershed and shoreline surveys will identify the presence of beaver and muskrats.

Educate the public and ensure town cooperation to discourage feeding of wildlife.

See the section on Agriculture for information on controlling runoff from livestock and
domestic animals.

Resources

ME Department of Inland Fisheries and Wildlife 287-8000
www.state.me.us/ifw/index.htm|

To reach a game warden 24-hours a day, call the Maine State Police:
Augusta 800-452-4664 Houlton 800-924-2261

Skowhegan 800-452-4664 Orono 800-432-7381

Thomaston 800-452-4664 Gray 800-482-0730
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Public Access

According to Maine state law, no person can be denied access over unimproved land to
a great pond, unless the land is owned by a water district and the pond serves as a
public water supply. For many surface water bodies in Maine where the land is not
utility-owned, recreation is perceived as the primary use. This can create conflict when
the lake or pond also serves as a drinking water supply. Recreational activities such as
swimming, boating, snowmobile and ATV use, hunting, fishing, ice-fishing, and general
public access all pose potential threats to a water supply and must be managed
accordingly.

Under Maine Statute, Title 22, Sections 2648 ("Protection of intake of public water
supply™) and 2649 ("Protection of public water supplies over winter"), a utility can restrict
access to the intake zone and regulate vehicles on ice. The Warden Service of the
Department of Inland Fisheries and Wildlife has jurisdiction over surface activities on
lakes, so even if a public water system has charter rights to limit access to the intake
zone, it is the Warden's job to enforce restrictions. If you are concerned about
recreational activity on the pond and security issues, check your utility’s charter for what
rights you have to limit access. If the charter does not provide protection, work with your
Board and local legislators to amend the charter.

Posting signs at road crossings and access points can raise awareness that the water
body is a drinking water supply. Gate private access roads. Work with local law
enforcement, snowmobile and ATV groups, and game wardens so they understand the

risks to the supply.

Any public access, but especially boating, could introduce invasive aquatic species to
the water supply by way of plant fragments on boat trailers and motors, bilge water,
anchor lines, and bait boxes. Of principal concern here is the non-native plant Eurasian
Water Milfoil, although other invasives are also of concern. While Maine is one of the
few states without a significant invasive aquatic plant problem, the threat is great enough
that the State is aggressively working to prevent invasion through laws (Chapter 434, An
Act to Prevent Infestation of Invasive Aquatic Plants, and Chapter 722, An Act to Prevent
the Spread of Invasive Aquatic Plants), education, boating stickers and inspections.
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Water Quality Problems

Pathogens
Turbidity

Oil & hazardous material spills

Solutions

Town cooperation and ordinance is necessary to ensure existing laws are enforced.

Landowner education raises awareness of potential threats to water quality. Boaters,

anglers, and other recreational users are potential allies in conservation and water
quality protection efforts. See Watershed Groups and Lake Associations for ways to
work with stakeholders.

Security measures should include spill and emergency response. If the utility owns land
around the water body, restrict access.

Resources

ME Department of Inland Fisheries and Wildlife 287-8000
www.state.me.us/ifw/index.html

To reach a game warden 24-hours a day, call the Maine State Police:
Augusta 800-452-4664 Houlton 800-924-2261

Skowhegan 800-452-4664 Orono 800-432-7381

Thomaston 800-452-4664 Gray 800-482-0730

ME Snowmobile Association 622-6983 www.mesnow.com

Recreational Vehicles http://www.state.me.us/ifw/rv/rec.htm

Maine snowmobile laws http://www.state.me.us/ifw/rv/snowlaws.htm

DEP invasive aquatics program: contact the DEP Lakes program 287-3901
or the VLMP 225-2070 www.state.me.us/dep/blwg/topic/invasive.htm

Beach management http://www.state.me.us/dep/blwg/beach.htm 287-2070

Maine Law
Title 17, Section 3860. Great Pond; access or egress
http://janus.state.me.us/legis/statutes/17/title17sec3860.html

Title 22, Chapter 601, Section 2648. Protection of intake of public water supply
http://janus.state.me.us/leqgis/statutes/22/title22sec2648.html

Title 22, Chapter 601, Section 2649. Protection of public water supplies over winter
http://janus.state.me.us/legis/statutes/22/title22sec2649.html
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Watershed Solutions

The following pages describe various management approaches that can be included as
part of a source water protection plan. It is unlikely that any one system will be able to
employ all of these methods, but a combination of many or several can greatly improve

water quality protection efforts.

Underlying the source water protection concept is this fundamental premise: The
protection of drinking water supplies must happen at the local level. All of the watershed
solutions require communication with various stakeholders in the watershed:
landowners, farmers, foresters, citizens, schools, and local and state officials. In order

to be successful, stakeholders in the watershed must work toward a common water

quality goal.
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Security

There are many threats to the security of public water supplies. Examples of threats
include vehicle accidents on roadways near the water body, leaks from underground and
aboveground fuel storage tanks, discharges of hazardous materials from nearby
factories and industries, and intentional contamination. Responding to emergencies and

security threats requires planning and preparedness.

Planning for contamination threats:

= Protect the intake.

= Encourage minimum stormwater management practices (see the EPA Phase I/1l
Stormwater Management regulations) to reduce the chance of hazardous materials
traveling to the water supply.

= Planning involves knowing whom to call in an emergency, but also making sure the
local sheriff, state police dispatcher, and County Emergency Planning Commissions

know to notify the utility if and when spills occur near the water supply.

When unusual, suspicious, or threatening activity occurs, follow the Security Response
Protocols developed by the Drinking Water Program in July 2002. Contact the Security
Coordinator at the Drinking Water Program for more information.

When a spill occurs:
1. Call911.

2. Call the Drinking Water Program (287-2070 weekdays 8-5, or 557-4214 nights and
weekends) and Maine DEP Emergency Response:
www.state.me.us/dep/rwm/emergenc.htm.

Oil Spills

Calls within Maine (24 hours) 800-482-0777

Calls from outside Maine (8 a.m. - 5 p.m.) 207-822-6300

Calls from outside Maine (nights, weekends, holidays) 207-657-3030
Hazardous Material Spills

Calls within Maine (24 hours) 800-452-4664

Calls from outside Maine (24 hours) 207-624-7000
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Resources

EPA's Model emergency response guidelines
www.epa.gov/safewater/security/er-guidance or call 800-426-4791
Security information www.epa.gov/safewater/security/index.html

A Model Emergency Contingency Plan for Water Systems
Maine Rural Water Association 729-6569 www.mainerwa.org/page9.html

A Handbook for Water Supply Emergencies
Massachusetts DEP 617-338-2255 www.state.ma.us/dep/brp/dws/files/emerhadbk.doc

Northeast Rural Water As sociation has security resources, including a Security
Vulnerability Self-Assessment Guide for Small Drinking Water Systems available at
www.neruralwater.org/security.html or call 800-556-3792.
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Land Acquisition and Conservation

Outright ownership of shorefront and watershed lands by the public water supply is ideal

but not always feasible. Your best argument is that the cost of land is often less than

remediating pollution (for example, with alum treatments). Creation of a land acquisition

policy and fund is a good place to start.

Steps in land conservation and acquisition:

1.

View or obtain tax maps from town offices and identify large and shorefront tracts
of land and prioritize parcels for acquisition. Large lots and agricultural
properties are especially vulnerable to subdivision and development. Shorefront
lots are usually placed in highest priority, with surrounding lots and land along
tributaries next in priority. Geographic Information Systems can be helpful in this
step.

Contact landowners who might be interested in conservation (see Landowner
Education). Discuss the land’s importance to water quality. There are many
incentives for landowners to place acreage under conservation easement,
including tax breaks.

If the town has a land acquisition program, talk to the town planner about
coordinating efforts.

Contact area real estate agents to request first purchase option when properties
are listed.

Work with other stakeholders interested in conserving land, such as watershed
organizations and land trusts. Land that is valuable to these groups is often
also valuable for water quality protection.

Convince the Board to set aside a percentage (for example, 5%) of funds each
year towards land acquisition. By doing this, when land becomes available there

will already be money for purchase.
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Resources

Maine State Planning Office www.state.me.us/spo
287-3261 or 800-662-4545

Maine Land Trust Network www.mltn.org 729-7366

Permanently Protecting Water Supply Lands with Conservation Easements is an
excellent guide to conservation easements, and includes model easements. The report
is available from the Society for the Protection of New Hampshire Forests at
www.spnhf.org/explor/library/Research/watersupply.pdf or by calling 603-224-9945.

Public water systems with experience in land protection include Auburn, Augusta,
Bangor, Bath, Camden-Rockland, and Portland.

See Resources in Appendix B.
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Watershed Organizations and Lake Associations

These groups can be your greatest allies. They can help with monitoring, surveying the
watershed, educating landowners, and land conservation. If there is an active
watershed or lake group, ask to meet with them or attend a few meetings. Be sure to
introduce yourself and make it clear that you have a common interest. If the group
works on a nearby pond or stream in the watershed, see if they would be interested in
your pond or stream. For monitoring, it can be less expensive to contribute money to a
watershed group (for example, the Cobbossee Watershed District) that already does
monitoring on other water bodies, because the organization has the necessary
equipment, staff, and other resources. If there is no watershed or lake group, or a group
is not active, try to identify key individuals in the watershed who have been interested or
involved in the past. Convince residents of the threats to water quality, and the costs of
declining water quality. Just one concerned resident can be an enormous asset. See
also landowner education and schools.

Resources

Maine Congress of Lake Associations www.mainecola.org
877-254-2511

DEP lakes program 287-3901
www.state.me.us/dep/blwg/lake.htm

Contact the Volunteer Lake Monitoring Program at 225-2070 or
www.state.me.us/dep/blwg/doclake/vm.htm to find out if there is a volunteer monitor for
your pond.

UM Cooperative Extension 800-287-0274 www.umext.maine.edu

See a listing of watershed organizations in Appendix B.
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Schools

Schools are another place to turn for help with monitoring and surveying the watershed.
Contact science teachers at the local high school and/or middle school to let them know
of your needs and the opportunity for the students. Use the basic monitoring
recommendations provided in this guide, and be sure to set up an organized framework
for data collection and recording. Some science classes may already be doing work on
another pond or stream in town, and many schools have equipment and resources to
obtain sampling equipment. If possible, offer a tour of the treatment plant. Establishing
a relationship with schools is an opportunity to educate students about their lakes and
streams, and to provide environmental awareness that will be taken home to their

parents.

Resources

Watershed Protection grants for schools are available from ME DEP 287-3901
www.state.me.us/dep/blwag/grants.htm#watershed

Maine schools on the web
juniormc.tripod.com//Maine.html

Maine Lakes Conservancy Institute www.mlci.org 563-6529

UM Cooperative Extension 800-287-0274 www.umext.maine.edu

Project WET is a national education program for students and educators. Contact the
Maine Project WET Coordinator, Dr. Mary Ann McGarry, at 581-3244.
www.umaine.edu/waterresearch/Educational%20Partnerships/projwet.html
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Landowner education

See also Watershed Organizations and Lake Associations and Schools.

Letters sent to shorefront and/or watershed landowners can help determine the level of
interest in water quality protection. Letters can also be included with water bills to
convince customers that even though they may not live in the watershed, water quality
protection keeps their costs down. Informational materials and brochures can be
obtained from state and federal agencies. A sample letter to landowners is also included
in Appendix A.

Resources

A Public Education Strategy to Protect Drinking Water. ME State Planning Office
www.state.me.us/spo/lwrc/Smart%20Growth%20Coordinating%20Committee/publicedu
cation.htm 287-3261

UM Cooperative Extension 800-287-0274 www.umext.maine.edu

Water Quality office 581-3241 www.umaine.edu/waterquality

Administers educational programs such as the Watershed Stewards Program and can
supply materials such as Lake*A*Syst, an educational booklet for waterfront landowners
www.umaine.edu/waterquality/lake a syst.htm.
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Watershed and Shoreline Surveys

In order to identify the potential watershed sources of water quality problems, you have
to get out into the watershed and on the water to see what's going on. Lake
associations, watershed groups, landowners, and schools can organize and/or

participate in watershed surveys, so refer to those sections for more information.

The purpose of annual watershed surveys and periodic watershed inspections (weekly,
biweekly, monthly) is to check roads, stream crossings, culverts, farms, forestry, steep
slopes, large areas of impervious surfaces, recreational areas, and new construction for
soil erosion, manure runoff, herbicide/pesticide spraying, and other potential hazards.
When conducting inspections and surveys, it is important to document all observations
and keep records. See Appendix Afor an example watershed inspection form.

In a more comprehensive watershed survey, the watershed is divided up into sections
based on roads and other features, and each section is surveyed by small groups of
people for sediment erosion, usually during or after a rainstorm. Problem areas are
identified and recorded for follow-up with the landowner. It is helpful when contacting
landowners to remind them that the survey is not for enforcement purposes and any land
use changes are voluntary.

Shoreline surveys are usually performed by boat to check shorefront properties,
wetlands, and public access points for erosion and other problems.

Resources

DEP has numerous publications that can help in identifying threats to water quality and
in finding solutions once threats are identified. 287-3901
www.state.me.us/dep/blwg/doclake/publake.htm

UM Cooperative Extension 800-287-0274 www.umext.maine.edu

See Watershed Organizations in Appendix B.
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Town Cooperation and Ordinance

In addition to surveying the watershed and contacting landowners and other concerned
citizens, it is beneficial to develop a relationship with town officials. Contact selectmen,
planning board and conservation commission members, and code enforcement officers.
Communicate the vulnerability of surface water supplies, and the costs of source
protection versus remediation. Explain your source water protection efforts and why
they benefit the town as a whole. Sponsoring events such as school science fairs, civic
fairs, earth day festivals, farmers markets, and athletic events can increase visibility and
raise awareness of drinking water issues. Developing relationships with media like your

local newspaper can help publicize source protection efforts and reach out to citizens.

Find out if the town has a comprehensive plan, and if it is active. Comprehensive plans
assess the effects of future buildout (maximum development of zoned areas) and are a
master vision for the town. If one is in the process of being written, make sure there is a
section on water resources protection. What are the permitted uses in the watershed
(zoning)? Identify zoned uses that could be potential threats. Could the town have

stricter shoreland zoning or create a public water supply zone?

There are various zoning ordinances that attempt to

= prohibit the use of septic cleaners (which can also contaminate private wells);

= restrict certain recreational activities, although this may be more difficult if
activities currently take place on the water body;

= prohibit bulk fuel storage and other hazardous land uses;

* encourage phosphorus management;

= promote conservation of natural, cultural, and historic resources.

Resources

Model ordinances are available from the State Planning Office and Maine Rural Water
Association. Some example ordinances are located in Appendix A

A University of Maine study documented the economic benefits of protecting water
quality. The study is available online at
www.umaine.edu/WaterResearch/Research/greatpond.html

To obtain a complete version of REP 473 - Great Ponds Play an Integral Role in Maine's
Economy, send your request in writing with $5 (address checks to University of Maine)
to: Kim Junkins, Department of Resource Economics and Policy, 5782 Winslow Hall,
University of Maine, Orono, ME 04469
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Shared Watersheds

If the watershed is shared with another town or towns, or extends into bordering New

Hampshire or Canada, outreach must also extend to those areas. In areas where
relations between towns are strained, watershed organizations and state agencies can

be of help.

Resources

Canadian resources

Canadian Water and Wastewater Association 613-747-0524 www.cwwa.ca

Environment Canada 819-997-2800 www.ec.gc.ca/envhome.html
Atlantic Office (New Brunswick and Maritimes) 902-426-7231
Water Issues Branch 819-953-6161 www.ec.gc.ca/water/index.htm

Government of New Brunswick, Environment & Local Government 506-453-2690
http://www.gnb.ca/0009/index-e.asp

Environment Quebec 418-521-3830 www.menv.gouv.gc.ca/index-en.htm

St. Croix International Water Commission 506-466-7550
www.asf.ca/orgsnb/sciwc/index.html

New Hampshire resources

NH Division of Water Supply Engineering (Department of Environmental Services)
www.des.state.nh.us/wseb/ 603-271-2513

New Hampshire Rivers Council www.nhrivers.org 603-228-6472

See watershed organizations in Appendix B.
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Development Review

Public Law 761, enacted in 2000, requires that public water suppliers be notified of
certain activities being proposed within the source water protection area (direct
watershed) of the water supply. Public water suppliers are essentially treated as an
abutter in cases where abutters are notified. This gives you the chance to attend public

hearings and comment on proposed development.

Here are some suggestions when reviewing and commenting on development:

= At the very least, introduce yourself at the hearing and make it clear that you are

representing the interests of public health and water supply protection.

= Promote construction best management practices and erosion controls (silt
fencing, haybales, covering or seeding stockpiled soll, etc.).

» Request stormwater best management practices in residential and urban
development, including deep sump catch basins, grassed swales, buffers, etc.
Under Maine's 1997 Stormwater Management Law, a construction project may
require a permit from the DEP if the project includes 20,000 square feet or more
of impervious area or 5 acres or more of disturbed area and is located in the
watershed of a public water supply. Contact the Bureau of Land & Water Quality
at 287-3901. Stormwater management regulations are available at

www.state.me.us/dep/blwa/stormwtr/index.htm.

= Promote vegetative buffers and other landscape controls on non-point source
pollution.

» Pursue land conservation and easement options on undeveloped portions of lots

and subdivisions.
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Resources

Drinking Water Program Source Protection Section 287-6196
www.state.me.us/dhs/eng/water/Source%20Protection.htm

Informational brochures about P.L. 761 are available from the Senator George J.
Mitchell Center at the University of Maine 581-3254 www.umaine.edu/WaterResearch

Maine Municipal Association 623-8428 www.memun.org

UM Cooperative Extension 800-287-0274 www.umext.maine.edu

Soil and Water Conservation Districts (see Appendix B)

National Stormwater BMP Database
www.bmpdatabase.org/
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Appendix A

Example Documents
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WATERSHED INSPECTION SURVEY*

DATE TIME INSPECTOR

WEATHER CONDITIONS AREAS COVERED

Drive all major roads/walk trails in watershed and note observations of the following:
Litter, watershed signs, culverts, ditches, fence line conditions, construction activity,
agricultural activity, forestry activity, recreational activity, animals, potential contaminant
threats, flow conditions of streams, etc.

Please indicate activities of concern on map below:

Map of watershed that shows major roads,
supply, and other landscape features (e.g., USGS
topographic map).

Other notes:

*Adapted from Augusta Water District and York Water District survey forms.
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LETTER TO LANDOWNERS*

WATER DISTRICT

ADDRESS
PHONE
DATE
Dear Neighbor,
The Water District is working to improve protection for Pond and its
watershed. Pond is the source of drinking water for residents of served by

the public water system. There are many activities, on and around the pond and in the
watershed, that can impact water quality.

In checking town tax maps, your property appears to lie adjacent to the Pond or within
the watershed. We would like to involve stakeholders, especially shorefront landowners,
in future water quality protection efforts, because any effort to preserve the supply of
clean drinking water will also ensure thatthe  Pond area remains a nice place to
live. Please note that this project is not for enforcement or regulation purposes. If you
would like more information about __ Pond or water quality protection, or would like to
be involved in future activities, please return the enclosed postcard.” Do not hesitate to
contact us if you have any questions or concerns.

We look forward to working with you to protect Pond.

Sincerely,

Water District Manager

*Adapted from Augusta Water District and Newport Water District letters.

" Postcard should be paid and addressed to water district. Ask for name, address, phone, and
watershed protection interests. Also consider enclosing a water quality brochure, such as those
available from Maine DEP, Maine Cooperative Extension, or Soil & Water Conservation Districts,
or a brochure about the water district.
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WATERSHED ATV PERMIT APPLICATION*

The undersigned agrees to the following terms and conditions set forth as a privilege to
operate a motorized All Terrain Vehicle (ATV) on certain property of the _ Water
District located in ___ . The ATV is to be used only on designated logging (tote) roads
and trails. Roads and trails that have been closed off to ATVs will be blocked with
boulders or logs and signs will be present. Water-related activities are strictly prohibited.
No swimming, fishing, boating, ice skating, or ice fishing are allowed on the District's
public water supply, _ Pond. Foot travel only is permitted within 250 feet of the
normal high water mark of _ Pond, unless you are on an approved ATV trail. Other
prohibited activities include tree cutting, burning of fires of any kind at any time, camping
and any other activity that would in any way degrade the land or water supply. There is
a "carry in, carry out" policy and littering is prohibited. This privilege to pass across the
property of the District with an ATV is non-transferable and revocable at the will of the
District, and shall expire June 30th of each year (unless previously revoked by the
District). The District reserves the right to limit the number of permits issued for any
reason. The District also reserves the right to close the watershed properties
anytime it feels the water quality could be in danger of contamination. For a
complete list of rules please contact the District.

The undersigned assumes all risks associated with operating an ATV on the District's
properties, with the understanding that operating an ATV on unpaved roads and trails is
an inherently dangerous activity, and that the District has made no representation that
the roads and trails are safe for such use.

| hereby agree to follow these terms and conditions set forth by the __ Water District
and in no way will hold the District liable for bodily injury or property damage resulting
from my presence on the District's properties.

THIS PERMIT MUST BE KEPT WITH THE ATV WHILE ON WATERSHED PROPERTY
This permit expires June 30th of each year

Name of primary user: Permit number:

Mailing address of primary user:

Telephone number of primary user:
ATV Plate Number: State:

Please list the names of people other than the primary user who may be using this
ATV on the watershed property:

Applicant's signature: Date:

Water District Superintendent Approval:

Signature: Date:

*Adapted from York and Kittery Water Districts.
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PHOSPHORUS CONTROL ORDINANCE (PCO)*

A. Purpose

The purpose of the following Ordinance is to provide protection against additional phosphorus
exportto __ Pond from new land uses and changes in existing land uses by ensuring that
development within the Watershed does not generate more phosphorus than the water body can
handle and by eliminating or reducing existing sources of phosphorus. Phosphorus, a nutrient,
stimulates algal growth, the main cause of water quality decline. The primary source of new and
increasing phosphorus loading in Maine lakes is land development - residential, commercial and
industrial.

B. Boundaries and Definitions

Pond — The Pond Watershed regulated by this Ordinance is all land areas
within the direct watershed of Pond as defined on the attached map.

Direct Watershed — Any land area which contributes storm-water runoff by either surface
or subsurface flow to Pond without such runoff first passing through an
upstream lake.

Phosphorus Export Coefficient (F) — The amount of phosphorus export from the
watershed each year that will produce a 1 ppb increase in the lake’s phosphorus
concentration.

Acceptable Increase in Lake Phosphorus Concentration (C) — is based upon water
quality and the selected level of protection.

Future Area to be Developed (D) — This is an estimate of the acreage in Town of ___'s
share of the direct watershed that will be developed during the planning period of
50 years.

Per-Acre Phosphorus Allocation (P)— This is the acceptable increase of phosphorus
export per acre in the watershed as determined by solving the following equation
(P) = (FC)(D).

C. Applicability

This Ordinance shall apply to all land areas within the direct watershed of __ Pond. The
following land uses shall be required to obtain a phosphorus control permit and conform to the
standards contained in this Ordinance.

1. Any new building or structure with more than 575 square feet of ground floor area.

2. Any expansions or series of expansion of ground floor area of any existing building which
increases the area of the ground floor by more than 30 percent of that which exists at the
time of adoption of this Ordinance.

3. Any earth moving, brush and tree cutting which impacts 10,000 square feet or more
whether accomplished as a single activity or as a series of activities beginning on the
date of adoption of this Ordinance shall only meet the criteria contained in Section 5.7.F.

4, Road or driveway construction and reconstruction and parking area construction which
affects more than 1,500 square feet of land area whether accomplished as a single
activity or as a series of activities beginning on the date of adoption of this Ordinance
shall only meet the criteria contained in Section 5.7.F.

5. All projects for which Special Exception, Site Plan and Subdivision Review is required.
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D. This Ordinance shall not apply to:

1. Changes of use within an existing structure where no ground
floor expansion and/or road, driveway and parking area expansion is planned.

2. Timber management or harvesting operations conducted according to a management
plan prepared and supervised by a registered forester or the Water District.

3. Agricultural uses conducted according to a soil and water conservation plan approved by
the County Soil and Water Conservation District.

E. Best Management Practices

Agriculture, silviculture, mining, chemical use and storage and waste disposal activities should be
conducted in accordance with the Best Management Practices (BMPs) as recommended by the
Department of Environmental Protection, the Maine Soil and Water Conservation Commission,
the Cooperative Extension Service or other appropriate public service agency. New roads and

the reconstruction of existing roads, driveways, drainage diversions, ditches and roadside buffers
should be designed for the worst storm conditions in accordance with the Best Management
Practices (BMPs) recommended by the Department of Environmental Protection, the Maine Sail
and Water Conservation Commission, the Cooperative Extension Service or other appropriate
public service agency.

E. Erosion and Sedimentation Controls

A comprehensive erosion and sedimentation control plan, including a proposed program for the
maintenance and periodic inspection of all control facilities which will remain after the project is
completed and a designation of the responsible party, shall be submitted as follows:

1. Pond Watershed — A plan designed in accordance with the applicable sections of
Chapter 8 of the DEP Phosphorous Control and Lake Watersheds: A Technical Guide to
Evaluating New Development, the latest edition of the Maine Erosion and sediment
Control Handbook.

G. Submission Requirements

All projects subject to review under the provisions of this Ordinance shall submit a phosphorus
control plan and maintenance provisions meeting the standards set forth in the manual
“Phosphorus Control and Lake Watersheds A Technical Guide to Evaluating New Development”
(Maine DEP et-al., September 1989 with the Simple Review Method revised in May 1990).

1. Plan Submission

Plans shall be submitted and process in accordance with Article 7 of this Chapter. In
addition to the requirements for submission under this Article, the following instruction
shall be provided:

a. A long-term maintenance plan for all phosphorus control measures including
provisions for inspection and repair, designation of responsible parties,
contractual obligations and proposed deed restrictions.

b. Hydrologic soil class of all areas to be cleared or where clearing will be
permitted, with the area indicated in square feet of each lot using the appropriate
method as described in the Phosphorus Control Manual.

C. All calculations and worksheets in the format of those contained in the

Phosphorus Control Manual and detailed construction specifications and
diagrams for all control measures.
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A comprehensive erosion and sedimentation control plan, designed in
accordance with the Maine Erosion and Sediment Control Handbook for
Construction: Best Management Practices, March 1991.

Review Method

a.

@

@

@
©)

All projects shall use the Standard Review Method and shall conform to the
Phosphorus Allocation standard set forth in this Ordinance including the
following:

Expansions of four (4) lot subdivisions which were previously approved using the
Simple Review Method.

Projects meeting the following criteria may employ the Simple Review Method:

Minor Subdivisions with four (4) or fewer lots provided that these developments
contain less than 200 feet of new or upgraded roads and/or all driveways serving
residential uses are less than 150 feet in length.

Activity which includes less than 200 feet of new or upgraded road construction;

Commercial and industrial development and expansions of commercial and
industrial developments and the expansion of multi-family dwelling units, which
involve less than 15,000 square feet of disturbed area.

All other subdivisions including expansions of previously approved 4-lot
subdivisions which were reviewed using the Simple Review Method and all other
projects shall utilize the Standard Review Method.

* Adapted from the Town of Auburn
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WATERSHED PROTECTION ORDINANCE *

A. Purposes

The purpose of this ordinance is to provide for orderly development inthe _ Lake watershed
for the health, safety and welfare of the people of . The Town of recognizes the need
to protect the water quality of Lake, therefore land uses within the watershed to the

maximum extent possible shall assure no sediment or dissolved nutrient shall enter, pollute or
degrade the water quality of the lake thereby retaining its suitability for water supply and
recreational purposes.

B. Applicability

These provisions apply to any land uses occurring on single lots or on subdivisions whose
boundaries fall wholly or partially within the Lake watershed. The Lake watershed
is defined by the attached map.

C. Requirements

1. Erosion and Sediment Control Plan.

Any proposed activity which takes place within the watershed involving the disturbance of existing
ground cover due to excavation, grading or filling of an area in excess of 50 sq. ft. shall require
the preparation of an Erosion and Sediment Control Plan. This plan shall meet the standards of
Section VII, Erosion and Sediment Control Plans, Environmental Quality Handbook, Maine,
Revised, March 1986, as amended. The Plan shall be prepared by a soil scientist, geologist or
engineer and provide for permanent controls. The plan must provide for temporary controls if
permanent controls will not be in place within 10 days. The plan must assure, to the maximum
extent possible, there will be no increase in the volume of sediment or dissolved nutrients
reaching the waters of Lake . No excavation, grading, or filling in excess of 500 sq. ft. shall
begin between November 1 and March 15.

2. Land Use Permit.

A land use permit shall be required for any land use activities which require the preparation of an
Erosion and Sediment Control Plan under this section. The City of will notify the

Water Company, in writing, within (5) five days of receipt of an application for a land use permit
under this section. This notice is to allow only for the Water Company to make comments
on the application due to their unique concern and important advice on this valuable resource
area. A decision on the land use permit shall be made within (30) thirty days of submission of the
application. It may be approved with conditions or denied by the Code Enforcement Officer. No
permit will be issued and no site activity may occur until the plan is submitted and approved.

3. Temporary Controls.

Temporary measures shall be at least as effective as the following; In accordance with Table 7,
Guide to Mulch Materials, Environmental Quality Handbook, all areas where ground cover is
removed due to excavation, grading or filling shall be mulched with hay or straw at a rate of not
less than ninety pounds or two bales per one thousand sq. ft. Such mulch shall be placed as
soon as possible but no later than 10 days from the removal of ground cover and/or placement of
fill. Temporary controls shall be maintained over all unvegetated areas until permanent
provisions are completed. All drainageways shall be provided with hay or straw bale barriers or
other equally effective means of retarding erosion within 10 days of the start of construction.

4. Permanent Controls.

Permanent seeding or other permanent measures shall be placed as soon as practical. In no
event shall permanent seeding or sodding of grassed areas be placed later than September 15th
of the year the land use begins. Permanent measures shall be in place no later than November
1st of the year the land use begins.

D. Performance Guarantee
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A performance guarantee equal to the cost of meeting the provisions of the Erosion and
Sediment Control Plan shall be arranged with the City Finance Officer prior to issuance of a
permit and the beginning of any site activity. Withdrawals from this account to cover the costs of
meeting provisions of the plan may be made as provisions of the plan are completed.

E. Exceptions
1. Erosion and Sediment Control plans necessary for one or two family dwellings, structures

accessory there to, and normal home maintenance need not be completed by a soil scientist,
geologist or engineer, but shall meet other requirements of Section 19-304-14.

2. For excavations, filling or other disturbance of groundcover within 15' from the center of any
drainageway, no temporary controls are acceptable. Permanent Controls must be in place as
soon as possible and no later than (10) days after the land use has begun.

3. Existing normal household gardening activity is exempt from these regulations.

4. New household gardening activity in excess of 500 sq. ft. is exempt from these provisions but
shall meet the following conditions:

a. Have an Erosion and Sediment Control Plan prepared meeting the standards as described in
C. Requirements of this Section but need not be completed by a soil scientist, geologist or
engineer.

b. The erosion and control plan shall be designed to minimize sediment and dissolved nutrient
runoff from use and reuse of the gardening activity. The emphasis of the plan shall be on
permanent landscaping or other features that can effectively reduce and minimize the dissolved
nutrients and sediment associated with the perennial garden activity.

c. No gardening activity shall occur within 15' from the center of any drainageway.

d. Performance Guarantee provisions stated in this Ordinance apply.

*Adapted from Town of Rockland
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References and Resources
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Federal Government

Army Corps of Engineers
New England Division http://www.nae.usace.army.mil/ 978-318-8111
Coast Guard, First District (Northeast)
http://www.uscg.mil/d1/ 800-848-3942
Department of Agriculture
Maine Rural Development http://www.rurdev.usda.gov/me/index.html 990-
9100
Natural Resources Conservation Service Maine http://www.me.nrcs.usda.gov/
990-9100
Environmental Protection Agency
Drinking Water Home http://www.epa.gov/safewater/ 800-426-4791
New England Region Office http://www.epa.gov/regionl/ 888-372-7341
Drinking Water Program http://www.epa.gov/regionl/eco/drinkwater/index.htmi
Stormwater Program (NPDES)
http://cfpubl.epa.gov/npdes/index.cfim?program id=0
Federal Highway Administration
http://www.fhwa.dot.gov/
Maine Division http://www.fhwa.dot.gov/mediv/imaine.htm 622-8350
Federal Railroad Administration
http://www.fra.dot.gov/site/index.htm 617-494-2302
Forest Service
http://www.fs.fed.us/ 202-205-8333
Geological Survey
Maine District Office http://me.water.usgs.gov/ 622-8201

National and Regional Organizations

American Farmland Trust
http://www.farmland.org 413-586-9330
Association of Metropolitan Water Agencies
http://www.amwa.net/
Association of State Drinking Water Administrators
http://www.asdwa.org/ 202-293-7655
National Association of State Foresters
http://www.stateforesters.org/
National Drinking Water Clearinghouse
http://www.nesc.wvu.edu/ndwc/ndwe index.htm 800-624-8301
National Extension Water Quality database
http://hermes.ecn.purdue.edu:8001/server/water/water.html
National Rural Water Association
http://www.nrwa.org/
New England Interstate Water Pollution Control Commission (NEIWPCC)
http://www.neiwpcc.org/ 978-323-7929
New England Water Works Association
http://www.newwa.org/ 508-893-7979
North East Foresters Association
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http://nefa.conknet.com/

Northeast Rural Water Association
http://www.neruralwater.org/ 800-556-3792

Society for the Protection of New Hampshire Forests
http://www.spnhf.org/ 603-224-9945

Society of American Foresters
http://www.safnet.org/index.shtml 301-897-8720

Canadian Government and Organizations

Canadian Water and Wastewater Association
www.cwwa.ca 613-747-0524
Environment Canada
http://www.ec.gc.ca/envhome.html 819-997-2800
Water page: http://www.ec.gc.ca/water/index.htm 819-953-6161
Atlantic Office (New Brunswick and Maritimes) 902-426-7231
Environment Quebec
http://www.menv.gouv.gc.ca/indexA.htm 418-521-3830
New Brunswick, Environment & Local Government
http://www.gnb.ca/0009/index-e.asp 506-453-2690
St. Croix International Water Commission
http://www.asf.ca/orgsnb/sciwc/index.html 506-466-7550

Maine State Government

Agriculture, Department of
http://www.state.me.us/agriculture/homepage.htm 287-3871
Maine Board of Pesticides Control
http://www.state.me.us/agriculture/pesticides/ Augusta 287-2731; Presque Isle
764-2039
Soil and Water Conservation Districts
http://www.state.me.us/agriculture/oanrr/soil3.htm
Androscoggin & Sagadahoc Counties 753-9400
Central Aroostook 764-4770
Southern Aroostook 532-2087
Cumberland County 839-7839
Franklin County 778-4279
Hancock County 664-7496
Kennebec County 622-7847
Knox-Lincoln County 273-2005
Oxford County 743-5789
Penobscot County 990-3676
Piscataquis County 564-2321
St. John Valley 834-3311
Somerset County 474-8324
Waldo County 338-1964
Washington County 255-3995
York County 324-7015

Drinking Water Program

58





http://www.state.me.us/dhs/eng/water/index.html or www.medwp.com
287-2070
Environmental Protection, Department of
http://www.state.me.us/dep/ 287-7688
Forest Service, State Forester
http://www.state.me.us/doc/mfs/mfshome.htm 800-367-0223 or 287-2791
Geological Survey
http://www.state.me.us/doc/nrimc/mgs/mgs.htm 287-2801
Inland Fisheries and Wildlife, Department of
http://www.state.me.us/ifw/index.html 287-8000
Land Use Regulation Commission (LURC)
http://www.state.me.us/doc/lurc/lurchome.htm 287-2631
Marine Resources
http://www.state.me.us/dmr/ 624-6550
Planning, State Office of
http://www.state.me.us/spo/ 287-3261 or 800-662-4545
Public Utilities Commission
http://www.state.me.us/mpuc/ 287-3831
Testing Laboratory
http://www.state.me.us/dhs/etl/homepage.htm 287-2727
Transportation, Department of
www.state.me.us/mdot 624-3000
Wastewater & Plumbing Control
http://www.state.me.us/dhs/eng/plumb/index.html| 287-5689

State Resources ~ Maine

Augusta Water District
http://www.augustawater.org/ 622-3701
Bangor Water District
http://www.bangorwater.orqg/ 947-4516
Bath Water District
http://www.bathwd.org/ 443-2391
Berwick Water Department
http://www.berwickmaine.org/ 698-1231
Biddeford & Saco Water Company
http://biddefordsacowater.com/index.html 282-1543
Boothbay Region Water District
http://home.gwi.net/~bbhwater/ 633-4723
Consumers Maine Water Company
http://www.suburbanwater.com/ 800-287-1643
Gulf of Maine Council on the Marine Environment
http://www.gulfofmaine.org/ 603-225-5544
Kennebec Water District
http://www.kennebecwater.org/ 872-2763
Maine Environmental Policy Institute
http://www.meepi.org/ 622-9766
Maine Rural Water Association
http://www.mainerwa.org/ 729-6569
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Maine Snowmobile Association
http://www.mesnow.com/ 622-6983

Maine Water Utilities Association
http://www.mwua.org/ 832-2263

Natural Resources Council of Maine
http://www.maineenvironment.org/index.html 622-3101

Portland Water District
http://www.pwd.orqg/ 774-5961

Resource Conservation and Development Agencies
http://www.mint.net/HOMRCD/maine rcd.html
Aroostook, St. John Valley 764-4126
Piscataquis, Penobscot, Somerset 368-4460
Hancock & Washington 368-4460
Waldo, Knox, Lincoln, Sagadahoc, Androscoggin, Kennebec 622-7847
York, Cumberland, Oxford, Franklin 657-3131

Senator George J. Mitchell Center for Environmental & Watershed Research
www.umaine.edu/WaterResearch 581-3254

Small Woodland Owners Association of Maine
http://www.swoam.com/ 626-0005 or 877-467-9626

University of Maine Cooperative Extension http://www.umext.maine.edu
800-287-0274 (call for County Office information)
Water Quality http://www.umaine.edu/waterquality/ 581-3241
Forestry http://www.umext.maine.edu/topics/forestry.htm 581-2892
Agriculture http://www.mac.umaine.edu 800-648-0597 or 581-3204

State Resources ~ New Hampshire

NH Division of Water Supply Engineering (Department of Environmental Services)
http://www.des.state.nh.us/wseb/ 603-271-2513

New Hampshire Rivers Council
http://www.nhrivers.org/ 603-228-6472

State Resources ~ Other States

Connecticut Department of Public Health, Water Supplies Section
http://www.dph.state.ct.us/BRS/WSS/water supplies.htm 860-509-7333
Massachusetts Drinking Water Program
http://www.state.ma.us/dep/brp/dws/dwshome.htm 617-292-5770
New York City Watershed Protection Program
http://www.ci.nyc.ny.us/html/dep/html/watershed.html 718-337-4357
Rhode Island Office of Drinking Water Quality
http://www.healthri.org/environment/dwg/home.htm 401-222-6867
Vermont Water Supply Division
http://www.vermontdrinkingwater.org/ 802-241-3400

Watershed Organizations

Androscoggin River Watershed Council
http://www.andro-watershed.org/ 824-4627
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Casco Bay
http://www.cascobay.orqg/ 799-8574
China Region Lakes Alliance
http://www.kennebecwater.org/China%20Region%20Lakes%20Alliance.htm
445-5021
Cove Brook Watershed Council
http://www.mainesalmonrivers.org/cove/home.html
Dennys River Watershed Council
http://www.mainesalmonrivers.org/Dennys/home.html
Ducktrap River Coalition, Coastal Mountains Land Trust
http://www.coastalmountains.org/htm/duckt coalition.htm 236-7091
East Penobscot Bay
http://www.eastern.penbay.org/ EPBEA PO Box 482 Deer Isle, Maine 04627
Machias River Watershed Council
http://www.mainesalmonrivers.org/east machias/home.html| 255-4659
Narraguagus River Watershed Council
http://www.mainesalmonrivers.org/Narraguagus/home.html
PO Box 406 Cherryfield, ME 04622
Pleasant Pond - Four Towns Watershed Association
http://www.ftwa.org/ PO Box 1166 Gardiner ME 04345
Presumscot River
http://www.presumpscotriver.org/
Sheepscot River Watershed Council
http://www.mainesalmonrivers.org/sheepscot/home.html| 622-7847
Taunton Bay
http://www.acadia.net/tauntonbay/

Lakes

DEP lakes program
http://www.state.me.us/dep/blwag/lake.htm 287-3901

Lakes Environmental Association
http://www.mainelakes.org/ 647-8580

Maine Congress of Lake Associations
http://www.mainecola.org/ 877-254-2511

Maine Lakes Conservancy Institute
http://www.mlci.org/ 563-6529

Maine Lakes Database (PEARL)
http://peatrl.spatial.maine.edu/

North American Lake Management Society
http://www.nalms.org/ 608-233-2836

Understanding Lake Ecology
http://wow.nrri.umn.edu/wow/under/primer/index.html

Volunteer Lake Monitoring Program
http://www.state.me.us/dep/blwa/doclake/vm.htm 225-2070

Streams and Rivers

American Rivers
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http://www.americanrivers.org/ Northeast Field Office 860-652-9911
Atlantic Salmon Federation
http://www.asf.ca/ 725-2833
Maine Atlantic Salmon Commission
http://www.state.me.us/asa/lhomepage.htm 287-9972
Maine Rivers
http://www.mainerivers.org/ 800-287-2345
Maine Salmon Rivers, Downeast Salmon Federation
http://www.mainesalmonrivers.org/ 483-4336
Maine Stream Teams Program
http://www.state.me.us/dep/blwg/docstream/team/streamteam.htm
888-769-1036
River Network
http://www.rivernetwork.org/
Saco River Corridor Commission
http://www.srcc-maine.org/ 625-8123

Climate, Floods, & Drought

Climate Prediction Center
http://www.cpc.ncep.noaa.gov/ 301-763-8000
Climate-At-A-Glance
http://lwf.ncdc.noaa.gov/oa/climate/research/cag3/ME.html
Drought Outlook
http://www.droughtoutlook.com/
Federal Emergency Management Agency
www.fema.gov New England Office 617-223-9522
Maine Emergency Management Agency
http://www.state.me.us/mema/homepage.htm 800-452-8735 or 626-4503
Maine State Climate Office
http://www.umaine.edu/maineclimate/default.htm 581-3441
National Drought Mitigation Center
http://enso.unl.edu/ndmc/watch/watch.htm
National Weather Service
http://www.nws.noaa.gov/
Caribou Office http://www.erh.noaa.gov/er/car/ 496-8931
Portland Office http://mww.erh.noaa.gov/er/gyx/ 688-3216
NOAA'’s Drought Information Center
www.drought.noaa.gov
Pew Center on Global Climate Change
www.pewclimate.org
U.S. Global Change Research Program
WWW.USQCIp.gov
New England Regional Assessment http://www.necci.sr.unh.edu/
USGS Maine drought information
http://me.water.usgs.gov/droughtme.html
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Land Planning, Development, & Conservation

Center for Watershed Protection
http://www.cwp.org/ 410-461-8323

Maine Land Trust Network
www.mltn.org 729-7366

Maine Office of Community Development
http://www.meocd.org 624-7484

Maine Municipal Association
http://www.memun.org/ 623-8428

Maine Stormwater Management
http://www.state.me.us/dep/blwag/stormwtr/index.htm 287-3901

National Center for Smart Growth Research & Education
http://www.smartgrowth.umd.edu/ 301-405-6788

National Stormwater BMP Database
http://www.bmpdatabase.org/

National Trust for Historic Preservation
http://www.nthp.org/

Planners Web, Planning Commissioners Journal
http://www.plannersweb.com/

Project NEMO, an educational program for local land use officials
http://nemo.uconn.edu/
Jodi Castallo, Maine NEMO Coordinator, 771-9020
jcastall@maine.rr.com

Regional Planning Councils
http://www.state.me.us/spo/cpip/regional/region.htm
Androscoggin Valley Council of Governments
http://www.avcog.org/ 783-9186
Kennebec Valley Council of Governments
http://www.kvcog.org/kvcog.phtml 453-4258
Midcoast Regional Planning Commission
http://www.midcoast.com/~planning/ 594-2299
Northern Maine Development Commission
http://www.nmdc.org/

Greater Portland Council of Governments
http://www.gpcog.org/ 774-9891

Eastern Maine Development Corporation
http://www.emdc.org/ 942-6389

Hancock County Planning Commission 667-7131
Washington County Council of Governments 255-8686
Southern Maine Regional Planning Commission
http://www.smrpc.maine.org/ 324-2952

Smart Growth Network
http://www.smartgrowth.org/

Sprawl Watch Clearinghouse
http://www.sprawlwatch.org/frames.html

Stormwater Management Center
http://www.stormwatercenter.net/
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Funding sources

Drinking Water Program:
State Revolving Loan Funds
Source Water Protection Planning Grant Program

State Planning Office:
Land for Maine's Future land acquisition grants

Department of Environmental Protection:
319(h) Non-point source pollution grants
Watershed Protection grants for schools

Maine Office of Community Development:
Community Development Block Grants

Maine Department of Transportation:
Surface Water Quality Protection Program grants

US EPA
Catalog of Federal Funding Sources for Watershed Protection (EPA 841-B-99-
003)
http://www.epa.gov/owow/watershed/wacademy/fund.html 800-490-9198

Source Water Assessment or Protection grants for priority watersheds
Public Works and Development Facilities Program grants for facilities and
infrastructure improvements

Watershed Assistance Grants

Tribal Drinking Water Capacity Building

Clean Water Act Section 604 (b) Grants

USDA

Rural Economic and Community Development grants to develop water
systems
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Appendix C

Federal & State Laws Pertaining to Public Water Supplies
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U.S. Environmental Protection Agency

Clean Water Act, including National Pollution Discharge Elimination System
Permit Program (Phase I/ll Stormwater rules), and wetlands protection (with
Army Corps of Engineers and U.S. Fish & Wildlife Service)

Safe Drinking Water Act

Maine Department of Environmental Protection

Title 38

Bureau of Land & Water Quality

Stormwater Management Law

Wastewater Discharge Laws

Erosion and Sedimentation Control Law

Site Location of Development Act

Natural Resources Protection Act

Maine Dam Inspection, Registration, and Abandonment Act
Maine Waterway Development and Conservation Act (W/LURC)
Mandatory Shoreland Zoning Act (w/ LURC)

Act to Prevent Infestation of Invasive Aquatic Plants

Act to Prevent the Spread of Invasive Aquatic Plants

Bureau of Remediation and Waste Management

Solid Waste Management Rules

Agronomic Utilization of Residuals (agricultural sludge application)
Septage Management Rules

Hazardous Waste

Aboveground and Underground Storage Tanks

Maine Department of Agriculture, Food, and Rural Resources

Title 7

Nutrient Management Rules
Pesticides Control

Maine Department of Human Services

Title 22

Bureau of Health, Drinking Water Program

Safe Drinking Water Act
Protection of Water Sources

Bureau of Health, Wastewater & Plumbing Control Program

State Plumbing Code
Subsurface Wastewater Disposal Rules
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Maine State Police, Local Law Enforcement
Title 17

» Trespassing, Section 3860. Great pond; access or egress

Maine Department of Inland Fisheries & Wildlife
Title 12, Part 10

= ATV Regulations

»= Snowmobile Regulations

= Boating Regulations

» Hunting, Fishing, Trapping
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ABSTRACT

Selecting appropriate protection, response, and cleanup techniques, both before and
following an oil spill, affects the ultimate environmental impact and cost resulting from a
spill. The American Petroleum Institute (API) and the National Oceanic and Atmospheric
Administration (NOAA) jointly developed this guide as a tool for contingency planners and
field responders to identify response techniques that have minimal ecological impacts and
also minimize the impact of the oil. The guide provides information on 29 response methods
and classifies their relative environmental impact for combinations of four oil types and
twelve freshwater environments and habitats. Spill topics of special concern in freshwater
settings are also discussed, including public health, conditions under which oil might sink in
freshwater, oil behavior in ice conditions, permafrost, and use of firefighting foams.
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1.0 INTRODUCTION

1.1 SCOPE AND PURPOSE

Selecting appropriate oil spill protection, recovery, and cleanup techniques, before and
following an oil spill, is a critical element affecting the ultimate environmental impact and
cost resulting from a spill. It is important to identify techniques that in themselves have
minimal intrinsic ecological impact and are also effective in reducing the impact of the oil.
Furthermore, these response techniques should be considered before a spill, so that little
time needs to be spent preparing for the response during a spill.

The American Petroleum Institute (API) and the National Oceanic and Atmospheric
Administration (NOAA) jointly developed this guide as a tool to help contingency planners
and field responders evaluate response techniques and choose those that will most
effectively prevent or minimize adverse ecological impact. Information is provided to help
select response techniques for specific combinations of habitat and oil types. Each technique
is evaluated individually for a specific habitat; however, during spill response more than
one technique may be used at the same time on one or more habitats.

The discussions in this guide reflect primarily the assessment of the environmental impact of
the response methods. This guide also recognized that the selected techniques should be
effective. They must remove a significant amount of oil from the environment or prevent or
reduce oil impact, and they must have acceptable impact on the habitat as compared to
leaving the oil alone (natural recovery). Prolonged use of an inefficient technique may be
more ecologically detrimental than short-term use of a potentially more intrusive approach
(e.g., frequent entry into a marsh to replace sorbents rather than vacuuming pooled oil).

Reducing the overall ecological impact of a spill event is the primary concern of this guide,
and it is applicable for inland, freshwater environments and habitats only. This guide does
not address land-only, chemical, or marine spills. It also does not discuss legal or regulatory
issues; safety considerations; or guidance on planning, organizing, and conducting a spill
response effort. The manual may be customized for specific geographic areas to address
special priorities and concerns.

Specific spill conditions will often dictate the response techniques used, and selection
always involves tradeoffs. For example, a potentially ecologically damaging, but efficient,
cleanup technique could be used to meet site-specific response goals. Also, techniques may
be used early in response simply because they can be implemented immediately, rather than





waiting until ones with lower impact can be mobilized. A method that has a significant
short-term ecological impact, such as in-situ burning, may actually produce the lowest long-
term ecological impact because it removes the oil quickly.

1.2 BACKGROUND

Oil spills into inland waters differ from coastal or marine spills from several perspectives.
For instance, inland spills are usually in freshwater habitats. Inland spills are also more
frequent than marine spills, and they often involve smaller volumes of oil. Refined product
spills are more common in freshwater, while crude oil spills comprise the majority of marine
spills. Inland spills have a much higher potential to contaminate water supplies (surface as
well as groundwater), to affect areas of concentrated populations, and to impact manmade
structures and human activities. In coastal and marine environments, wave and tidal action
are important mechanisms for dispersion and transport of oil and in removing oil from
shorelines. These mechanisms are less important in freshwater habitats, where currents and

floods are more important factors.

The knowledge base for response to oil spills reflects the disparity of information available
between marine spill response and freshwater response. The lack of literature and guidelines
for inland spill response prompted several efforts to improve this shortcoming. Preparation
of this guide began with a workshop sponsored by API on Inland Oil Spills, conducted in
Dearborn, Michigan, November 19-21, 1991. The objective of the workshop was to bring
together the oil spill response community experienced and/or responsible for responding to
freshwater crude oil or petroleum product spills, and to develop strategies through
consensus for dealing with spills in different freshwater environments and shoreline
habitats. The information from that workshop was the basis for development of this guide.
However, the final guidelines presented here are based on the educated and experienced
opinions of oil spill experts in industry and government.





1.3 ORGANIZATION OF GUIDELINES

The guide identifies response methods for twelve primary freshwater habitats (Table 1),
which represent various waterways and shoreline types. Each habitat is treated separately
in the guide, although the spill responder will be confronted with a variety of habitats.

Table 1. Primary freshwater environments and habitats included in this guide.

Water Environments Shoreline Habitats
Open Water Bedrock
Large Rivers Manmade Structures
Small Lakes and Ponds Sand
Small Rivers and Streams Mixed Sand and Gravel
Gravel
Vegetated Shorelines
Mud
Wetlands

Section 2 of the guide includes:

= Response method summary matrices for the four primary water environments and
eight shoreline habitats for four general oil types.

Section 3, arranged by water environment and shoreline habitat, contains:

e A detailed description of the environment or habitat; and
= Matrices of response methods in terms of recommended use for each of the four
general oil types.

Section 4 of the guide contains detailed descriptions of the response methods listed in the
matrices. The following headings are used:

e Objective;

= Description;

= Applicable habitats;

= When to use;

= Biological constraints; and
e Environmental impact.

Section 5 discusses the following special issues of concern in freshwater settings:

= Public health concerns;

= Conditions under which oil might sink;

< Qil behavior under ice conditions;

= Oil behavior and response in permafrost habitats; and





= Firefighting foam.





1.4 SENSITIVITY OF ENVIRONMENTS AND HABITATS

Habitat sensitivity is a function of several factors, including degree of exposure to natural
removal processes, biological productivity and ability to recover following oil exposure,
human use of the habitat, and ease of oil removal. These factors are used to rank the overall
sensitivity of shoreline habitats to spilled oil as part of the Environmental Sensitivity Index
(ESI). This guide focuses on one element of environmental sensitivity, namely the sensitivity
of habitats to impacts resulting from oil removal. ESI shorelines are grouped according to the
oil removal considerations used in this guide. The correlation between the shoreline habitat
groupings in this guide and the shoreline rankings in the ESI atlases published for the U.S.
Great Lakes is shown in Table 2, the summary tables, and Chapter 3. It should be noted
that some groupings include both low and high sensitivity habitats, particularly where both
sheltered and exposed habitats are grouped, such as bedrock and manmade structures.

Table 2. Correlation of the shoreline habitats discussed in this guide with the
Environmental Sensitivity Index (ESI) shoreline rankings for the Great

Lakes.
Shoreline Habitats ESI Ranking and Description
Bedrock ESI = 1A Exposed Rocky Cliffs
ESI=2 Shelving Bedrock Shores
ESI =8A Sheltered Rocky Shores
Manmade Structures ESI=1B Exposed Solid Seawalls
ESI =6B Riprap Structures
ESI =8B Sheltered Solid Manmade Structures
Sand ESI=4 Sand Beaches
Mixed Sand and Gravel ESI=3 Eroding Scarps in Unconsolidated
Sediment
ESI=5 Mixed Sand and Gravel Beaches
Gravel ESI =6A Gravel Beaches
Vegetated Shorelines ESI=9A Sheltered Low Vegetated Banks/Bluffs
Mud ESI=9B Sheltered Sand/Mud Flats





Wetlands ESI=10A  Fringing Marshes
ESI=10B Extensive Marshes





The differences in oil behavior, persistence, and need for cleanup between sheltered and
exposed sites are addressed in the discussion of these habitats.

Sensitivity issues of special concern to inland areas include strong seasonal variations in
biological productivity and exposure to physical processes, urban areas with extensive
manmade structures along the shoreline, and populated areas that are very near shorelines
and bodies of water when human-health concerns can dominate cleanup issues. Important
seasonal considerations include presence of ice in winter; variations in water level, which
greatly influence habitats likely to be exposed to oil, flooding of stranded oil, and natural
removal rates; sensitivity of vegetation to direct oiling impact; and use of habitats by
migratory birds.

1.5 IMPACT OF RESPONSE METHODS IN THE ABSENCE
OF OIL

The following criteria were used to evaluate the relative impact of each technique in the
absence of oil, primarily due to physical disturbances of mechanical methods and toxic
impacts from chemical and biological methods. The results are shown in Table 3. Impacts
from use of individual products and equipment types vary. The information provided to
evaluate impacts in the absence of oil addresses generic characteristics of the response
techniques and does not consider those variations. Additional information on environmental

impacts is provided in the discussions of each technique in Section 4.

e Low Physical damage to the substrate and vegetation is minimal. Toxic
impact is likely to be of limited areal extent and short duration. Restabilization
or repopulation of the habitat is likely within six months.

= Moderate Physical damage to the substrate and vegetation may occur, with
increased erosion potential in sedimentary habitats. Toxic impact is such that
restabilization or repopulation of the habitat may take six to twelve months.

< High Physical damage to the substrate and vegetation is expected. Erosion
potential may be high for the technique. The ecosystem may be adversely
affected. Restabilization or repopulation of the habitat may take more than

twelve months.

Those techniques that are clearly ineffective or inapplicable for a habitat are indicated with
a dash (—). For cases where there is insufficient information to evaluate impact in the
absence of oil, an “I”” is used.





Table 3. Relative impact of response methods in the absence of oil.

WATER ENVIRONMENT SHORELINE HABITAT
Response Open Small Large Small Man- Vegetated Sand and
Method Water Lakes/Ponds Rivers Rivers/Streams Bedrock Made Sand Shores Gravel Gravel Mud Wetlands

PHYSICAL RESPONSE METHODS
Natural Recovery
Booming
Skimming
Barriers/Berms

Physical Herding
Manual Oil Removal/Cleaning

Mechanical Removal
Sorbents

Vacuum
Debris Removal
Sediment Reworking
Vegetation Removal
In-Situ Burning
Flooding
Low-Pressure, Cold-Water Flushing -
High-Pressure, Cold-Water Flushing — - - -
Low-Pressure, Hot-Water Flushing - - - —
High-Pressure, Hot-Water Flushing - - - -
Steam Cleaning - - - -
Sand Blasting - - - -
CHEMICAL RESPONSE METHODS
Dispersants L H L
Demulsifiers L L L
Visco-Elastic Agents L M L
L M L
L L L
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Herding Agents

Solidifiers

Chemical Shoreline Pretreatment - - - -

Shoreline Cleaners - - - -
BIOLOGICAL RESPONSE METHODS

Nutrient Enrichment L M L L

Natural Microbe Seeding | | | | | | I I I | | |

rTr T
S —r 1 |
——=r 0 |
=-=00
-l
E-=0
< —r— 1 |
= -0
-l

-
-
-
—
-
-
-
-

L = Low; M = Moderate; H = High; | = Incomplete Information; "-* = Not applicable for this oil type





1.6 CLASSIFICATION OF OIL RESPONSE METHODS

The classifications developed for this guide compare the relative environmental impact of
specific response methods for a given environment or habitat and oil type. It should be
noted that the methods were compared among themselves, and no one method was used as
a standard. The relative effectiveness of a response technique’s ability to protect a habitat
or remove oil is not explicitly considered. Relative effectiveness is only incorporated into the
classification where less effective methods could result in longer application and thus
greater ecological impacts, or leave higher oil residues in the habitat.

The classification categories are defined as follows:
A May cause the least adverse habitat impact
B May cause some adverse habitat impact
C May cause significant adverse habitat impact
D May cause the most adverse habitat impact

I Insufficient Information - impact or effectiveness of the method could not be
evaluated at this time

Those techniques that are clearly ineffective (e.g., herding agents on heavy oils) or

inapplicable for an oil type or habitat (e.g., sand blasting of mud habitats) are indicated
with a dash (—).

1.7 ASSUMPTIONS USED IN THE DISCUSSION OF
METHODS

This guide was prepared with several assumptions:

Proper Application of Methods

It is assumed that methods will be properly applied by trained personnel. For
example, if booms are recommended, these guidelines assume that the booms will be
effectively located and correctly deployed. Improper application of almost any
technique can render it ineffective or cause additional damage. For general guidance
on application, see the publications listed in Appendix A. In cases where instruction
for using a protection or cleanup method may be habitat-specific, see Section 4.
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Evaluation of Relative Impact of Methods

Each method was evaluated independently for each habitat. In an actual response,
however, the methods cannot be evaluated in isolation from each other. Specific spill
conditions will often dictate the need for different techniques for the same water
environment or shoreline habitat. For example, a high degree of oiling or low
exposure to natural removal processes may require a more intrusive technique to
accelerate recovery in specific areas. The sensitivity of adjacent habitats may lead to
the decision not to use an appropriate method because of the likelihood of
secondary impact caused by cleanup of nearby sites. Finally, from an operational
perspective, it may be necessary to use available methods early during a spill, rather
than waiting for equipment or materials to arrive or teams to be trained in use of a
less damaging technique.

Relative Effectiveness of Methods

The relative effectiveness of response methods to protect habitats and remove oil is
a key consideration when selecting from various response methods. Although this
guide attempts to consider only the environmental impact, effectiveness was
incorporated into the discussion of methods in three ways.

First, those methods thought to be totally ineffective or inapplicable for an
environment or habitat were not even listed in the habitat-specific matrices. For
example, barrier/berms are not listed on the open-water matrices, and mechanical
removal is not listed on the bedrock matrices.

Second, those methods that were clearly ineffective or inapplicable for a specific oil
type within a habitat matrix were designated with a dash (—). Examples include
using solidifiers on heavy oils in open water and emulsion-treating agents on gasoline
products.

Third, those methods that are feasible, but likely to leave a significant amount of oil
at the end of treatment, are given a lower classification. Often this change in
effectiveness is associated with oil type, e.g., low-pressure, cold-water flushing is
given a lower classification for heavy oil than medium oil because of its lower
efficiency at oil removal. Similarly, methods such as manual and mechanical oil
removal and sediment reworking that would have little effect on gasoline, which
tends to evaporate quickly, are given lower classifications because the impact of the
methods are not balanced by benefits from removing the oil.





Restrictions for Using Response Methods

Restrictions related to safety, weather, spill size, or regulatory constraints cover a
wide spectrum of scenarios. It is thus impractical to discuss every possible situation
or combination of factors in a set of guidelines. Some of this information, if
appropriate, is included in the discussion under each habitat (Section 3) or in the
descriptions of each method (Section 4). Many other considerations can come into
play, such as worker safety and aesthetic, social, and economic impacts. Specific
safety issues dealing with responding to gasoline spills are reflected in the tables. It
should be noted that using chemical methods will require approvals from state
and/or Federal regulatory agencies.

1.8 CLASSIFICATION OF OIL TYPES

Inland oil spills can involve a wide range of crude oils and refined products. The type of oil
spilled is a key consideration in developing response and cleanup strategies. Oil properties
important in characterizing oil types include:

Flash point Highly volatile oils, which evaporate rapidly after a release, may pose
significant fire risks to responders. Often, the safest option is to allow the product to
evaporate. Evaporation is an important mechanism for removing the spill from the
water or shore because it lessens the need for cleanup and concern for associated
impacts. Highly volatile oils completely evaporate in one to two days.

Specific gravity/API gravity Oils with a specific gravity greater than 1.00 (API
gravity of less than 10) will sink in freshwater. However, those with a specific
gravity of 0.95 or higher (API gravity less than 17.5) are also at risk of sinking once
they become mixed with suspended sediments. When these oils have stranded on a
shoreline, sediment incorporated from the shoreline can cause sinking if it is eroded
from the shoreline.

Viscosity Viscosity controls both the rate that oil spreads on water and its likely
depth of penetration into the substrate once on shore. Low-viscosity oils spread
rapidly into thin sheens, increasing the surface area and making recovery difficult.
They readily penetrate into sediments and debris. Viscous oils can be so thick that
they do not spread, particularly when spilled on cold water. They are more likely to
coat rather than penetrate shorelines.

11





Emulsion formation Under certain conditions, oil slicks will form a water-in-oil
emulsion often called “chocolate mousse.” This material can contain up to 80
percent water and can be many orders of magnitude more viscous than the spilled
oil. There is no simple qualitative measure of the tendency to form emulsions.
Emulsions are stabilized by natural or added surfactants, or compounds that act
like surfactants, in the spilled oil. Gasoline does not emulsify, while diesel can
quickly emulsify. Many crude oils can form stable emulsions. When an emulsion is
formed, the oil changes in appearance and viscosity, becoming much more difficult to
address from a spill-response perspective: the fluid is more viscous and hard to
pump, and the volume has increased by a factor of four to five.

Adhesion The ease with which spilled oil can be physically removed from surfaces,
usually by water flushing or vacuum, is an important factor in planning cleanup
operations. The range of response methods needed for shoreline cleanup will depend
largely on whether stranded oil adheres to substrate and response equipment.
However, adhesion is a poorly defined parameter that is difficult to predict.

We use an oil classification scheme based on these properties to define four categories of oil.
Characteristics of the four general types are provided below (Table 4), along with
representative oils. Weathering tends to change the physical and chemical properties of oil,
usually making it more viscous and cleanup techniques less effective. Methods used during
the initial response should be re-evaluated as time elapses and as the oil changes in
character. To some extent, this re-evaluation may be achieved by using the four tables for oil
types in sequence, thus simulating the weathering process. Extremely heavy oils or those
that are solid at ambient temperatures, such as asphalt, are not addressed below but are
discussed as a special consideration in Section 5.
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Table 4. The four types of oil used in this guide and their characteristics.

Gasoline Products

Very volatile and highly flammable (flash point near 100;F/40;C)
High evaporation rates

Narrow cut fraction with no residues

Low viscosity; spread rapidly to a thin sheen

Specific gravity less than 0.80

High acute toxicity to biota

Do not emulsify

Will penetrate substrate; nonadhesive

KK KKK K K K

Diesel-like Products and Light Crude Oils (No. 2 fuel oil, jet fuels, kerosene, West Texas

crude, Alberta crude)

¥ Moderately volatile (flash point varies 100-150;F/40-65;C)

¥ Refined products can evaporate to no residue

¥ Crude oils do have a residue after evaporation is completed

¥ Low- to moderate viscosity; spread rapidly into thin slicks

¥ Specific gravity of 0.80-0.85; API gravity of 35-45

¥ Moderate to high acute toxicity to biota; product-specific toxicity related to type and
concentration of aromatic compounds

¥ Can form stable emulsions

¥ Tend to penetrate substrate; fresh spills are not adhesive

¥ Stranded light crudes tend to smother organisms

Medium-grade Crude Oils and Intermediate Products (North Slope crude, South Louisiana

crude, No. 4 fuel oil, IFO 180, lube oils)

Moderately volatile (flash point higher than 125jF/50;C)

Up to one-third will evaporate in the first 24 hours
Moderate to high viscosity

Specific gravity of 0.85-0.95; API gravity of 17.5-35
Variable acute toxicity, depending on amount of light fraction
Can form stable emulsions

Variable substrate penetration and adhesion

Stranded oil tends to smother organisms

KK K K K K K K

Heavy Crude Oils and Residual Products (Venezuela crude, San Joaquin Valley crude,
Bunker C, No. 6 fuel oil)

Slightly volatile (flash point greater than 150iF/65;C)

Very little product loss by evaporation

Very viscous to semisolid; may become less viscous when warmed

Specific gravity of 0.95-1.00; API gravity of 10-17.5

Low acute toxicity relative to other oil types

Can form stable emulsions

KK K KK K
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¥ Little penetration of substrate likely, but can be highly adhesive
¥ Stranded oil tends to smother organisms





2.0 SUMMARY OF RESPONSE METHODS AND HABITATS

Tables 6 through 13 provide overviews of the physical, chemical, and biological response
methods for four different oil types as applied to all water environments and shoreline
habitats. Detailed information regarding specific habitats is provided in Section 3. Users of
this guide should consult the matrices and summaries in Section 3 for descriptions of
assumptions and circumstances applicable to the various methods. We encourage you to
refer to Section 4 for more information on each response method. Also, the references listed
in Appendix A can provide valuable, detailed information on specific topics or
applications.

It is important to note that the classifications primarily reflect the likely relative
environmental impact resulting from properly implementing a response method within each
habitat. However, when there are overriding effectiveness or safety issues associated with a
specific oil type or habitat, these methods have been classified as “not applicable” and are
denoted with a dash (—) on the matrices. In the case of response to gasoline-type spills,
many methods have been classified as “not applicable” because of the fire hazard to the
responders. Although responders have used many of these methods at gasoline spills to
protect resources or clean up the spill, discussion of the spill-specific circumstances that
made their use possible are beyond the scope of this document.

Natural recovery is included in the tables since natural processes can be adequate, on their
own, to remediate impact from an oil spill. It also presents no added environmental stress
due to human spill response activities. Therefore, natural recovery is often classified as
having the least adverse habitat impact in the summary tables.

Since there is little information regarding the environmental impact of in-situ burning,
chemical treatment, and biodegradation enhancement in freshwater habitats, the evaluation
and discussion are based on the best available knowledge on how they work and any past
use. In most cases this knowledge results from past experience with marine spills. Where
there is too little information to evaluate a technique (e.g., chemical shoreline pretreatment),
an “1”, for insufficient information, is used in the tables.

Spill response techniques described in this guide for inland water habitats include
protection, recovery, and cleanup methods. The main objective of protection is keeping oil
out of a habitat, or reducing the amount of oil that enters. Recovery consists of removal of
floating oil from the water surface. Cleanup consists of removal of stranded oil. Frequently,
these methods may be used for several response phases, such as deploying boom for
protection or for containing oil washed off a river bank during cleanup.
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Table 5.

ESI No.
1A
1B
2
3
4
5
6A
6B
-
8A
8B
9A
9B
10A
10B

Key to ESI codes used in Tables 7, 9, 11, and 13.

Shoreline Type

Exposed rocky cliffs

Exposed solid seawalls

Shelving bedrock shores

Eroding scarps in unconsolidated sediments
Sand beaches

Mixed sand and gravel beaches

Gravel beaches

Riprap structures

Exposed tidal flats (not present in Great Lakes)
Sheltered rocky shores

Sheltered, solid, manmade structures
Sheltered vegetated low banks/bluffs
Sheltered sand/mud flats

Freshwater marshes (herbaceous vegetation)
Freshwater swamps (woody vegetation)
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Table 6. GASOLINE PRODUCTS: Summary of relative environmental impact from res
for spills in water environments.

WATER ENVIRONMENT

Response Open Large Small Small
Method Water Rivers Lakes/Ponds Rivers/Streams

PHYSICAL RESPONSE METHODS

>

Natural Recovery A A A
Booming - Containment - - - _
Booming - Deflection/Exclusion A A A
Skimming - - -
Barriers/Berms = - —
Physical Herding B B (o
Manual Oil Removal/Cleaning - - -
Mechanical Oil Removal - - - -
Sorbents - - - _

W w > >

Vacuum - - - -
Debris Removal - - - -
Sediment Reworking - - - -
Vegetation Removal - - - -
In-Situ Burning - - B C
Flooding - - - -
Low-Pressure, Cold-Water Flushing - - - -
High-Pressure, Cold-Water Flushing - - - -
Low-Pressure, Hot-Water Flushing - - — —
High-Pressure, Hot-Water Flushing - - - -
Steam Cleaning - - - -
Sand Blasting - - - -
CHEMICAL RESPONSE METHODS

Dispersants D D D D
Emulsion Treating Agents — — - -
Visco-Elastic Agents - = =
Herding Agents
Solidifiers

Chemical Shoreline Pretreatment - — - -
Shoreline Cleaning Agents - - - -

BIOLOGICAL RESPONSE METHODS

Nutrient Enrichment - = - -
Natural Microbe Seeding - - - -

The following categories are used to compare the relative environmental impact of each response me
for the specific environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this t





Table 7. GASOLINE PRODUCTS: Summary of relative environmental impact from response
spills in shoreline habitats.
SHORELINE HABITAT

Response Man- Vegetated Sand and
Method Bedrock Made Sand Shores Gravel Gravel Mud Wetlands
PHYSICAL RESPONSE METHODS 1,2,8* 1,8 3,4 9 5 6 7,9 10
Natural Recovery A A A A A A A A
Booming - - - - - - - -
Skimming - - - - - - - -

Barriers/Berms — — — — - — _ _

Physical Herding - = = = - - -
Manual Oil Removal/Cleaning - -

O O
O O
O O
O O

Mechanical Oil Removal - -
Sorbents B

v9)
|
|
|
|
o O O
O 0O O

Vacuum = = =
Debris Removal — — —

Sediment Reworking - - D
Vegetation Removal - — _

O O

In-Situ Burning - -
Flooding B B
Low-Pressure, Cold-Water Flushing B B
High-Pressure, Cold-Water Flushing B B
Low-Pressure, Hot-Water Flushing — -
High-Pressure, Hot-Water Flushing - -

OO0 0O W
OO0 0O @
gooOow >»
gooO>» >
OO0 OO0 WO
OO0 O W ® OO

Steam Cleaning - =

Sand Blasting - - - - - - - -
CHEMICAL RESPONSE METHODS

Dispersants - - - - - - - —

Emulsion Treating Agents - - = = = - - -
Visco-Elastic Agents - - - - - - - -

Herding Agents - - — = = — - —
Solidifiers - B - - - - D D

Chemical Shoreline Pretreatment - - - - - - | |
Shoreline Cleaning Agents - - - - - - - -

BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment - - — — — — _ _

Natural Microbe Seeding - - - = = - - -

*Key to ESI codes in Table 5 on page 12.
The tollowing categories are used to compare the relative environmental impact of each response method f
or habitat for each oil type, using the following definitions:

A= May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.

C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.

"-"=Not applicable for this oil type.





Table 8. DIESEL-LIKE OILS: Summary of relative environmental impact from respon
spills in water environments.
WATER ENVIRONMENT
Response Open Large Small Small
Method Water Rivers Lakes/Ponds Rivers/Streams

PHYSICAL RESPONSE METHODS

Natural Recovery
Booming
Skimming
Barriers/Berms

> > >
> > >
> > W
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Physical Herding
Manual Oil Removal/Cleaning
Mechanical Oil Removal - -

Sorbents
Vacuum

> w
W > w
W >>000
W > >00®> > >0

Debris Removal

Sediment Reworking
Vegetation Removal
In-Situ Burning

Flooding - - - -
Low-Pressure, Cold-Water Flushing - - - -
High-Pressure, Cold-Water Flushing - - - -
Low-Pressure, Hot-Water Flushing - - - -
High-Pressure, Hot-Water Flushing - - — -
Steam Cleaning - - - -

> w
T @
o @
T @

Sand Blasting - - - -

CHEMICAL RESPONSE METHODS
Dispersants B C D D
Emulsion Treating Agents B B | |
Visco-Elastic Agents B B B B
Herding Agents B D B D
Solidifiers B B B B
Chemical Shoreline Pretreatment - - - -
Shoreline Cleaning Agents - - - -

BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment - - | |
Natural Microbe Seeding - - | |

The following categories are used to compare the relative environmental impact of each response m
for the specific environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this
Not applicable for this oil type.





Table 9. DIESEL-LIKE OILS: Summary of relative environmental impact from response met
shoreline habitats.

SHORELINE HABITAT

Response Man- Vegetated Sand and
Method Bedrock Made Sand Shores Gravel Gravel Mud Wetlands
PHYSICAL RESPONSE METHODS 1,2,8* 1,8 3,4 9 5 6 7,9 10
Natural Recovery A A A A A A A A
Booming - - - - - - - -
Skimming - - - - - - - -

Barriers/Berms — — _

Physical Herding - -

Manual Oil Removal/Cleaning B A B B B B D D
Mechanical Oil Removal — - B C C D D D
Sorbents A A A A A A A A
Vacuum B B B B B B C B
Debris Removal A A A B A A B B
Sediment Reworking - - B D B B D D
Vegetation Removal - - - B - - - C
In-Situ Burning B B — B - — c B
Flooding A A A A A A A A
Low-Pressure, Cold-Water Flushing A A B A A A C A
High-Pressure, Cold-Water Flushing B A D C C B D D
Low-Pressure, Hot-Water Flushing C B C D C C D D
High-Pressure, Hot-Water Flushing D B D D D D D D
Steam Cleaning D C - - D D - -
Sand Blasting D C - - - - - -
CHEMICAL RESPONSE METHODS
Dispersants - - - - — - - -
Emulsion Treating Agents - - - - - - - -
Visco-Elastic Agents - - - - - - - -
Herding Agents - - - - - - - -
Solidifiers B B B D - - D D
Chemical Shoreline Pretreatment | | | | | | I |
Shoreline Cleaning Agents - B - | - - D |
BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment C C B B B B I I

Natural Microbe Seeding I I | | | | | |

*Key to ESI codes in Table 5 on page 12.
The following categories are used to compare the relative environmental impact of each response method fc

habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.

B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.

D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.

"-"= Not appliable for this oil type.





Table 10. MEDIUM OILS: Summary of relative environmental impact from response
spills in water environments.

WATER ENVIRONMENT
Response Open Large Small Small
Method Water Rivers Lakes/Ponds Rivers/Streams

PHYSICAL RESPONSE METHODS

Natural Recovery
Booming
Skimming
Barriers/Berms -
Physical Herding

Manual Oil Removal/Cleaning
Mechanical Oil Removal -
Sorbents
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Debris Removal
Sediment Reworking -
Vegetation Removal
In-Situ Burning

Flooding - - - -
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Low-Pressure, Cold-Water Flushing - - - -
High-Pressure, Cold-Water Flushing - - - -
Low-Pressure, Hot-Water Flushing - - - -
High-Pressure, Hot-Water Flushing - - - -
Steam Cleaning - - - -
Sand Blasting - - - -

CHEMICAL RESPONSE METHODS
Dispersants B C D D
Emulsion Treating Agents B B | |
Visco-Elastic Agents B B B B
Herding Agents B D B D
Solidifiers B B B B
Chemical Shoreline Pretreatment - - - -
Shoreline Cleaning Agents - - - -

BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment I I I I
Natural Microbe Seeding I I | |

The following categories are used to compare the relative environmental impact of each response mu
for the specific environment or habitat for each oil type, using the following definitions:

A = May cause the least adverse habitat impact.

B = May cause some adverse habitat impact.

C = May cause significant adverse habitat impact.

D = May cause the most adverse habitat impact.

I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this
" = Not applicable for this oil type.





Table 11. MEDIUM OILS: Summary of relative environmental impact from response
methods for spills in shoreline habitats.

SHORELINE HABITAT

Response Man- VegetatedSand and
Method Bedrock Made Sand Shores  Gravel Gravel Mud Wetlands
PHYSICAL RESPONSE METHODS 1,2,8* 1,8 3,4 9 5 6 7,9 10
Natural Recovery A B B B B B A A
Booming - - - - - - - -
Skimming - - - - - - - -

Barriers/Berms — — _

Physical Herding - - -

Manual Oil Removal/Cleaning B B A B A B C C
Mechanical Oil Removal - - B C B C D D
Sorbents A A A B A A A A
Vacuum B B B B B B B B
Debris Removal A A A B A A B B
Sediment Reworking - - B D B B D D
Vegetation Removal - - - B - - - C
In-Situ Burning B B B B B B C B
Flooding B B A A A A A A
Low-Pressure, Cold-Water Flushing A A B A A A C A
High-Pressure, Cold-Water Flushing B A D C C B D D
Low-Pressure, Hot-Water Flushing B B C D C C C D
High-Pressure, Hot-Water Flushing C B D D D D D D
Steam Cleaning D C - - D D - -
Sand Blasting D C - - - - - -
CHEMICAL RESPONSE METHODS
Dispersants - - - - - - - -
Emulsion Treating Agents — - - - - - — -
Visco-Elastic Agents - - - - - - - -
Herding Agents - - - - - - - -
Solidifiers B B B D B B C D
Chemical Shoreline Pretreatment | | | I | | I I
Shoreline Cleaning Agents B B B I B B D |
BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment C C B B B B I I

Natural Microbe Seeding | | | I I | | |

*Key to ESI codes in Table 5 on page 12.
I he tollowing categories are used to compare the relative environmental iImpact of each response method 1
or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.

-" = Not applicable for this oil type.
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Table 12. HEAVY OILS: Summary of relative environmental impact from response r
spills in water environments.

WATER ENVIRONMENT

Response Open Large Small Small
Method Water Rivers Lakes/Ponds Rivers/Streams

PHYSICAL RESPONSE METHODS

Natural Recovery B C C C
Booming A A A A
Skimming A A A A
Barriers/Berms - - — A
Physical Herding B B B B
Manual Oil Removal/Cleaning B B B B
Mechanical Oil Removal B B C C
Sorbents B B A A
Vacuum A A A A
Debris Removal - B B B
Sediment Reworking - - - -
Vegetation Removal B B B B
In-Situ Burning A B B B

Flooding - - - -
Low-Pressure, Cold-Water Flushing - - - -
High-Pressure, Cold-Water Flushing -

Low-Pressure, Hot-Water Flushing - - - -
High-Pressure, Hot-Water Flushing - - - -
Steam Cleaning - - - -
Sand Blasting - - - -

CHEMICAL RESPONSE METHODS
Dispersants - - - -
Emulsion Treating Agents B B | |
Visco-Elastic Agents - - - -
Herding Agents - - - -
Solidifiers - - - -
Chemical Shoreline Pretreatment - - = =
Shoreline Cleaning Agents - - - -

BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment I I | |
Natural Microbe Seeding | I | |

The following categories are used to compare the relative environmental impact of each response m:
for the specific environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this
Not applicable for this oil type.





Table 13. HEAVY OILS: Summary of relative environmental impact from response method
in shoreline habitats.

SHORELINE HABITAT

Response Man- Vegetated Sand and
Method Bedrock Made Sand Shores Gravel Gravel Mud Wetlands
PHYSICAL RESPONSE METHODS 1,2,8* 1,8 3,4 9 5 6 7,9 10
Natural Recovery B B B B B B B B
Booming - - - - - - - -
Skimming - - - - - - - -

Barriers/Berms — — _

Physical Herding - - -

Manual Oil Removal/Cleaning A A A B A A C C
Mechanical Oil Removal - - A C B C D D
Sorbents B B B B B B B A
Vacuum B A B B B B B B
Debris Removal A A A B A A B B
Sediment Reworking - - B D B B D D
Vegetation Removal - - - B - - - C
In-Situ Burning B B B B B B C B
Flooding C C B B C C A B
Low-Pressure, Cold-Water Flushing C C B B B B C B
High-Pressure, Cold-Water Flushing B B D D C B D D
Low-Pressure, Hot-Water Flushing B B B D B B C D
High-Pressure, Hot-Water Flushing C B D D D D D D
Steam Cleaning D C - - D D - -
Sand Blasting D C - - - - - -
CHEMICAL RESPONSE METHODS
Dispersants - - - - - - - -
Emulsion Treating Agents — - — - — — - -
Visco-Elastic Agents - - - - - - - -
Herding Agents - - - - - - - -
Solidifiers - - - - - - - -
Chemical Shoreline Pretreatment | | | I | | I I
Shoreline Cleaning Agents B B B | B B D |
BIOLOGICAL RESPONSE METHODS
Nutrient Enrichment D D C B C C I I

Natural Microbe Seeding | I | I | | I |

*Key to ESI codes in Table 5 on page 12.
The following categories are used to compare the relative environmental impact of each response method f
habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
" = Not applicable for this oil type.





3.0 SPILL RESPONSE METHODS FOR SPECIFIC INLAND
HABITATS

3.1 INTRODUCTION

Oil spill protection, recovery, and cleanup methods are described in the following sections
for four water environments and eight shoreline habitats. Each section is organized in the
following format:

= Description of the environment or habitat;
= Matrices of response methods for four oil types; and
= Short summaries of the key issues considered for each response method.

The inland habitats are presented in order of their sensitivity, from least to most sensitive to
oil spill impact, first for water environments, then for shoreline habitats. Accordingly, water
environments begin with large rivers and end with small lakes and ponds. Shoreline habitats
begin with bedrock and end with wetlands.

Response methods in each matrix are listed in order, generally beginning with those that
cause the least adverse habitat impact, to those that can cause the most adverse habitat
impact. Methods for which insufficient information is available for some habitats are listed
last. Methods that are not applicable for all four oil types are excluded from the tables.

The use of water environments and shoreline habitats generally reflects the distinction
between oil on a water body versus oil that is stranded at the land-water interface. Water-
based activities consist mostly of containment, protection, and collection methods while
onshore response includes protection, recovery, and cleanup. A large spill will likely affect a
wide range of habitats and require use of many different methods. However, large spills can
be divided into a series of small spills for developing site-specific response strategies. Often,
more than one response method can be used with minimal habitat impacts. Spill conditions
may dictate selecting a specific method, or combination of methods, over other possible
methods.

We encourage you to refer to Section 4 for more information on each response method. Also,
the references listed in Appendix A can provide valuable, detailed information on specific
topics or applications.
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3.2 OPEN WATER
Habitat Description

Open-water environments exist in large water bodies, such as the Great Lakes, Lake
Champlain, and Lake Mead. These large water bodies have ocean-like wave and current
conditions; however, lake currents are generally weak (less than one knot). Local weather
conditions commonly cause sudden changes in sea state. Suspended sediment loads are
highly variable, both spatially and over time. River mouths are particularly problematic
areas, with high suspended sediment and debris loads, shallow zones, and manmade
structures, which create complex water circulation patterns.

Thermal stratification with an upper, warm layer over cool, denser water is a common
feature of large lakes during the warmer months. In most temperate lakes, stratification ends
in the autumn when surface cooling combines with water mixing from high winds. Ice
formation is a common characteristic of interior and northern lakes in winter months.
Although all inland waters are surrounded by land, response operations for open-water
environments are water-based; that is, protection and recovery equipment must be deployed
from vessels.

Sensitivity

Open waters are considered to have low to medium sensitivity to oil spill impact because
physical removal rates are high, water-column concentrations of oil can be rapidly diluted,
and most organisms are mobile enough to move out of the area affected by the spill.
Enclosed and protected areas of large lakes are more sensitive than offshore and nearshore
waters because of slower dilution rates. Oil spills can affect fish in the water column, with
the early life stages at greatest risk. Also, many birds (waterfowl, raptors, gulls, terns, and
diving birds) feed and rest on the water, and therefore are highly vulnerable. Human use of
affected areas may be restricted for a period of time, potentially limiting access for
navigation, transportation, water intakes, or recreational activities during the spill.

Free-floating flora or mats can occur in sheltered bays of nutrient-rich lakes. Such mats may
be particularly susceptible to oil because of their location in bays where oil may accumulate.
Moreover, the plants are at the water surface (where the oil is) and without underground
roots to regenerate after being oiled.
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Table 14. Relative environmental impact from response methods for OPEN WATER environ-
ments.

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Qils QOils

>
>

Booming - Deflection/Exclusion A
Booming - Containment -
Skimming/Vacuum -
In-Situ Burning -
Natural Recovery A
Physical Herding B
Sorbents -
Vegetation Removal -
Emulsion Treating Agents -
Visco-Elastic Agents/Solidifiers -
Dispersants

Herding Agents
Manual Oil Removal/Cleaning -
Mechanical Oil Removal -
Nutrient Enrichment -
Natural Microbe Seeding - - I
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: OPEN WATER ENVIRONMENTS

Least Adverse Habitat Impact

Booming

= Most effective in low-wave conditions and slow currents
= Safety concerns limit the containment of gasoline spills; however, booms can be used
to exclude or deflect the spill away from sensitive resources

SKimming/Vacuum

= Effectiveness limited by current velocities and widely spread, thin sheens
< Not applicable to gasoline spills because of safety concerns

IN-Situ Burning

= Most appropriate in offshore, rather than nearshore, areas

= More difficult to ignite emulsified and heavy oils and sustain the burn

= Safety issues for workers, vessels, and aircraft must be addressed

< Not applicable to gasoline spills due to safety concerns and containment difficulties

Natural Recouvery

= Low impact except for medium- to heavy-category oils, which are persistent and
would eventually strand on shorelines

Some Adverse Habitat Impact

Physical Herding

= May be needed under calm conditions to move oil toward recovery devices
= Water spray onto gasoline likely to mix the product into the water column

Sorbents

= Not a stand-alone technique except for very small spills
= Inhibit the evaporation of gasoline spills

Vegetation Remouvdl

= May be appropriate if oil is trapped in floating vegetation
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Emulsion-Treating Agents

= Not applicable to oils that do not form emulsions, such as gasoline

Visco-Elastic Agents/Solidifiers

< Not appropriate to gasoline spills because of safety concerns during application and
inhibition of evaporation

= The recovery of treated oil must be considered

= Most are not very effective on heavy oils, which are too viscous to allow the product
to mix into the oil

Dispersants

= Inhibit the evaporation of gasoline spills
= Use requires comparing the impact of dispersed versus undispersed oil
= Not effective on heavy or weathered oils

Herding Agents

= Most effective under calm conditions
= Not applicable to heavy oils because oil must be fluid
= Inhibit the evaporation of gasoline spills

Manual Oil Remouval/Cleaning and Mechanical Oil Remouval

= Effective only when heavy oils have solidified into large masses
e Complete removal of heavy oil is rarely achieved

Insufficient Information

Nutrient Enrichment and Natural Microbe Seeding

= Not applicable to gasoline and diesel-like oils because they rapidly evaporate
e There is insufficient information on impact and effectiveness for other oil types,
particularly for open-water applications in freshwater
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3.3 LARGE RIVERS
Habitat Description

Large rivers have varying salinities, meandering channels, and high flow rates (currents
usually greater than one knot). These rivers are not necessarily navigable to large vessels. If
they are, the environment can include associated locks, dams, pools, and other manmade
structures. Examples of large rivers include the Mississippi River and its major tributaries,
the Hudson River, the Delaware River, and the Columbia River. Water levels vary
seasonally, with potential for reversal of water flow up tributaries and into backwater lakes
during high water. Floodplains are common characteristics of large rivers. Floods generate
high suspended sediment and debris loads. In northern regions, ice covers the surface in
winter. River banks or bars are discussed in the sections on shore habitats (Sections 3.6 to
3.13), and backwater lakes are discussed in Section 3.4.

Sensitivity

Large rivers have medium sensitivity to oil spill impact because, even though they have high
natural removal rates, they also have extensive biological and human use. Biological
resources of concern include concentrations of migratory waterfowl and shorebirds, fish,
and endangered mussel beds. Under flood conditions, river floodplains contain highly
sensitive areas that are important habitats for many valuable species. Floating vegetation is
present in areas of low flow. Recreational use of rivers is very high, and many are major
transportation corridors. Drinking, industrial, and cooling water intakes are quite vulnerable
to oil spills in this environment because of turbulent mixing, and they often shut down when
slicks are present.

High currents, eddies, mid-river bars, ice formation, and flooding may complicate response
measures in this habitat. Water flow across weirs and dams is of special concern because it
is often turbulent and likely to emulsify oil slicks as they pass over these structures.
Emulsified oil has a density close to water; it can readily suspend beneath the surface and
remain in the water column as it moves through a series of locks and dams. Also, oil can
adsorb onto sediment particles, which then settle out in quiet backwaters, potentially
contaminating these habitats.
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Table 15. Relative environmental impact from response methods for LARGE RIVER environments.

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

>
>

Booming - Deflection/Exclusion A
Booming - Containment -
Skimming/Vacuum -
Natural Recovery
Physical Herding
Sorbents -
In-Situ Burning -
Emulsion Treating Agents -
Vegetation Removal -
Debris Removal -
Visco-Elastic Agents/Solidifiers -
Manual Oil Removal/Cleaning -
Mechanical Oil Removal -
Dispersants

Herding Agents
Nutrient Enrichment - -
Natural Microbe Seeding - -
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: LARGE RIVER ENVIRONMENTS

Least Adverse Habitat Impact

Booming

= Used primarily for diverting slicks towards collection points in low-current areas
= Safety concerns limit the containment of gasoline spills; however, booms can be used
to exclude or deflect the spill away from sensitive resources

SKimming/Vacuum

= Not applicable to gasoline spills because of safety concerns

Some Adverse Habitat Impact

Natural Recouvery

< For small gasoline and diesel-like spills, evaporation and natural dispersion would
rapidly remove surface slicks

= For all other types and sizes of spills, oil recovery and/or protection of sensitive
resources should be attempted

Physical Herding

= May be needed to flush oil trapped in debris, eddies, etc. toward recovery devices
= Water spray onto gasoline spills will likely enhance mixing of the product into the
water column

Sorbents

< Not applicable to gasoline spills because of safety concerns and inhibition of
evaporation

= May not be practical for large rivers because oil will spread and drift rapidly

= Overuse results in excess waste generation

IN-Situ Burning

= May not be practical in rivers because oil will spread rapidly
e Containment and maintenance of minimum thickness for burning (1-3 millimeters) is
difficult in fast currents

Emulsion-Treating Agents
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Not applicable for gasoline products, which do not emulsify
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Vegetation Remouvdl

May be considered where oil is trapped in floating vegetation along shore and in
eddies

Removal of oiled vegetation may be required to prevent secondary oiling of wildlife
or chronic sheening

Debris Remouval

River debris can trap persistent oils, causing chronic sheening and exposure of
aquatic resources

Visco-Elastic Agents/Solidifiers

Not applicable to gasoline spills because of safety concerns during application and
inhibition of evaporation

Recovery of treated oil may be difficult

May not be practical in rivers because oil will spread and drift rapidly

Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

Manual Oil Remouval/Cleaning

Concentrations of heavy oils that have hardened into solid or semi-solid masses can
be manually picked up, from boat or shore

Hand tools can be used to pick up small accumulations of oiled debris

Operations conducted from boats minimize potential for habitat disruption by
trampling onshore

Mechanical Oil Remouval

May be needed to recover large amounts of oil/oily debris trapped in booms or along
shore

Equipment can be operated from barges with less impact; shore-based operations
are likely to cause localized disruption of shoreline habitat

Probable Adverse Habitat Impact

Dispersants

36

Inhibit the evaporation of gasoline spills

Not effective on heavy or weathered oils

For large spills, limited dilution of dispersed oil in rivers likely to raise toxicity
concerns





Impacts on water intakes downstream would have to be evaluated
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Most Adverse Habitat Impact
Herding Agents

= High currents make proper application difficult and carry product away
= Not applicable to heavy oils because oil must be fluid

Insufficient Information

Nutrient Enrichment and Natural Microbe Seeding

< Not applicable to gasoline and diesel-like oil spills because they rapidly evaporate
= There is insufficient information on impact and effectiveness for other oil types,
particularly for applications in rivers
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3.4 SMALL LAKES AND PONDS
Habitat Description

Lakes and ponds are standing bodies of water of variable size and water depth. Waves and
currents are generally very low, although the water surface can become choppy. Water levels
can fluctuate widely over time, particularly on manmade lakes. Smaller ponds can
completely freeze over in winter. The bottom sediments close to shore can be soft and
muddy, and the surrounding land can include wet meadows and marshes. Floating
vegetation can be common.

The rate of water exchange is highly variable within this group, ranging from days to years.
These water bodies can include sections of a river with low flow rates (e.g., behind diversion
dams) or that are somewhat isolated from regular flow (e.g., backwater lakes or oxbow
lakes). Isolated water bodies, such as kettle lakes, are unique members of this category
because they have no surface water outflow, and therefore have very low flushing rates. In
shallow water, boat operations would be limited and most response operations would be
conducted from shore.

Sensitivity

Small lakes and ponds have medium to high sensitivity to oil spill impact because of low
physical removal rates, limited dilution and flushing of oil mixed into the water column, and
high biological and human use. They provide valuable habitat for migrating and nesting
birds and mammals, and support important fisheries. Small lakes can be the focus of local
recreational activities. Associated wetlands have higher sensitivities and are discussed in
Section 3.13.

Wind will control the distribution of slicks, holding the oil against a lee shore or spreading it
along shore and into catchment areas. Wind shifts can completely change the location of
slicks, contaminating previously clean areas. Thus, early protection of sensitive areas is
important. The inlet and outlet are key areas for focusing protection efforts. Oil impacts on
floating vegetation depend to a large degree on dose, with possible elimination of plants at
high doses. Section 5 addresses sinking oils and response under ice conditions.
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Table 16. Relative environmental impact from response methods for SMALL LAKE and
POND environments.

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Qils QOils

>
>

Booming - Deflection/Exclusion A
Booming - Containment -
Skimming/Vacuum -
Sorbents -
Natural Recovery A
In-Situ Burning B
Herding Agents B
Debris Removal -
Vegetation Removal

Physical Herding C
Visco-Elastic Agents/Solidifiers -
Manual Oil Removal/Cleaning -
Mechanical Oil Removal -
Dispersants D
Emulsion Treating Agents -
Nutrient Enrichment -
Natural Microbe Seeding -
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The following categories are used to compare the relative environmental impact of each response method for the
specific environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: SMALL LAKE AND POND
ENVIRONMENTS

Least Adverse Habitat Impact

Booming

= Use containment booms to keep oil from spreading
= Safety concerns limit the containment of gasoline spills; however, booms can be used
to exclude or deflect the spill away from sensitive resources

SKimming/Vacuum

= Not applicable to gasoline spills because of safety concerns
e Land-based operations need site-specific restrictions and monitoring to minimize
physical destruction

Sorbents

= Overuse results in excess waste generation
= Inhibit the evaporation of gasoline spills

Some Adverse Habitat Impact

Natural Recouvery

= Low impact for light oils but may have significant impact for medium crudes and
heavier fuel oils because they persist and affect shoreline habitats

IN-Situ Burning

= Less environmental impact in winter when snow and ice provide some protection,
plants are dormant, and fewer animals are present

= Safety concerns limit containment of gasoline, but may be safely used with natural
containment, such as gasoline trapped in ice

Herding Agents

= Most effective under calm conditions
= Should be coupled with recovery when used to protect sensitive habitats
= Not effective on heavy oils because oil must be fluid
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Debris Remouval

= Debris may be associated with nests or living areas (e.g., beaver lodges), so impacts
on resident animal habitat may need consideration
= Operate from small boats to minimize substrate disruption

Vegetation Remouvdl

= If oil is trapped in floating vegetation, may be only way to recover the oil in the
absence of water currents

= May be appropriate to prevent secondary oiling of wildlife

Physical Herding

e Care should be taken not to drive oil into the water column or sediment

Visco-Elastic Agents/Solidifiers

= Visco-elastic agents, by improving overall oil recovery from the water surface, reduce
secondary shoreline oiling

= Not applicable to gasoline spills because of safety concerns during application and
inhibition of evaporation

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

Probable Adverse Habitat Impact
Manual Oil Remouval/Cleaning

< Inherent inefficiency of manual removal of fluid oils would require large crews or
repeated entries, resulting in disruption to substrate and wildlife
= Not applicable for gasoline spills because of safety concerns

Mechanical Oil Remouval

= May be needed where oil has heavily contaminated bottom sediments
= May require very intrusive recovery techniques

Most Adverse Habitat Impacts

Dispersants

= Inhibit the evaporation of gasoline spills

= Shallow water depths and low dilution rates may result in high aquatic toxicity from
oil/dispersant mixtures
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Insufficient Information

Emulsion-Treating Agents

< Not applicable to oils that do not form emulsions, such as gasoline
Insufficient toxicity data to evaluate environmental impact of shallow freshwater

environment use

Nutrient Enrichment and Natural Microbe Seeding

= Not applicable to gasoline spills because they rapidly evaporate
There is insufficient information on impact and effectiveness for other oil types

= There are special concerns about nutrient overloading in small, restricted water

bodies
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3.5 SMALL RIVERS AND STREAMS
Habitat Description

Small rivers and streams are characterized by shallow water (generally 1-2 meters) and
narrow channels. Water flow can be highly variable, both throughout the seasons and with
distance downstream. This grouping includes a wide range of waterbodies, from fast-
flowing streams with low falls and numerous rapids over bedrock and gravel, to slow-
moving bayous bordered by low muddy banks and fringed with vegetation. Sections of the
channel may be choked with log jams and debris, and mid-channel bars and islands can
divide water flow into multiple channels. Both boat and vehicular access can be very
limited; often the only access will be at bridge crossings. Ice may further complicate response
measures in this habitat.

Sensitivity

Small rivers and streams have medium to high sensitivity to oil spill impact. Oil spills may
have more of an impact on small rivers and streams than on large rivers due to a variety of
conditions, such as lower flow conditions, lower dilution rates, lower overall energy, and
greater range of natural habitats. Fish spawn in streams and the tributaries of larger rivers;
thus, the most sensitive, early life stages can be present. Fringing wetlands and adjacent
floodplains are closely connected to small rivers and streams, and they are areas of high
biological use and low natural removal rates.

Slicks usually contaminate both banks, and non-viscous oils are readily mixed into the entire
water column in shallow streams, potentially exposing both aquatic and benthic organisms
to oil. Initial weathering rates may be slower because spreading and evaporation are
restricted in narrow channels and heavy vegetation cover. Fish Kills are possible for spills
ranging from gasoline to medium crude oils. Many different kinds of mammals, birds,
reptiles, and amphibians use the stream bank habitats, and there can be localized high
mortality rates of these animals. Spills can cause closure of water intakes for drinking water,
irrigation, or industrial use along small rivers. A more aggressive response may be
appropriate to prevent contamination of downstream habitat, particularly if water intakes,
populated areas, or special habitat resources are present.
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Table 17. Relative environmental impact from response methods for SMALL RIVER and STREAM
environments.

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

>
>
>

Booming - Deflection/Exclusion A
Skimming A
Booming - Containment -
Vacuum -
Sorbents -
Barriers/Berms B
Physical Herding B
Natural Recovery A
Debris Removal -
Visco-Elastic Agents/Solidifiers B
Vegetation Removal -
In-Situ Burning C
Manual Oil Removal/Cleaning -
Mechanical Oil Removal -
Dispersants

Herding Agents
Emulsion Treating Agents -
Nutrient Enrichment -
Natural Microbe Seeding -
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: SMALL RIVER AND STREAM
ENVIRONMENTS

Least Adverse Habitat Impact

Booming

= Used primarily to divert slicks towards collection points in low-current areas

= Safety concerns limit the containment of gasoline spills; however, booms can exclude
or deflect the spill away from sensitive resources

= Expect low effectiveness with fast currents, shallow water, and steep banks

SKimming/Vacuum

= To protect public health and downstream resources where spreading is limited,
recovery of large gasoline spills could be attempted with firefighting foam to
suppress vapors and respiratory protection for workers

Sorbents

= Deploy in booms to recover sheens in low-current areas and along shore

= Trampling of stream bank and bed habitats during deployment and recovery of
sorbents can disrupt streamside vegetation and drive oil into the sediment

= Overuse results in excess waste generation

Barriers/Berms

= Potential for physical disruption and sediment contamination in immediate area of
the barrier/berm

< If all or most of the flow is diverted, may need to monitor water requirements to
habitats downstream of the barrier to mitigate potential impacts

= Safety concerns limit actions at gasoline spills, although berms built ahead of the
slick could be used to exclude oil from sensitive areas, such as side channels

Some Adverse Habitat Impact

Physical Herding

= May be only means to flush oil trapped in log jams, beaver dams, behind rocks, and
in vegetation/debris along banks to downstream collection areas
e Spraying of gasoline spills can mix the oil into the water column
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Natural Recouvery

For small gasoline and diesel-like oil spills, evaporation and natural dispersion
would rapidly remove surface slicks

For all other types and sizes of spills, recovery of free or pooled oil and/or
protection of sensitive resources should be attempted

Debris Remouval

Will release trapped oil and speed natural flushing rates

Visco-Elastic Agents/Solidifiers

Visco-elastic agents may speed recovery of contained oil when time is critical
Solidifiers may immobilize even gasoline spills, preventing their transport
downstream and further impact

Ineffective on heavy oils, which are too viscous to allow the product to mix into the
oil

Vegetation Remouvdl

May be needed to remove oil trapped in floating and fringing vegetation

Remove oiled vegetation to prevent chronic sheening in sensitive areas or secondary
oiling of wildlife

Monitor crews to minimize physical disturbance, which can be severe

IN-Situ Burning

May be difficult to protect stream-side vegetation

Safety concerns limit containment of gasoline, but may be safely used if natural
containment is present

Less impact in winter when snow/ice provide some protection, plants are dormant,
and fewer animals are present

May not be practical in fast flowing streams where containment and maintenance of
minimum slick thickness (1-3 millimeters) may be difficult

Probable Adverse Habitat Impact

Manual Oil Remouval/Cleaning

Viable for heavy oils that have solidified versus fluid oils that have spread
Stream bank disruption likely from movement of work crews
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Mechanical Oil Remouval

= Only consider when large amounts of solidified oil have accumulated in the stream
channel and need to be removed quickly

Most Adverse Habitat Impact

Dispersants

= Enhanced mixing of oil into the water column with restricted dilution will increase
acute toxicity to aquatic organisms

Herding Agents

= Toxicity concerns when early life stages are present
= May not be practical due to fast currents and rough water surface
e Oil must be fluid, so not appropriate to heavy oils

Insufficient Information

Emulsion-Treating Agents

= Insufficient toxicity data to evaluate environmental impact of shallow freshwater
environment use
= Not applicable to oils that do not form emulsions, such as gasoline

Nutrient Enrichment and Natural Microbe Seeding

< Not applicable to gasoline spills because they rapidly evaporate
= There is insufficient information on impact and effectiveness, particularly for
applications in small rivers and streams
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3.6 BEDROCK HABITATS (ESI = 1A, 2, 8A)
Habitat Description

This shoreline type is characterized by an impermeable rocky substrate. The rock surface

can be highly irregular, with numerous cracks and crevices. The slope of the shoreline varies
from vertical rocky cliffs to shelving bedrock shores where flat or gently dipping rock layers
have been cut by waves into wide platforms. Bedrock habitats are exposed to wide ranges
in wave energy; headlands in the Great Lakes and other large lakes are the most exposed
and bedrock shorelines in sheltered lakes are the least exposed. There can be a thin veneer of
sand and gravel sediments on the rock platforms, although storm waves will strip these
sediments off exposed shorelines. Boulder-sized debris can accumulate at the base of
exposed rocky cliffs.

Sensitivity

Bedrock shoreline habitats have a range of sensitivities to oil spills, depending upon their
degree of exposure to natural removal processes. They have few attached organisms and
plants, and rocky shore productivity is typically low. However, they may provide shelter to
fish and nesting sites for birds which can be present in large numbers in nearshore waters.

In exposed settings, oil may be partially held offshore by wave reflection off steep cliffs and
platforms. Any oil that is deposited will be rapidly removed from exposed faces, although
oil persistence on any specific shoreline segment is related to the incoming wave energy
during, and shortly after, a spill. The most resistant oil would occur as a patchy band at or
above the high water line, or deposited in any surface sediments.

In sheltered settings, oil will readily adhere to the rough rocky surface, forming a distinct
band along the water line. Cracks and crevices will be sites of oil pooling and persistence.
Oil will also penetrate and persist in any surface sediments. Medium to heavy oils can be
very sticky and form thick black bands, while lighter oils are more readily removed by wave
action, evaporation, and response efforts.
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Table 18. Relative environmental impact from response methods for BEDROCK habitats (ESI = 1A,
2, 8A).

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

>
o

Natural Recovery A
Debris Removal -
Sorbents

Flooding

Low-Pressure, Cold-Water Flushing
High-Pressure, Cold-Water Flushing
Manual Oil Removal/Cleaning -
Vacuum -
In-Situ Burning -
Shoreline Cleaning Agents -
Solidifiers -
Low-Pressure, Hot-Water Flushing -
Nutrient Enrichment -
High-Pressure, Hot-Water Flushing -
Steam Cleaning -
Sand Blasting -
Natural Microbe Seeding -
Chemical Shoreline Pretreatment -
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The following categories are used to compare the relative environmental impact of each response method for the
specific environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: BEDROCK HABITATS

Least Adverse Habitat Impact

Natural Recouvery

= Sheltered bedrock may need cleanup because of slow natural removal rates
= Cleanup of larger spills may be needed because of the amount of oil present
= Heavy oils may persist on all but the most exposed shores

Debris Remouval

= Degree of oiling that warrants debris removal and disposal depends on human and
sensitive resource use of the site

Sorbents

= Overuse generates excess waste
= Physical removal rates of heavy oils will be slow, so less oil will be mobilized for
recovery by sorbents

Some Adverse Habitat Impact

Flooding and Low-Pressure, Cold-Water Flushing

< Most effective on fresh, fluid oils
= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

High-Pressure, Cold-Water Flushing

= Primarily applicable to medium-crude oils while still fresh and liquid
= Can be effective in removing oil from crevices and pockets of sediment on bedrock

Manual Oil Remouval/Cleaning

= Expect significant residues of diesel and medium oils with only manual removal
because of their fluidity and difficulty of manual pickup
e Useful for heavy oils in patches or crevices

Vacuum

= Not applicable to gasoline spills because of safety concerns
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IN-Situ Burning

= Can effectively remove heavy oil accumulations
= Concerns about air pollution, thermal impact on biota, and physical nature of the
residue

Shoreline Cleaning Agents

= May be only technique to remove sticky oils without hot-water, high-pressure
washing
= Individual products vary in their toxicity and recoverability of the treated oil

Solidifiers

< Prevent the oil from being washed back into the water and are most appropriate for
heavy accumulations of pooled oil on shelving bedrock

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

Low-Pressure, Hot Water Flushing

= Any organisms in the application area would be adversely affected by hot water
= Most effective on heavy crudes where heat would make oil more fluid

Probable Adverse Habitat Impact

Nutrient Enrichment

= Not applicable to gasoline spills because they rapidly evaporate

= Concerns about nutrient overloading in poorly flushed areas or where nutrient
toxicity, especially ammonia, might be significant

= Potentially effective for lighter oils that leave thin residues; less effective for thick,
weathered oil residues

High-Pressure, Hot-Water Flushing

= Will likely kill any attached organisms; use is appropriate in limited areas only when
oil removal is needed for aesthetic reasons
Most Adverse Habitat Impact

Steam Cleaning And Sand Blasting

= Highly intrusive techniques that will kill any organisms present
= Use only for aesthetic reasons in very limited areas
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Insufficient Information

Natural Microbe Seeding

e There is insufficient information on impact and effectiveness

Chemical Shoreline Pretreatment

= There is insufficient information on available products, their effectiveness, or impact
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3.7 MANMADE STRUCTURES (ESI = 1B, 6B, 8B)
Habitat Description

Manmade structures include vertical shore protection structures such as seawalls, piers, and
bulkheads, as well as riprap revetments and groins, breakwaters, and jetties. Vertical
structures can be constructed of concrete, wood, and corrugated metal. They usually extend
below the water surface, although seawalls can have beaches or riprap in front of them.
Riprap revetments are constructed of boulder-sized pieces of rock, rubble, or formed
concrete pieces (e.g., tetrapods), placed parallel to the shoreline for shore protection. Riprap
groins are oriented perpendicular to shore to trap sediment; jetties are designed to protect
and maintain channels; and breakwaters are offshore structures constructed to protect an
area from wave attack. Riprap structures have very large void spaces and are permeable,
while seawalls and bulkheads have impermeable, solid substrates. These structures are very
common along developed shores, particularly in harbors, marinas, and residential areas. The
range in degree of exposure to waves and currents varies widely, from very low in dead-end
canals, to very high on offshore breakwaters. Boat wakes can generate wave energy in
otherwise sheltered areas.

Sensitivity

Manmade structures have a range of sensitivities to oil spills, depending on the degree of
exposure to natural removal processes. Biological communities and use are sparse. Often,
there are sources of pollutants or habitat degradation nearby, such as urban runoff, chronic
small oil spills in marinas, poor water quality, and limited water circulation. More intrusive
cleanup techniques are often conducted due to their lower biological use, higher public
demand for oil removal for aesthetic reasons, and need to minimize human exposure to oil
in populated areas. It is acknowledged that manmade structures can vary in permeability,
cohesion, and mobility and, in turn, how they are affected by oiling. In this document,
however, manmade structures have been grouped together so that the higher degree of
cleanup often required can be adequately addressed.

Vertical structures are generally impermeable to oil penetration, but oil can heavily coat
rough surfaces, forming a band at the water line. During storms, oil can splash over the top
and contaminate terrestrial habitats. Riprap poses significant cleanup problems because of
large void spaces between the riprap and heavy accumulations of debris. Large amounts of
oil can become trapped in the riprap, where it is difficult to remove and a potential source
of sheening.
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Table 19. Relative environmental impact from response methods for MANMADE structures
(ESI = 1B, 6B, 8B).
Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

>
>
>

Manual Oil Removal/Cleaning -
Debris Removal -
High-Pressure, Cold-Water Flushing
Sorbents

Vacuum

Natural Recovery

Flooding

Low-Pressure, Cold-Water Flushing
Low-Pressure, Hot-Water Flushing
High-Pressure, Hot-Water Flushing -
Shoreline Cleaning Agents -
Solidifiers B
In-Situ Burning -
Nutrient Enrichment -
Steam Cleaning -
Sand Blasting -
Chemical Shoreline Pretreatment -
Natural Microbe Seeding -
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: MANMADE STRUCTURES

Least Adverse Habitat Impact

Manual Oil Remouval/Cleaning and Debris Remouadl

Effective for removing debris and small, persistent pockets of oil

High-Pressure, Cold-Water Flushing

Effective for removing sticky oils from solid surfaces and flushing pooled oil from
riprap crevices, even for gasoline in populated areas

May flush oiled sediments (if present) into nearshore bottom habitats

Use on heavy oils is likely to leave large amounts of residual oil in the environment
Use on gasoline spills may transport the oil to more sensitive habitats

Sorbents

Use along riprap structures to recover residual sheening oil after other cleanup
methods have been conducted, even for gasoline

Physical removal rates of heavy oils will be slow, so less oil will be mobilized for
recovery by sorbents

Overuse results in excess waste generation

Vacuum

Early use of vacuum on pooled oil in crevices can increase the oil recovery rate and
minimize oil losses during flushing
Can only remove thick oil from accessible areas, so high residual oil likely

Natural Recouvery

Most effective for lighter oils and more exposed settings
Heavier oils may necessitate removing persistent residues

Some Adverse Habitat Impact

Flooding

Not applicable to seawalls; on riprap, only effective when the oil is fluid

May be used on riprap in developed areas, even for gasoline spills, where pockets of
the spilled product pose human health concerns

Use on heavy oils is likely to leave large amounts of residual oil in the environment
Use on gasoline spills may transport the oil to more sensitive habitats
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Low-Pressure, Cold-Water Flushing

= Only effective when the oil is fluid

= Directed water spray can help remove trapped oil, even for gasoline

= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

Low-Pressure, Hot-Water Flushing and High-Pressure, Hot-Water
Flushing

= Assumes that there are no biological communities in or immediately downslope from
treatment area

= High water temperatures are often needed to liquefy heavy oils

< High water pressures are often needed to remove weathered oils from solid
substrates and riprap

Shoreline Cleaning Agents

= Individual products vary in their toxicity and ability to recover the treated oil

Solidifiers

= Appropriate to recover and control chronic sheening, even for gasoline
= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

IN-Situ Burning

= Thick oil likely to occur as isolated pockets that are difficult to access and burn
= There will be concerns about air pollution and physical nature of the residue
= Public safety issues for burning in developed areas will be of special concern

Probable Adverse Habitat Impact

Nutrient Enrichment

< Not applicable to gasoline spills because they rapidly evaporate

= Concerns about nutrient overloading in poorly flushed areas or where nutrient
toxicity, especially ammonia, might be significant

= Potentially effective for lighter oils that leave thin residues; less effective for thick,
weathered oil residues
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Steam Cleaning and Sand Blasting

= Used when removing persistent oil is required for aesthetic reasons

Insufficient Information

Chemical Shoreline Pretreatment

= There is insufficient information on available products, their effectiveness, and
impact

Natural Microbe Seeding

= There is insufficient information on impact and effectiveness, particularly for
applications on manmade structures
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3.8 SAND HABITATS (ESI = 4)
Habitat Description

Sand habitats have a substrate composed of sediments that are predominantly finer than 2
millimeters but greater than silt or clay-sized material (see Appendix B for grain sizes). The
shoreline may consist of well-sorted sands of one principal size, or of poorly sorted
mixtures of muddy sand, gravelly sand, or a combination of these two. When the sediments
are fine-grained sand, beaches may be wide and flat; where the sediments are coarse-
grained sand, they usually are steeper and narrower. Sandy shorelines may be naturally
eroding, accreting, or stable, and groins or breakwaters may be placed to trap sand and
maintain some beaches. Exposed sand beaches can undergo rapid erosional or depositional
changes during storms. In developed areas, sand beaches can be artificially created by man
and are commonly used for recreation. Sand bars and banks along rivers are also included in
this habitat.

Sensitivity

Sand habitats have low to medium sensitivity to oil spills. They generally do not have
sizable biological communities except where the habitat tends to be protected and consists
of poorly sorted muddy sediments. Thus, ecological effects are likely to be of limited extent
because of the low natural biological productivity. In developed areas, sand beaches are
considered sensitive because of their high recreational use.

During small spills, oil will concentrate in a band along the swash line. Maximum
penetration into fine-grained sand will be less than 15 centimeters; penetration in coarse
sand can reach 25 centimeters or greater. Clean sand can bury oiled layers quickly, creating
more difficult cleanup issues. On heavily used recreational beaches, extensive cleanup is
usually required to remove as much of the oil as possible. When large amounts of sediment
must be removed, it may be necessary to replace these sediments with clean material. Traffic
on sand can push oil deeper.
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Table 20. Relative environmental impact from response methods for SAND habitats (ESI = 4).

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

>
>

Debris Removal -
Natural Recovery A
Flooding B
Sorbents

Manual Oil Removal/Cleaning
Mechanical Oil Removal
Low-Pressure, Cold-Water Flushing
Vacuum -
Sediment Reworking D
Nutrient Enrichment -
Shoreline Cleaning Agents -
Solidifiers -
In-Situ Burning

Low-Pressure, Hot-Water Flushing
High-Pressure, Cold-Water Flushing
High-Pressure, Hot-Water Flushing
Chemical Shoreline Pretreatment -
Natural Microbe Seeding -
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: SAND HABITATS

Least Adverse Habitat Impact

Debris Remouval

= Degree of oiling that warrants debris removal and disposal depends on use by
humans and sensitive resources

Natural Recouvery

= Lower impact for small spills, lighter oil types, and remote areas

Flooding

= Only effective when the oil is fluid and on the sand surface, rather than penetrated
or buried

= Use on heavy oils is likely to leave large amounts of residual oil in the environment

= Use on gasoline spills may transport the oil to more sensitive habitats

Sorbents

= Not applicable to gasoline spills because they rapidly evaporate

= Physical removal rates of heavy oils will be slow, so less oil will be mobilized for
recovery by sorbents

= Overuse results in excess waste generation

Some Adverse Habitat Impact

Manual Oil Remouval/Cleaning

< Minimizes sediment removal and problems of erosion and waste disposal

= Effective when oil is mostly on the surface, not buried beneath clean sand

= Gasoline tends to quickly evaporate; therefore habitat disruption, worker safety
concerns, and waste generated by manual cleanup are not balanced by benefits in
removing oil

Mechanical Oil Remouval

= Tends to remove large amounts of clean sand with the oiled sand
= Use on high-use beaches where rapid removal of oil is required and where long
stretches of shoreline are heavily oiled
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= Gasoline tends to quickly evaporate; therefore habitat disruption, worker safety
concerns, and waste generated from mechanical cleanup are not balanced by benefits
in removing oil

Low-Pressure, Cold-Water Flushing

= Only effective when the oil is fluid and adheres loosely to the sediments
= Optimize pressure to minimize the amount of sand washed downslope

Vacuum

= Early use of vacuum on pooled, liquid oil can prevent deeper penetration
= Will minimize amount of sorbent waste when used with flushing efforts
= Can vacuum heavy, non-sticky oil from sand substrates completely, but slowly

Sediment ReworKing

= Appropriate for lightly oiled and stained sediments, to speed removal rates, and as
a final step to polish recreational beaches

= Because gasoline tends to quickly evaporate, habitat disruption, worker safety
concerns, and waste generated from sediment reworking are not balanced by benefits
in removing oil

Nutrient Enrichment

= Potentially effective for lighter oils that leave thin residues; less effective for thick,
weathered oil residues

= May be concern about nutrient overloading in poorly flushed areas

< Not applicable to gasoline spills because they rapidly evaporate

Shoreline Cleaning Agents

= May be only technique to remove viscous oils without removing sediment
= Individual products vary in their toxicity and ability to recover the treated oil

Solidifiers

= Not applicable to gasoline spills because they rapidly evaporate

= Early use may prevent pooled oil from penetrating deeper

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil
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IN-Situ Burning

= Can effectively remove pooled surface oil accumulations
= Concerns about air pollution, physical nature of the residue, and thermal impact on
biota

= May have to dig trenches to accumulate oil in pools

= Lighter oils will penetrate the sand, leaving insufficient surface concentrations to
burn

Probable Adverse Habitat Impact

Low-Pressure, Hot-Water Flushing

= May be needed to soften and lift sticky oil off the sand surface
= Any organisms present will be adversely affected by hot water
Most Adverse Habitat Impact

High-Pressure, Cold-Water Flushing And High-Pressure, Hot-Water
Flushing

= High-pressure water jets will fluidize sand-sized sediments, erode the beach, and
wash the oiled sediment into nearshore habitats

Insufficient Information

Chemical Shoreline Pretreatment

= More information needed on available products, their effectiveness, and impact

Natural Microbe Seeding

= There is insufficient information on impact and effectiveness in freshwater habitats
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3.9 MIXED SAND AND GRAVEL HABITATS (ESI = 3, 5)
Habitat Description

Mixed sand and gravel habitats are characterized by a substrate that is composed
predominantly of a mixture of sand- to cobble-sized sediments (see Appendix B for grain
sizes). These habitats may vary from a well-sorted cobble layer overlying finer-grained
(sand-sized) sediments to mixtures of sand, pebble, and cobble. Typically, well-sorted
beaches are exposed to some wave or current action that separates and transports finer-
grained sediments; however, the sediment distribution does not necessarily indicate the
energy at a particular shoreline. On depositional beaches multiple berms can be formed at
the different water levels generated during storms. In glaciated areas, the gravel component
can include very large boulders. Natural replenishment rates are very slow for gravel,
compared to sand. Mixed sand and gravel habitats occur as beaches along the Great Lakes
and as point bars along rivers and streams.

Sensitivity

Mixed sand and gravel habitats have medium sensitivity to oil spills. Biological communities
are very sparse because of sediment mobility, desiccation, and low organic matter. Most
invertebrates living in this habitat are deep burrowers, such as some oligochaete worms and
insect larvae. Characteristic insects are mayflies, stoneflies, caddisflies, and midges,
although mayflies and stoneflies are scarce or absent where silt is present. The nearshore
habitat is used by fish for spawning and protects fry and larvae. There are also limited
numbers of birds and mammals.

Viscous oils reaching these habitats may not penetrate into the sediments because the pore
spaces between sediments are filled with sand. Therefore, deep oil penetration and long-
term persistence are lower than on gravel substrates. However, oil can still occur at depths
below those of annual reworking, particularly if the oil is deposited high on the beach out of
the reach of normal wave activity or is rapidly buried. Erosion can be a concern when large
quantities of sediment are physically removed. In more sheltered areas, asphalt pavements
can form if heavy surface oil deposits are not removed. Once formed, these pavements are
very stable and can persist for years.
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Table 21. Relative environmental impact from response methods for MIXED SAND and GRAVEL
habitats (ESI = 3, 5).
Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

>
>

Debris Removal -
Flooding

Natural Recovery

Low-Pressure, Cold-Water Flushing
Sorbents -
Vacuum

Manual Oil Removal/Cleaning
Sediment Reworking
Mechanical Oil Removal
Shoreline Cleaning Agents
Nutrient Enrichment -
In-Situ Burning

Solidifiers

High-Pressure, Cold-Water Flushing
Low-Pressure, Hot-Water Flushing
High-Pressure, Hot-Water Flushing
Steam Cleaning

Chemical Shoreline Pretreatment -
Natural Microbe Seeding -
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: MIXED SAND AND GRAVEL
HABITATS

Least Adverse Habitat Impact

Debris Remouval

= Degree of oiling that warrants debris removal and disposal depends on amount of
use by humans and sensitive resources

Flooding

= Most effective when the oil is fluid and adheres loosely to the sediments
= Use on heavy oils is likely to leave large amounts of residual oil in the environment

Natural Recouvery

= Least impact for small spills, lighter oil types, and remote areas

Low-Pressure, Cold-Water Flushing

= Most effective when the oil is fluid and adheres loosely to the sediments

= Excessive pressures can cause erosion

= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

Sorbents

= Overuse generates excess waste

= Useful for recovering sheens, even for gasoline spills

= Physical removal rates of heavy oils will be slow, so less oil will be mobilized for
recovery by sorbents

Some Adverse Habitat Impact

Vacuum

= Early use of vacuum on pooled, liquid oil can prevent deeper penetration

Manual Oil Remouval/Cleaning

= Gasoline tends to evaporate quickly; therefore manual cleanup causes habitat
disruption, worker safety concerns, and generates waste with no benefits due to
removing oil
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< Minimizes sediment removal and problems of erosion and waste disposal
= Preferable when oil is mostly on the surface, not deeply penetrated or buried

Sediment ReworKing

e Use to break up heavy surface oil or expose persistent subsurface oil deposits,
particularly where sediment removal will cause erosion

= Use where there is sufficient exposure to waves to rework the sediments into their
original profile and distribution

= Gasoline tends to evaporate quickly; therefore sediment reworking causes habitat
disruption, worker safety concerns, and generates waste with no benefits due to
removing oil

Mechanical Oil Remouval

= Tends to remove large amounts of sediment with the oil

= Applicable for heavier oil types, which are difficult to remove otherwise

= Gasoline tends to evaporate quickly; therefore mechanical cleanup causes habitat
disruption, worker safety concerns, and generates waste with no benefits from
removing oil

Shoreline Cleaning Agents

= May be only technique to remove viscous oils without removing sediment
< Individual products vary in their toxicity and ability to recover the treated oil

Nutrient Enrichment

= Not applicable to gasoline spills because they rapidly evaporate

= Potentially effective for lighter oils that leave thin residues; less effective for thick,
weathered oil residues

< Most applicable as a secondary technique after gross oil removal

= Concerns about nutrient overloading in poorly flushed areas

IN-Situ Burning

= (Can effectively remove pooled surface oil accumulations

= Concerns about air pollution, physical nature of the residue, and thermal impact on
biota

< May have to dig trenches to accumulate oil in pools

= Lighter oils will not remain on the sediment surface

Solidifiers
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e Early use may prevent pooled oil from penetrating deeper

= Not applicable to gasoline spills because they rapidly evaporate

= May be useful in recovering sheens when deployed as booms and pillows

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

e Could use for lighter oils with correct product and situation

Probable Adverse Habitat Impact

High-Pressure, Cold-Water Flushing

= High-pressure water jets will flush oiled sediments into nearshore habitats
= Excessive pressures can cause erosion if large amounts of sand are present

Low-Pressure, Hot-Water Flushing

= Any organisms present will be affected by hot water
= Use on gasoline spills may transport the oil to more sensitive habitats

Most Adverse Habitat Impact

High-Pressure, Hot-Water Flushing

= Will flush oiled sand into nearshore zone and affect any organisms present

Steam Cleaning

= Highly intrusive technique; will kill any organisms present
= Potential for released oil to penetrate deeper into the sediments

Insufficient Information

Chemical Shoreline Pretreatment

< Need more information on available products, their effectiveness, and impact

Natural Microbe Seeding

= There is insufficient information on impact and effectiveness in freshwater habitats
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3.10 GRAVEL HABITATS (ESI = GA)
Habitat Description

Gravel habitats are characterized by a substrate that is composed predominantly of gravel-
sized sediments. By definition (see the grain-size chart in Appendix B), gravel includes
sediments ranging in size from granules (greater than 2 millimeters) to boulders (greater than
256 millimeters). The sand fraction on the surface is usually less than ten percent, although
the sand content can increase to 20 percent with depth. These sediments are highly
permeable because there are few sand-sized sediments to fill the pore spaces between the
individual gravel particles. Gravel substrates may also have low bearing capacity and,
consequently, may not support vehicular traffic. Typically, well-sorted beaches are exposed
to some wave or current action that reworks the sediments and removes the finer-grained
sediments. However, the sediment distribution does not necessarily indicate the energy
setting at a particular shoreline; sheltered beaches can still have a large gravel source. In
glaciated areas, the gravel can include very large boulders. On depositional beaches, zones
of pure pebbles or cobbles can form into multiple berms at the different water levels
generated during storms. Gravel shorelines tend to be steeper than those composed of sand
or mud. Natural replenishment rates are very slow for gravel compared to sand. Gravel
habitats occur as beaches along the Great Lakes and as bars along rivers and streams.

Sensitivity

Gravel habitats have medium sensitivity to oil spills. Biological communities are very sparse
because of sediment mobility, desiccation, and low organic matter. Characteristic insects are
mayflies, stoneflies, caddisflies, and midges, all with larvae living among the sediments.
Flatworms, leeches, and crustaceans may be found on the gravel undersides. The nearshore
habitat is used by fish for spawning and provides protection for fry and larvae.

Gravel habitats are ranked higher in sensitivity than sand and gravel habitats because deep
penetration of stranded oil into the permeable substrate is likely. Oil can penetrate to
depths below those of annual reworking, resulting in long-term persistence of the oil. The
slow replenishment rate makes removing oiled gravel highly undesirable. Also, formation of
persistent asphalt pavements is likely where there is high accumulation of persistent oils.
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Table 22. Relative environmental impact from response methods for GRAVEL habitats (ESI = 6A).

Gasoline Diesel- Medium Heavy
Response Methods Products Like Oils  Oils Qils

>
>

Debris Removal -
Low-Pressure, Cold-Water Flushing
Flooding

Natural Recovery

Sorbents -
Vacuum -
High-Pressure, Cold-Water Flushing
Nutrient Enrichment -
Manual Oil Removal/Cleaning
Sediment Reworking

Shoreline Cleaning Agents
In-Situ Burning

Solidifiers

Low-Pressure, Hot-Water Flushing
Mechanical Oil Removal
High-Pressure, Hot-Water Flushing
Steam Cleaning -
Chemical Shoreline Pretreatment -
Natural Microbe Seeding -
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The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: GRAVEL HABITATS

Least Adverse Habitat Impact
Debris Remouval

= Degree of oiling that warrants debris removal and disposal depends on use by
humans and sensitive resources

Low-Pressure, Cold-Water Flushing

= Only effective when the oil is fluid and loosely adheres to the sediments
= Usually used in conjunction with vacuum and sorbents
= Use on heavy oils is likely to leave large amounts of residual oil in the environment

Flooding

= Only effective when the oil is fluid and adheres loosely to the sediments
e Usually used with various flushing techniques
= Use on heavy oils is likely to leave large amounts of residual oil in the environment

Natural Recouvery

e Least impact for small spills, lighter oil types, remote areas, and eroding areas

Sorbents

= Overuse generates excess waste

= Useful for recovering sheens, even for gasoline spills

= Physical removal rates of heavy oils will be slow, so less oil will be mobilized for
recovery by sorbents

Some Adverse Habitat Impact
vacuum

e Early use of vacuum on pooled, liquid oil can prevent deeper penetration

High-Pressure, Cold-Water Flushing

= High-pressure water jet is likely to flush finer sediments into nearshore submerged
habitats
= Very viscous oils will require extremely high pressure to mobilize them
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Nutrient Enrichment

Not applicable to gasoline spills because they rapidly evaporate

Concerns about nutrient overloading in poorly flushed areas or where nutrient
toxicity, especially ammonia, might be significant

Potentially effective for lighter oils that leave thin residues; less effective for thick,
weathered oil residues

Manual Oil Remouval/Cleaning

Gasoline tends to quickly evaporate; therefore manual cleanup causes habitat
disruption, worker safety concerns, and generates waste with no benefits from
removing oil

Minimizes sediment removal and problems of erosion and waste disposal
Deep penetration of oil in porous gravel reduces effectiveness

Sediment ReworKing

Used where gravel removal is not feasible because of erosion concerns

Sufficient exposure to waves is required to rework the sediments into their original
profile and distribution

Gasoline tends to evaporate quickly; therefore sediment reworking causes habitat
disruption, worker safety concerns, and generates waste with no benefits from
removing oil

Shoreline Cleaning Agents

May be only technique to remove viscous oils without removing sediment or using
hot-water flushing
Individual products vary in their toxicity and ability to recover the treated oil

IN-Situ Burning

Can effectively remove pooled surface oil accumulations

May have to dig trenches to accumulate oil in pools

Lighter oils will not remain on the sediment surface

Concerns about air pollution, physical nature of the residue, and thermal impact on
biota

Solidifiers
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Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil
May be useful in recovering sheens when deployed as booms and pillows
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Probable Adverse Habitat Impact

Low-Pressure, Hot-Water Flushing

e May be needed to flush viscous or deeply penetrated oil
= Any organisms present will be adversely affected by hot water

Mechanical Oil Remouval

e Likely to remove large amounts of gravel with the oil
= Foot and vehicular traffic on gravel could mix oil deeper into the sediments

Most Adverse Habitat Impact

High-Pressure, Hot-Water Flushing

« High-pressure water jets are likely to flush oiled sediments into nearshore submerged
habitats
= Any organisms present will be adversely affected by hot water and high pressure

Steam Cleaning

= Highly intrusive technique; will kill any organisms present
= Potential for released oil to penetrate deeper into the porous sediments

Insufficient Information
Chemical Shoreline Pretreatment

= Need more information on available products, their effectiveness, and impact

Natural Microbe Seeding

e There is insufficient information on impact and effectiveness in freshwater habitats
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3.11 VEGETATED SHORELINE HABITATS (ESI = 9A)
Habitat Description

Vegetated shoreline habitats consist of the non-wetland vegetated banks that are common
features of river systems and lakes. Bank slopes may be gentle or steep, and the vegetation
consists of grasses, bushes, or trees common to the adjacent terrestrial habitats. The
substrate is not water-saturated and can range from clay to gravel. The banks may flood
seasonally and are exposed to relatively high-energy removal processes, at least
periodically. Along undeveloped shorelines, there can be leafy litter and woody debris
trapped among the vegetation. In developed areas, yards and gardens may abut the lake or
river.

Sensitivity

Vegetated shoreline habitats are considered to have medium to high sensitivity to oil spills.
They are not particularly important habitats for sensitive animals and plants, although
many animals use vegetated banks for drinking, washing food, crossing bodies of water, and
feeding.

Bank plants oiled during a flood period could be susceptible, especially if the flood rapidly
subsides, allowing oil to penetrate into bank sediments and to contact root systems. Small
plants, particularly annuals, are likely to be most damaged. Stranded oil could remain in the
habitat until another flood reaches the same level and provides a mechanism for natural
flushing. On steep banks, the oil is likely to form a band, or multiple bands, at the waterline.
On gentle banks, there is a greater potential for oil to accumulate in pools, penetrate the
substrate, and coat large areas of vegetation, thus raising the issue of shoreline cleanup. In
developed urban and suburban areas, human use and aesthetics would be the main reasons
for cleanup.
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Table 23. Relative environmental impact from response methods for VEGETATED SHORELINE
habitats (ESI = 9A).

Gasoline Diesel- Medium Heavy

Chemical Shoreline Pretreatment =
Shoreline Cleaners -
Natural Microbe Seeding -

Response Method Products Like Qils  OQils Qils
Natural Recovery A A B B
Flooding B A A B
Low-Pressure, Cold-Water Flushing B A A B
Sorbents - A B B
Manual Oil Removal/Cleaning D B B B
Debris Removal - B B B
Vacuum - B B B
Vegetation Removal D B B B
Nutrient Enrichment - B B B
In-Situ Burning - B B B
High-Pressure, Cold-Water Flushing D © C D
Mechanical Oil Removal D C C C
Low-Pressure, Hot-Water Flushing D D D D
High-Pressure, Hot-Water Flushing D D D D
Sediment Reworking D D D D
Solidifiers - D D -

I I

I I

I I

The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
I = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-"= Not applicable for this oil type.





RESPONSE METHODS: VEGETATED SHORELINE
HABITATS

Least Adverse Habitat Impact

Natural Recouvery

= Low impact for small or moderate-size spills and lighter oils
= More impact for large spills of medium- or high-viscosity oils

Flooding

= Operationally difficult and marginally effective for steep banks

= Appropriate for gentle banks where persistent oil has pooled, assuming that the
released oil can be directed towards recovery devices or sorbents

= Use on heavy oils is likely to leave large amounts of residual oil in the environment

= Use on gasoline spills may transport the oil to more sensitive habitats

Low-Pressure, Cold-Water Flushing

= Effective for washing oil stranded on the banks into the water for recovery

= Vegetation cover minimizes the potential for sediment erosion from flushing

= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

Some Adverse Habitat Impact

Sorbents

= Useful for recovering sheens, even for gasoline spills

= Physical removal rates of medium and heavy oils will be slow, so less oil will be
mobilized for recovery by sorbents

= Overuse generates excess waste

Manual Oil Remouval/Cleaning

= Some mixing of oil into the substrate and trampling of vegetation is unavoidable with
foot traffic in oiled areas

= Gasoline tends to quickly evaporate; therefore habitat disruption, worker safety
concerns, and waste generated by manual cleanup are not balanced by benefits in
removing oil
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Debris Remouval

= Degree of oiling that warrants debris removal and disposal depends on use by
humans and sensitive resources
< Minimal concerns where substrate is firm or work is conducted from boats

Vacuum

= Potential damage where substrate will not support vehicular traffic
< Most effective where access is good and substrate can support vehicles
= Only useful when oil is pooled

Vegetation Remouvdl

= Usually not necessary to reduce oil impact on vegetation
= May be required in areas used by sensitive animals

Nutrient Enrichment

= Applicable where nutrients are a limiting factor for oil degradation
= More effective after gross oil removal is completed
= Not applicable to gasoline spills because they rapidly evaporate

IN-Situ Burning

= May be the least physically damaging means of oil removal from the banks
= Least impact for grassy areas versus banks covered with trees and shrubs

Probable Adverse Habitat Impact

High-Pressure, Cold-Water Flushing

= High-pressure water spray will disturb plants and erode sediments
= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

Mechanical Oil Remouval

= Excessive physical disruption likely from use of equipment

Most Adverse Habitat Impact

Low-Pressure, Hot-Water Flushing

= Hot water could kill plants and potentially erode and degrade habitat
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High-Pressure, Hot-Water Flushing

= Combination of high pressure and hot water poses high risk of sediment and
vegetation loss

Sediment ReworKing

= Will result in extensive habitat disruption

Solidifiers

< Not applicable to gasoline spills because they rapidly evaporate

= Application of loose particulates may impede removal of oil mixed with, and
adhered to, vegetation, litter, and debris

= May be useful in recovering sheens when deployed as booms and pillows

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil or penetrate netting or fabric encasing the loose particulates

Insufficient Information

Chemical Shoreline Pretreatment

= There is insufficient information on impact and effectiveness in freshwater vegetation

Shoreline Cleaning Agents

< More information needed on available products, their effectiveness, and impact of
use on vegetated bank habitats
= Individual products vary in their toxicity and ability to recover the treated oil

Natural Microbe Seeding

= There is insufficient information on impact and effectiveness in freshwater vegetated
shorelines
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3.12 MUD HABITATS (ESI = 9B)
Habitat Description

Mud habitats are characterized by a substrate composed predominantly of silt and clay
sediments, although they may be mixed with varying amounts of sand or gravel (see
Appendix B for grain-size chart). The sediments are mostly water saturated and have low
bearing strength. In general, mud shorelines have a low gradient, although some steep banks
also may consist of mud. The mud habitats generally are low energy and sheltered from
wave action and high currents. Adjacent nearshore areas are usually shallow with muddy
sediments. These fine-grained habitats often are associated with wetlands; Section 3.13
discusses habitats where aquatic vegetation dominates. Bare or sparsely vegetated mud
substrates are rare along Great Lake shorelines. However, they commonly occur along river
floodplains and lake bottoms, where they can be exposed during seasonal low water levels.

Sensitivity

Mud habitats are highly sensitive to oil spills and subsequent response activities. Shoreline
sediments are likely to be rich in organic matter and support an abundance of infauna.
Muddy habitats are important feeding grounds for birds and rearing areas for fish.

Oil will not penetrate muddy sediments because of their low permeability and high water
content, except through decaying root and stem holes or animal burrows. There can be high
concentrations and pools of oil on the surface. Natural removal rates can be very slow,
chronically exposing sensitive resources to the oil. The low bearing capacity of these
shorelines means that response actions can easily leave long-lasting imprints, cause
significant erosion, and mix the oil deeper into the sediments. When subsurface sediments
are contaminated, oil will weather slowly and may persist for years. Response methods may
be hampered by limited access, wide areas of shallow water, fringing vegetation, and soft
substrate.
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Table 24. Relative environmental impact from response methods for MUD habitats (ESI = 9B).

Gasoline Diesel- Medium Heavy
Response Method Products Like Oils  Oils Qils

Natural Recovery A
Flooding B
Sorbents B
Debris Removal

Vacuum

In-Situ Burning

Low-Pressure, Cold-Water Flushing
Manual Oil Removal/Cleaning
Low-Pressure, Hot-Water Flushing
Solidifiers

Mechanical Oil Removal
High-Pressure, Cold-Water Flushing
High-Pressure, Hot-Water Flushing
Sediment Reworking

Shoreline Cleaning Agents

Natural Microbe Seeding

Nutrient Enrichment -
Chemical Shoreline Pretreatment

>
>
o

OO0 W w w >

(wilwllwilwiwilwiwEwEe)

— — — 0O 000000 OO w> >
— — — O 000000000 mw> >

—— — 0O O 0O O O

The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.
"-" = Not applicable for this oil type.





RESPONSE METHODS: MUD HABITATS

Least Adverse Habitat Impact

Natural Recouvery

= Least impact for small spills and lighter oils, to prevent disruptions associated with
cleanup efforts
= For large spills or heavy oils, expect long-term persistence in low-energy settings

Flooding

= Effective only for fresh, fluid oils

= Local topography may limit the ability to control where the water and released oil
flow and effectiveness of recovery

= Use on gasoline spills may transport the oil to more sensitive habitats

Sorbents

= Useful as long as the oil is mobilized and recovered by the sorbent
= Overuse generates excess waste
e Careful placement and recovery is necessary to minimize substrate disruption

Some Adverse Habitat Impact

Debris Remouval

= Degree of oiling that warrants debris removal and disposal depends on use by
sensitive resources
= Extensive disruption of soft substrate likely

Vacuum

< Not applicable to gasoline spills because of safety concerns

= Use to remove oil pooled on the surface

= Avoid digging trenches to collect oil because they can introduce oil deeper into the
sediment

= Disruption of soft substrates can be limited by placing boards on the surface and
controlling access routes

Probable Adverse Habitat Impact

IN-Situ Burning
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Heat may impact biological productivity of habitat, especially where there is no
standing water to act as a heat sink on top of the mud
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Low-Pressure, Cold-Water Flushing

e Mud is readily suspended if substrate is not firm

= Not effective for higher-viscosity oils that will not move with low pressure

= Local topography may limit the ability to control where the water and released oil
flow and effectiveness of recovery

= Use on gasoline spills may transport the oil to more sensitive habitats

Manual Oil Remouval/Cleaning

= Use where persistent oil occurs in moderate to heavy amounts, or where sensitive
resources must be protected

= Response crews may trample soft substrates, mix oil deeper into the sediments, and
contaminate clean areas

Low-Pressure, Hot-Water Flushing

= Physical and thermal impacts to habitat likely

Most Adverse Habitat Impact
Solidifiers

= High likelihood of disruption and mixing of oil deeper into the substrate during
application and retrieval

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

Mechanical Oil Remouval

= Soft substrate will not support vehicular traffic
= Will probably cause extensive physical habitat disruption

High-Pressure, Cold-Water Flushing and High-Pressure, Hot-Water
Flushing

= High-pressure water will cause extensive sediment suspension and erosion
= Potential for burial of oiled sediments and transport of oil to adjacent areas

Sediment ReworKing

= Will extensively disrupt physical habitat
= Increases oil penetration, burial, and persistence
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Shoreline Cleaning Agents

= Current products are designed for use with high-pressure flushing; since used with
flushing, water pressure needs to be considered
< Individual products vary in their toxicity and ability to recover the treated oil

Insufficient Information

Natural Microbe Seeding and Nutrient Enrichment

= Not applicable to gasoline spills because they rapidly evaporate
= There is insufficient information on impact and effectiveness in mud habitats

Chemical Shoreline Pretreatment

= There is insufficient information about direct toxicity of the products, disturbances
resulting from application and retrieval, effectiveness, and net benefit
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3.13 WETLAND HABITATS (ESI = 10A, 10B)
Habitat Description

Wetlands are characterized by water, unique soils that differ from adjacent upland areas,
and vegetation adapted to wet conditions. Wetlands include a range of habitats such as
marshes, bogs, bottomland hardwood forests, fens, playas, prairie potholes, and swamps.
Substrate, vegetation, hydrology, seasonality, and biological use of inland wetlands are
highly variable, making characterization difficult. The surfaces of wetlands usually have a
low gradient and vegetated areas are typically at or under the water level. There can be
distinct channels or drainages with flowing water, except at the exposed outer fringe;
however, natural physical processes are minimal. Water levels may vary seasonally, and the
wetland may be simply a zone of water-saturated soils during the dry season. Where mud
habitats dominate the wetland, refer to Section 3.12 for a discussion of applicable response
methods.

Sensitivity

Wetlands are highly sensitive to oil spills. The biological diversity in these habitats is
significant and they provide critical habitat for many types of animals and plants. Oil spills
affect both the habitat (vegetation and sediments) and the organisms that directly and
indirectly rely on the habitat. Surprisingly little is known about oil impact on freshwater
plants, although there are likely differences between robust perennials with substantial
underground systems and cycles of winter die-back, and annuals that lack underground
nutrient reserves. Detritus-based food webs are fundamentally important in wetlands; oil
could possibly affect these by slowing decomposition rates of plant material.

Wetlands support populations of fish, amphibians, reptiles, birds, and mammals, with
many species reliant upon wetlands for their reproduction and early life stages when they
are most sensitive to oil. Many endangered animals and plants occur only in wetlands, and
spills in such areas would be of particular conservation concern. Migratory waterbirds
depend heavily on wetlands as summer breeding locations, migration stopovers, and winter
habitats. The threat of direct oiling of animals using the wetland often drives efforts to
remove the oil. If oil and/or cleanup efforts causes a loss of the more sensitive plants or
modifies the ecosystem structure, then feeding and breeding of dependent wildlife may be
affected.
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Table 25. Relative environmental impact from response methods for WETLAND habitats (ESI = 10A,

Shoreline Cleaning Agents
Nutrient Enrichment
Natural Microbe Seeding
Chemical Shoreline Pretreatment -

10B).
Gasoline Diesel- Medium Heavy

Response Method Products Like Oils  OQils Qils
Natural Recovery A A A B
Sorbents C A A
Flooding B A A B
Low-Pressure, Cold-Water Flushing B A A B
In-Situ Burning B B B B
Vacuum - B B B
Debris Removal - B B B
Vegetation Removal D C C C
Manual Oil Removal/Cleaning D D C C
High-Pressure, Cold-Water Flushing D D D D
Low-Pressure, Hot-Water Flushing D D D D
High-Pressure, Hot-Water Flushing D D D D
Mechanical Oil Removal D D D D
Sediment Reworking D D D D
Solidifiers D D D -

I |

I |

I |

| |

The following categories are used to compare the relative environmental impact of each response method for the specific
environment or habitat for each oil type, using the following definitions:
A = May cause the least adverse habitat impact.
B = May cause some adverse habitat impact.
C = May cause significant adverse habitat impact.
D = May cause the most adverse habitat impact.
| = Insufficient Information - impact or effectiveness of the method could not be evaluated at this time.

"-" = Not applicable for this oil type.





RESPONSE METHODS: WETLAND HABITATS

Least Adverse Habitat Impact

Natural Recouvery

= Least impact for small to moderate spills and lighter oils; avoids damage often
associated with cleanup activities

= Some cleanup may be warranted where large numbers of animals are likely to become
oiled during wetland use

Sorbents

e Care is necessary during placement and recovery to minimize disturbance of
substrate and vegetation
e Overuse generates excess waste

Flooding

= Erosion of substrate and vegetation may be a problem

= Can be used selectively to remove localized heavy oiling

e Can be difficult to direct water and oil flow towards recovery devices

= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

Low-Pressure, Cold-Water Flushing

= If water pressures are too high, the substrate and vegetation may be disturbed
= Use on heavy oils is likely to leave large amounts of residual oil in the environment
= Use on gasoline spills may transport the oil to more sensitive habitats

Some Adverse Habitat Impact

IN-Situ Burning

= May be one of the least physically damaging means of heavy oil removal
= Presence of a water layer on marsh surface can protect roots

= Time of year (vegetation growth stage) is important consideration

= May be appropriate for gasoline spills trapped in ice

Vacuum

= Can be effective in removal of pooled oil from the marsh surface
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< Trampling of vegetation and substrate can be limited by placing boards on the
surface and limiting traffic

Debris Remouval

< The removal of heavily oiled and mobile debris may reduce the tracking of oil off-site
and contamination of wildlife

Probable Adverse Habitat Impact

Vegetation Remoudl

= Used to prevent oiling of sensitive animals using the wetland

= Most appropriate for oils that form a thick, sticky coating on the vegetation, such as
medium and heavy oils

= May delay recovery of the vegetation due to both oil impact and physical
destruction by cleanup crews

< Trampling of vegetation may be reduced by controlling access routes, using boards
placed on surface, or conducting operations from boats

Manual Oil Remouval/Cleaning

= Used where persistent oil occurs in heavy amounts and where sensitive resources
using the wetlands are likely to be oiled
= Response crews may trample roots and mix oil deeper into the sediments

Most Adverse Habitat Impact

High-Pressure, Cold-Water Flushing

= High-pressure spray will disrupt sediments, root systems, and animals

Low-Pressure, Hot-Water Flushing and High-Pressure, Hot-Water
Flushing

= Hot water will likely Kill the vegetation

Mechanical Oil Remouval

= Using vehicles in soft substrate will probably cause extensive physical disruption

= Can completely alter the marsh substrate, hydrology, and vegetation patterns for
many years

= Use in heavily oiled wetlands when all other techniques have failed and there is an
overriding reason for oil removal
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Sediment ReworKing

= No benefit from mixing oil deeper into fine-grained and organic soils

Solidifiers

< Not applicable to gasoline spills because they rapidly evaporate

= Use likely to increase adherence to vegetation and slow weathering/removal rates of
residual oil

= Not effective on heavy oils, which are too viscous to allow the product to mix into
the oil

Insufficient Information

Shoreline Cleaning Agents

< More information needed on available products, their effectiveness, and impact of
use on vegetated bank habitats
= Individual products vary in their toxicity and recoverability of the treated oil

Nutrient Enrichment and Natural Microbe Seeding

= Not applicable to gasoline spills because they rapidly evaporate

= Concerns include eutrophication and acute toxicity, particularly from ammonia,
because of shallow waters and low mixing rates

= There is insufficient information on impact and effectiveness in wetlands

Chemical Shoreline Pretreatment

= There is insufficient information about product toxicity, disturbances resulting from
application and retrieval, effectiveness, and net benefit
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4.0 SPILL RESPONSE METHODS

This section describes methods previously categorized for use during response to oil spills in
inland environments and habitats. The methods are used in the protection, recovery, and
cleanup phases of a response. The main objective of protection is to keep oil out of a habitat
or to reduce the amount that enters. Recovery consists of removing floating oil from the water
surface. The cleanup phase consists of removing stranded oil from shoreline habitats via
physical, chemical, and enhanced biological means. In most spill response situations,
protection and oil recovery are the immediate goals. Combinations of protection, recovery,
and cleanup methods are commonly used though these guidelines treat each method
separately.

The following section includes a summary of the objective in using the method, a general
description of the method, applicable habitat types, conditions under which the methods
should be used, biological constraints commonly applied to the use of the method to protect
sensitive resources, and the environmental effects expected from the proper use of the
method. Some of the methods listed require special authorization for use during a spill; the
appropriate agency must be contacted about the need for special approvals. We encourage
you to refer to the references listed in Appendix A for further information.

Physical Response Methods

1 Natural Recovery 11 Sediment Reworking

2 Booming 12 Vegetation Removal

3 Skimming 13 In-Situ Burning

4 Barrier/Berm 14 Flooding

5 Physical Herding 15 Low-Pressure, Cold-Water Flushing
6 Manual Oil Removal/Cleaning 16 High-Pressure, Cold-Water Flushing
7 Mechanical Oil Removal 17 Low-Pressure, Hot-Water Flushing
8 Sorbents 18 High-Pressure, Hot-Water Flushing
9 Vacuum 19 Steam Cleaning

10 Debris Removal 20 Sand Blasting
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Chemical Response Methods

21 Dispersants 25 Solidifiers
22 Emulsion Treating Agents 26 Chemical Shoreline Pretreatment
23 Visco-Elastic Agents 27 Shoreline Cleaning Agents

24 Herding Agents

Biological Response Methods
28 Nutrient Enrichment

29 Natural Microbial Seeding

1. Natural Recovery
Objective

No attempt to remove any stranded oil in order to minimize impact to the environment, or
because there is no proven effective method for cleanup.

Description

No action is taken, although monitoring of the incident continues.
Applicable Habitat Types

Can be used on all habitat types.

When to Use

On remote or inaccessible habitats, when natural removal rates are very fast (e.g., the
evaporation of gasoline), when the degree of oiling is light, or when cleanup actions will do
more harm than natural removal.

Biological Constraints

This method may be inappropriate for areas where high numbers of mobile animals (birds,
terrestrial mammals) or endangered species use the body of water or shoreline.

Environmental Effects

Same as from the oil alone.
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2. Booming

Objective

To control the movement of floating oil by containment, diversion, deflection, or exclusion.
Description

Placement of a device (boom) on the water that forms a barrier to floating oil. Containment is
deploying a boom to hold the oil until it can be removed. Deflection is moving oil away from
sensitive areas. Diversion is moving oil toward recovery sites that have slower flow, better
access, etc. Exclusion is placing boom to prevent oil from reaching sensitive areas. The
ultimate goal is to recover the oil.

Applicable Habitat Types

Can be used on all water environments. Booms begin to fail by entrainment when the
effective current or towing speed exceeds 0.7 knots perpendicular to the boom.

wWhen to Use

Nearly all types of response to spills on water involve deploying boom to assist in the
recovery of floating oil. Booms must be properly deployed and maintained, including
removing accumulated debris. Containment booming of gasoline spills is usually not
attempted, because of both fire and inhalation hazards to responders. However, when
public health is at risk, booming of gasoline can be attempted with use of foam and extreme
safety procedures. Deflection or exclusion booming of sensitive areas to prevent exposure to
oil, including gasoline, can be an important protection action.

Biological Constraints

Placement and maintenance of anchoring points should not cause excessive physical
disruption. Boom must be maintained so that it does not trap oil improperly and cause
more damage. Traffic to/from boom sites should not disturb wildlife.

Environmental Effects

Minimal if surface disturbance by cleanup work force traffic is controlled.
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3. Skimming

Objective

To recover floating oil from the water surface.
Description

Mechanized equipment is placed at the oil/water interface. There are five different types of
skimmers: weir, suction, centrifugal, submersion, and oleophilic. They may operate
independently from shore, be mounted on vessels, or be completely self-propelled. All
require collection and concentration of floating oil at the skimmer, usually using booms.
Large amounts of water are often collected and must be handled. Adequate storage of
recovered oil/water mixture must be available.

Applicable Habitat Types

Can be used on all water environments. Waves, currents, and debris reduce skimmer
efficiencies.

wWhen to Use

When sufficient amounts of floating oil can be contained. Skimming of gasoline spills is
usually not feasible, because of both fire and inhalation hazards to responders. However,
when public health is at risk, skimming of gasoline can be attempted using foam and
extreme safety procedures.

Biological Constraints
Traffic to/from skimming sites should not disturb wildlife.
Environmental Effects

Minimal if surface disturbance by cleanup work force traffic is controlled.

4. Barriers/Berms

Objective

To prevent entry of oil into a sensitive area or to divert oil to a collection area.
Description

A physical barrier is placed across an area to prevent moving oil from passing. Barriers can
consist of earthen berms, filter fences, air bubble barriers, or trenches. When it is necessary
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for water to pass, because of water volume or downstream needs, underflow dams (for low
flow rates) or overflow dams are used.

Applicable Habitat Types

In streams and dry valleys, where the width and depth of the area to be closed off are
relatively small. Also, at the mouths of small creeks along lake shorelines, to prevent oil
from being blown upstream.

When to Use

When the flow of oil threatens sensitive habitats. If the barrier does not fail, it is the most
effective strategy to exclude oil from an area.

Biological Constraints

Place barriers away from sensitive areas, such as spawning sites. Downstream water
requirements should be monitored to prevent dewatering of sensitive areas.

Environmental Effects

May disrupt or contaminate sediments along banks or in channel. Dewatering or poor water
guality downstream may affect aquatic organisms.

5. Physical Herding
Objective

To free oil trapped in debris or vegetation on water; to direct the movement of floating oil
towards containment and recovery devices; or to push oil away from sensitive areas.

Description

Water or air streams and propeller wash generate a current to dislodge trapped oil and herd
the released oil to containment and recovery area. May mix oil with water to form
emulsified oil.

Applicable Habitat Types

In lakes and ponds where there are little or no currents, along rivers and streams where the
channel or banks are accessible, and in and around manmade structures such as wharves
and piers.

108





When to Use

In low-current or stagnant waterbodies, to herd oil in booms towards recovery devices.
Along rivers and streams, when mobile oil has penetrated vegetated banks or accumulated in
log jams or other debris, water spray and prop wash can mobilize the oil to flow
downstream to collection points.

Biological Constraints
None.
Environmental Effects

May generate high levels of suspended sediments and mix them with the oil, resulting in
deposition of contaminated sediments in benthic habitats.

6. Manual 0il Removal/Cleaning

Objective

To remove surface oil with hand tools and manual labor.
Description

Removal of surface oil by manual means (hands, rakes, shovels, buckets, rags, sorbent pads,
etc.) and placing in containers. No mechanized equipment is used.

Applicable Habitat Types
Can be used on all habitat types.
When to Use

Light to moderate oiling conditions for stranded oil, or heavy oils on water that have formed
semi-solid to solid masses that can be picked up manually.

Biological Constraints

Foot traffic over sensitive areas (wetlands, floating vegetation, etc.) needs to be restricted or
prevented. There may be periods when access should be avoided, such as during bird
nesting.

Environmental Effects

Minimal if surface disturbance by crew movement and waste generation is controlled.
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7. Mechanical 0il Removal

Objective

Removal of oil from water surface, bottom sediments, and shorelines with heavy equipment.
Description

Oil and oiled sediments are collected and removed using backhoes, dredges, graders,
bulldozers, draglines, etc. On land, the oiled material is pushed into piles and transported
offsite for treatment/disposal. On water, the equipment is operated from shore or barges to
recover large amounts of heavy or solidified oil.

Applicable Habitat Types

On land, possible wherever there are surface sediments accessible to heavy equipment. On

water, used in lakes, rivers, etc., where oil accumulates.
When to Use

When large amounts of oiled materials have to be collected and removed. Along shorelines,
care should be taken to remove sediments only to the depth of oil penetration, which can be
difficult with heavy equipment. Should be used carefully where excessive sediment removal
may erode the beach. Will need special permission to use in areas with known cultural
resources.

Biological Constraints

Heavy equipment may be restricted in sensitive habitats (e.g., wetlands, soft substrate) or
areas containing endangered plants and animals.

Environmental Effects

The equipment is heavy, with many support personnel required. May be detrimental if
excessive sediments are removed without replacement. All organisms in the sediments will
be affected, although the need to remove the oil may make this response method the best
overall alternative. Runoff from exposed oil and fine-grained oily sediments can affect
adjacent bodies of water.
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8. Sorbents
Objective

To remove floating oil by adsorption onto oleophilic material placed in water or at the
waterline.

Description

Sorbent material is placed on the water surface, allowing it to absorb oil as it is released by
natural processes. Forms include sausage boom, rolls, sweeps, pads, and snares. Efficacy
depends on the capacity of the particular sorbent, energy available for lifting oil off the
substrate, and stickiness of the oil. Recovery of all sorbent material is mandatory.

Applicable Habitat Types
Can be used on any habitat or environment type.
When to Use

When the stranded oil is mobile and transport of oil is expected on or off the site. The oil
must be viscous and thick enough to be released by the substrate and absorbed by the
sorbent. Often used as a secondary treatment method after gross oil removal and in
sensitive areas where access is restricted.

Biological Constraints

Access for deploying and retrieving sorbents should not affect soft or sensitive habitats or
wildlife. Sorbent use should be monitored to prevent overuse and generating large volumes
of waste.

Environmental Effects

Physical disturbance of habitat during deployment and retrieval. When the sorbents are no
longer effective, oil may remain in critical habitats during sensitive periods.

9. Vacuum

Objective

To remove free oil pooled on the substrate or from the water in sheltered areas.
Description

A vacuum unit with a suction head recovers free oil. The equipment can range from small,
portable units that fill individual 55-gallon drums to large supersuckers that are truck-
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mounted and can lift large rocks. Can be used with booms and flushing systems to move the
oil toward the suction head. Removal rates from substrates can be extremely slow.

Applicable Habitat Types

Any accessible habitat type. May be mounted on barges for water-based operations, on
trucks backed to the recovery area, or hand-carried to remote sites.

When to Use

When free, liquid oil is stranded on the substrate (usually in depressions), trapped in
vegetation and is readily accessible, or concentrated on the water surface. Often used
instead of skimmers for floating oil recovery. Usually requires shoreline access points. Used
in recovery of gasoline spills only with special precautions such as: applying foam to
suppress vapors, testing for flammable vapor, locating the vacuum truck a safe distance
from spill, and venting the pump discharge safely.

Biological Constraints

Special restrictions should be identified for areas where foot traffic and equipment
operation should be limited, such as soft substrates. Operations in wetlands need to be very
closely monitored, with a site-specific list of restrictions.

Environmental Effects

Minimal if foot and vehicular traffic is controlled and minimal substrate is removed.

10. Debris Removal

Objective

To remove contaminated debris from the shoreline or water surface.
Description

Manual or mechanical removal of debris from the shore or water surface. Can include cutting
up and removal of oiled logs.

Applicable Habitat Types
Can be used on any habitat or environment type where safe access is allowed.

When to Use

112





When driftwood and debris are heavily contaminated and provide a potential source of
chronic oil release, an aesthetic problem, a source of contamination for other organisms in
the area, or skimmer clogging problems.

Biological Constraints

Disturbance to adjacent areas should be minimized. Foot traffic over sensitive areas
(wetlands, spawning grounds) needs to be restricted. May be periods when access should be
restricted (spawning periods, large numbers of migratory waterbirds).

Environmental Effects

Physical disruption of substrate, especially when equipment must be deployed to recover a
large quantity of debris.

11. Sediment Reworking
Objective

To rework oiled sediments to break up the oil deposits, increase its surface area, and mix
deep subsurface oil layers, which will expose the oil to natural removal processes and
enhance the rate of oil degradation.

Description

The oiled sediments are roto-tilled, disked, or otherwise mechanically mixed using heavy
equipment. Along lake shores, oiled sediments may also be pushed lower on the shore to
enhance natural cleanup from reworking by wave activity. The process may be aided with
high-volume flushing of gravel.

Applicable Habitat Types
On any sedimentary substrate that can support heavy equipment.
When to Use

On sand to gravel beaches with subsurface oil, where sediment removal is not feasible (due
to erosion concerns or disposal problems). Also where surface oil deposits have started to

form pavements or crusts. Appropriate for sites where the oil is stranded above the normal
water level.
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Biological Constraints

Avoid use on shores near water intakes, fish-spawning areas, or near bird-nesting or concen-
tration areas because of the potential for release of oil and oiled sediments into adjacent
bodies of water.

Environmental Effects

Due to the mixing of oil into sediments, this method could further expose organisms that live
below the original layer of oil. Repeated mixing over time could delay re-establishing
organisms. Runoff from treated sites could contaminate downslope areas.

12. Vegetation Removal

Objective

To cut and remove oiled vegetation to prevent oiling of wildlife or chronic oil releases.
Description

Manual cutting of oiled rooted vegetation using weed eaters. Cut vegetation is raked up.
Floating vegetation is removed either manually or mechanically.

Applicable Habitat Types
Wetlands composed of emergent, herbaceous vegetation and floating aquatic vegetation.
When to Use

When the risk of oiled vegetation contaminating wildlife is greater than the value of the
vegetation that is to be cut, and there is no less destructive method that removes or reduces
the risk to acceptable levels.

Biological Constraints

Operations must be strictly monitored to minimize the degree of root destruction and mixing
of oil deeper into the sediments. Access in bird-nesting areas should be restricted during
nesting seasons.

Environmental Effects

Vegetation removal will destroy habitat for many animals. Cut areas will have reduced
plant growth. Along exposed sections of shoreline, the vegetation may not regrow, eroding
and destroying the habitat. Trampled areas will recover much more slowly.
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13. In-Situ Burning

Objective

To remove oil from the water surface or habitat by burning.
Description

Oil floating on the water surface is collected into slicks at least 2-3 millimeters thick and
ignited. The oil can be contained in fire resistant booms, or by natural barriers such as ice or
the shore. On land, oil in the habitat is burned, usually when it is on a combustible substrate
such as vegetation, logs, and other debris. Oil can be burned off non-flammable substrates
using a burn promoter. On sedimentary substrates, it may be necessary to dig trenches for
oil to accumulate in pools thick enough to burn efficiently. Heavy and emulsified oils are
harder to ignite and sustain an efficient burn, but are still burnable.

Applicable Habitat Types

On any habitat type except dry muddy substrates where heat may impact the biological
productivity of the habitat.

wWhen to Use

On floating slicks, early in the spill event when the oil can kept thick enough (2-3
millimeters). On land, where there is heavy oil in sites not amenable or accessible to physical
removal and it is important to immobilize the stranded oil quickly. In wetlands and mud
habitats, a water layer minimizes impacts to sediments and roots. Many potential
applications for spills in ice.

Biological Constraints

Large volumes of smoke are generated, and its effect on nesting birds and populated areas
should be evaluated.

Environmental Effects

Temperature and air quality effects are likely to be localized and short-lived. Toxicological
impact from burn residues have not been evaluated. There are few studies on the relative
effects of burning oiled wetlands compared to other techniques or natural recovery, but the
limited data indicate little impact of burning relative to natural recovery when the soils are
saturated.
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14. Flooding

Objective

To wash oil stranded on the land surface to the water’s edge for collection.
Description

A perforated header pipe or hose is placed above the oiled shore or bank. Ambient water is
pumped through the header pipe at low pressures and flows downslope to the water. On
porous sediments, water flows through the substrate, pushing loose oil ahead of it (or floats
oil to the water’s surface) then transports the oil down the slope for pickup. Flow is
maintained to remove the majority of free oil. Oil is trapped by booms and is recovered by
skimmers or other suitable equipment.

Applicable Habitat Types
All habitat types.
When to Use

In heavily oiled areas when the oil is still fluid and loosely adheres to the substrate, and
where oil has penetrated into gravel sediments. This method is frequently used with other
washing techniques (low- or high-pressure, cold water).

Biological Constraints
Not appropriate where nearshore sediments contain rich biological communities.
Environmental Effects

Habitat may be physically disturbed by foot traffic during operations and smothered by
sediments washed down the slope. Oiled sediment may be transported to shallow
nearshore areas, contaminating them and burying benthic organisms.

15. Low-Pressure, Cold-Water Flushing
Objective

To remove liquid oil that has adhered to the substrate or manmade structures, pooled on the
surface, or become trapped in vegetation.

Description
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Ambient water is sprayed at low pressures (<50 psi), usually from hand-held hoses, to lift
oil from the substrate and direct it to the water’s edge for pickup. Can be used with a
flooding system to prevent released oil from re-adhering to the substrate.

Applicable Habitat Types

On heavily oiled substrates, riprap, and seawalls where the oil is still liquid. In wetlands
and along vegetated banks where free oil is trapped in vegetation.

When to Use
Where free, liquid oil is stranded onshore or floating in very shallow areas.
Biological Constraints

Not appropriate where nearshore sediments contain rich biological communities. May need
to restrict use so that the oil/water effluent does not drain across sensitive habitats. Use
from boats will prevent foot traffic in soft substrates and vegetation. Released oil must be
recovered to prevent further oiling of adjacent areas.

Environmental Effects

If containment methods are not sufficient, contamination may be flushed into downstream
areas. Some trampling of substrate and vegetation is unavoidable.

16. High-Pressure, Cold-Water Flushing

Objective

To remove oil that has adhered to hard substrates or manmade structures.
Description

Similar to low-pressure flushing except that water pressure is 100-1,000 psi. High-pressure
spray will more effectively remove sticky or viscous oils. If water volumes are low, sorbents
are placed directly below the treatment area to recover oil.

Applicable Habitat Types
Bedrock, manmade structures, and gravel habitats.
When to Use

When low-pressure flushing is not effective at removing adhered oil, which must be removed
to prevent continued oil release or for aesthetic reasons. When a directed water jet can
remove oil from hard-to-reach sites.
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Biological Constraints

May need to restrict flushing so that the oil/water effluent does not drain across sensitive
habitats. Released oil must be recovered to prevent further oiling of adjacent areas.

Environmental Effects

May drive oil deeper into the substrate if water jet is improperly applied. If containment
methods are not sufficient, contamination may be flushed into downstream areas. Some
trampling of substrate and vegetation is unavoidable.

17. Low-Pressure, Hot-Water Flushing
Objective

To remove non-liquid oil that has adhered to the substrate or manmade structures, or
pooled on the surface.

Description

Hot water (90°F up to 170°F) is sprayed with hoses at low pressures (<50 psi) to liquefy
and lift oil from the substrate and direct it to the water’s edge for pickup. Used with
flooding to prevent released oil from re-adhering to the substrate.

Applicable Habitat Types
On heavily oiled bedrock, sand to gravel substrates, and manmade structures.
When to Use

Where heavy, but relatively fresh oil is stranded onshore. The strategy is to heat the oil to
above its pour point, so it will flow. Less effective on sticky oils.

Biological Constraints

Avoid wetlands or nearshore sediments with rich biological communities. Use should be
restricted so that the hot oil/water effluent does not contact sensitive habitats. Boat use
will prevent foot traffic in soft substrates and vegetation. Released oil must be recovered to
prevent further oiling of adjacent areas.
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Environmental Effects

Hot water can kill all organisms in direct contact. If containment methods are not sufficient,
contamination may be flushed into downstream areas. Some trampling of substrate and
vegetation is unavoidable during the response.

18. High-Pressure, Hot-Water Flushing
Objective

To mobilize weathered and viscous oil adhered to surfaces.
Description

Hot water (90°F up to 170°F) is sprayed with hand wands at pressures greater than 100
psi. Used without water flooding, this procedure requires immediate use of vacuum or
sorbents to recover the oil/water runoff. When used with a flooding system, the oil is
flushed to the water surface for collection by skimmers or sorbents.

Applicable Habitat Types
Gravel habitats, bedrock, and manmade structures.
When to Use

When oil has weathered to the point that even warm water at low pressure no longer
effectively removes oil, to prevent continued release of oil. To remove viscous oil from
manmade structures for aesthetic reasons.

Biological Constraints

Use should be restricted so that the oil/water effluent does not drain across sensitive
habitats (damage can result from exposure to oil, oiled sediments, and hot water). Released
oil must be recovered to prevent further oiling of adjacent areas.

Environmental Effects

All attached organisms and plants in the direct spray zone will be removed or Killed, even
when used properly. Oiled sediment may be transported to shallow nearshore areas,
contaminating them and burying benthic organisms.
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19. Steam Cleaning

Objective

To remove heavy residual oil from solid substrates.
Description

Steam or very hot water (170°F to 212°F) is sprayed with hand wands at high pressure.
Water volumes are very low compared to flushing methods.

Applicable Habitat Types
Manmade structures such as seawalls and riprap.
When to Use

When heavy oil residue remaining on a shoreline needs to be cleaned for aesthetic reasons,
and when hot-water wash is not effective.

Biological Constraints

Not to be used in areas of soft substrate, vegetation, or high biological abundance directly
on or below the structure.

Environmental Effects

Complete destruction of all organisms in the spray zone. Difficult to recover all released oil.

20. Sand Blasting

Objective

To remove heavy residual oil from solid substrates.
Description

Use of sandblasting equipment to remove oil from the substrate. May include recovery of
used (oiled) sand in some cases.

Applicable Habitat Types

Manmade structures such as seawalls and riprap.
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When to Use

When heavy oil residue is remaining on the shoreline, which needs to be cleaned for aesthetic
reasons, and even steam cleaning is not effective.

Biological Constraints

Not to be used in areas of soft substrate, vegetation, or high biological abundance directly
below or adjacent to the structures.

Environmental Effects

Complete destruction of all organisms in the blast zone. Possible smothering of downstream
organisms with sand. When the used sand is not recovered, introduces oiled sediments into
the adjacent habitat.

21. Dispersants
Objective

To remove floating oil from the water surface and disperse it into the water column, to
reduce impact to sensitive shoreline habitats and animals that use the water surface.

Description

Specially formulated products containing surface-active agents are sprayed at
concentrations of about 5 percent by volume of the oil onto the slicks by aircraft or from
boats. The products can be applied undiluted or mixed with water. The dispersants reduce
the oil/water surficial tension and decrease the energy needed for the slick to break into
small particles and mix into the water column. Some turbulence is needed to mix the
dispersant into the oil and to mix the treated oil into the water.

Applicable Habitat Types
Open water and large rivers with sufficient depth and volume for mixing and dilution.
When to Use

When the impact of the floating oil has been determined to be greater than the impact of
mixing of oil into the water column.

Biological Constraints

Use in shallow water could affect benthic resources. The potential impact of dispersed oil
on water intakes should be thoroughly considered prior to use.
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Environmental Effects

May increase effects on water-column organisms, particularly plankton and larval fish.
Dispersion will only be partially effective, so some water surface impact will still occur.

22. Emulsion-Treating Agents
Objective

To break or destabilize emulsified oil into separate oil and water phases. Can also be used
to prevent emulsion formation.

Description

Emulsion-treating agents are surfactants that are applied to emulsified oil at low
concentrations (0.1-2 percent). They can be injected into skimmer reservoirs to break the
emulsion to separate excess water from recovered oil. They also can be sprayed (similar to
dispersants) directly onto slicks to break or prevent emulsions.

Applicable Habitat Types
On all water environments where emulsified oil is present.
When to Use

For recovered oil, where storage capacities are very limited, to separate the oil and water so
that the water can be treated and discharged. On floating slicks, where emulsified oil can
reduce skimmer efficiency.

Biological Constraints
There is insufficient information to evaluate at this time.
Environmental Effects

Because this is a new application approach, there are very few data available to evaluate
environmental effects. Effective dosages are one to two orders of magnitude lower than
dispersants. Environmental concerns regarding application to slicks are: how treatment
might adversely change the physical or chemical properties of the oil; whether the oil will be
more readily dispersed; and how the treated oil will behave upon contact with birds,
mammals, and shorelines.
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23. Visco-Elastic Agents

Objective

To impart visco-elastic properties to floating oil and increase skimming rates.
Description

Chemical agent is applied as a liquid spray or a slurry onto the oil in the proper dosage.
Some mixing is required and is usually provided by the water spray during application.
Treated oil is rendered visco-elastic, but still fluid, gelatinous, or semi-solid; there is no
chemical change in the oil. The primary purpose is to increase the efficiency in skimmer
removal rates while minimizing amount of water. Increases the recovery by drum skimmers,
but can clog weir-type skimmers.

Applicable Habitat Types

On all water environments where oil can be contained for recovery with skimmers. Not for
use near wetlands or debris because of an increase in adhesive behavior of the treated oil.

wWhen to Use

When recovery efficiency of skimmers needs to be increased. Must be used with booming or
other physical containment. Not for use on heavy oils, which are already highly viscous.

Biological Constraints

Not suitable for vegetated shores or where there is extensive debris mixed in the oil. Should
be avoided when birds or other wildlife that may be more adversely affected by the treated
oil cannot be kept away from the treated oil.

Environmental Effects

May enhance the smothering effect of oil on organisms. Therefore, the treatment should be
considered only where recovery of the treated oil is likely.
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24. Herding Agents
Objective

To collect or herd oil into a smaller area and thicker slick in order to increase recovery. Also
can be used to herd oil away from sensitive areas or used inside containment booms when it
is necessary to move the boom.

Description

Chemical agents, which are insoluble surfactants and have a high spreading pressure, are
applied in small quantities (1-2 gallons per lineal mile) to the clean water surrounding the
edge of a fresh oil slick. They contain the oil, prevent spreading, but do not hold the spill in
place. Hand-held, vessel-mounted, or aircraft systems can be used. Must be applied early in
spill, when oil is still fluid.

Applicable Habitat Types
On all stillwater environments.
wWhen to Use

Potential use for collection and protection. For collection, used to push slicks out from under
docks and piers where it has become trapped, or in harbors, where the equipment is readily
accessible for use early in the spill. For protection in low-current areas, use to push slicks
away from sensitive resources such as wetlands. Not effective in fast currents, rough seas,
or rainfall.

Biological Constraints
Not suitable for use in very shallow water or fish-spawning areas.
Environmental Effects

Direct acute toxicity to surface layer organisms possible, though available products vary
greatly in their aquatic toxicity.

25. Solidifiers
Objective

To change the physical state of spilled oil from a liquid to a solid to reduce impact of oil to
shorelines.

124





Description

Chemical agents (polymers) are applied to oil at rates of 10-45 percent, solidifying the oil in
minutes to hours. Various broadcast systems, such as leaf blowers, water cannons, or fire
suppression systems, can be modified to apply the product over large areas. Can be applied
to both floating and stranded oil.

Applicable Habitat Types
All water environments, bedrock, sediments, and manmade structures.
When to Use

When immobilization of the oil is desired, to prevent refloating from a shoreline, penetration
into the substrate, or further spreading. However, the oil may not fully solidify unless the
product is well mixed with the oil, and may result in a mix of solid and untreated oil.
Generally not used on spills of heavy oil because the product cannot be readily mixed into
viscous oils.

Biological Constraints
Must be able to recover all treated material.
Environmental Effects

Available products are insoluble and have very low aquatic toxicity. Unrecovered solidified
oil may have longer impact because of slow weathering rates. Physical disturbance is likely
during application and recovery.

26. Chemical Shoreline Pretreatment
Objective

To prevent oil from adhering to or penetrating the substrate.
Description

Various types of film-forming agents or wetting agents are applied to habitats in advance of
the oil to prevent oil adhesion and penetration. Application must occur just prior to
stranding of the oil so timing is critical. It should be noted that there are no products now
being sold as shoreline pretreatment agents.

Applicable Habitat Types

Bedrock, sand and gravel habitats, and manmade structures.
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When to Use

When oil is projected to impact an applicable shoreline, particularly those that have high
recreational or aesthetic value. However, lack of information on the availability, effects, and
effectiveness of products greatly limits their use.

Biological Constraints

Unknown at this time but there are likely to be constraints based on product toxicity and
persistence.

Environmental Effects

Unknown at this time since there are no commercially available products. There are concerns
about toxicity and smothering since these products could be applied directly on clean
substrates.

27. Shoreline Cleaning Agents

Objective

To increase the efficiency of oil removal from contaminated substrates.
Description

Special formulations are applied to the substrate, as a presoak and/or flushing solution, to
soften or lift weathered or heavy oils to enhance flushing methods. The intent is to lower the
water temperature and pressure required to mobilize the oil from the substrate during
flushing.

Applicable Habitat Types
On any habitat where water flooding and flushing procedures are applicable.
When to Use

When the oil has weathered to the point where it cannot be removed using warm to hot
water. This approach may be most applicable where flushing effectiveness decreases as the
oil weathers.

Biological Constraints

The released oil should be recovered rather than dispersed into the water column. Use may
be restricted where suspended sediment concentrations are high, near wetlands, and near
sensitive nearshore resources.
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Environmental Effects

If more oil is dispersed into the water column, there could be more oil sorbed onto
suspended sediments and transferred to nearshore habitats, particularly along sheltered
shorelines. The toxicity of shoreline cleaners is similar to the toxicity of dispersants.

28. Nutrient Envichment
Objective

To speed the rates of natural microbial degradation of oil by adding nutrients (generally
nitrogen and phosphorus).

Description

Nutrients are applied to the habitat in one of several methods: soluble inorganic
formulations, which are dissolved in water and applied as a spray, requiring frequent
applications; slow-release formulations, which are applied as a solid; and oleophilic
formulations, which adhere to the oil itself and are sprayed directly on the oiled areas.

Applicable Habitat Types
Could be used on any habitat type where safe access is allowed and nutrients are deficient.
When to Use

On moderately to heavily oiled substrates, after other techniques have been used to remove
as much oil as possible; on lightly oiled shorelines where other techniques are destructive or
not effective; and where nutrients limit natural degradation. Most effective on diesel-type
and medium oils that do not have large amounts of high molecular weight, slowly degrading
components. Less effective where oil residues are thick. Not considered for gasoline spills,
which will be completely removed by evaporation at faster timeframes than by microbial
degradation.

Biological Constraints

Not suitable in shallow water or restricted waterbodies where nutrient overloading may lead
to eutrophication, or where toxicity of nutrients, particularly ammonia, is of concern.
Contact toxicity of oleophilic formulations may restrict areas of direct application. Toxicity
tests should be evaluated carefully, as other chemicals in the product could be toxic to
aquatic organisms.

Environmental Effects
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Very little information is available on effects in freshwater.

29. Natural Microbe Seeding
Objective

To speed the rates of microbial degradation of oil by adding live microbes with enhanced
oil-degrading abilities.

Description

Formulations containing hydrocarbon-degrading microbes (usually with fertilizers) are
added to the oiled area. The argument is made that indigenous microorganisms will be killed
by the oil or will be slow to degrade the oil, so new microbial species need to be added to
speed the process of biodegradation. Little information is currently available to show
whether natural microbe seeding increases biodegradation more than nutrient enrichment
alone.

Applicable Habitat Types

Could be used on any habitat type where safe access is allowed and additional microbes
are needed.

When to Use

On moderate to heavily oiled substrates, after other techniques have been used to remove as
much oil as possible; on lightly oiled shorelines where other techniques are destructive or not
effective; and where existing microorganisms are not present or effective. Most effective on
diesel-type and medium oils that do not have large amounts of high molecular weight,
slowly degrading components. Less effective where oil residues are thick. Not considered for
gasoline spills, which will evaporate faster than they would degrade.

Biological Constraints

If product contains fertilizers, not suitable in shallow water or restricted bodies of water
where nutrient overloading may lead to eutrophication, or where toxicity of nutrients,
particularly ammonia, is of concern. Toxicity tests should be evaluated carefully, as other
chemicals in the product could be toxic to aquatic organisms.
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Environmental Effects

Very little information is available on effects in freshwater.
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5.0 SPECIAL CONSIDERATIONS

This section summarizes the following selected topics of special concern in freshwater
habitats:

< Public health concerns;

= Conditions under which oil might sink;

= Qil behavior in ice conditions;

= Oil behavior and cleanup in permafrost; and

= Firefighting foam.

5.1 PUBLIC HEALTH CONCERNS

The human-health concerns associated with oil spills entail risks to the public from exposure
to the oil and to responders during cleanup activities. In freshwater areas, the risks of
exposure of the public are of special concern, because of the potential for contamination of
public drinking water supplies and the proximity of populated areas to spill sites. Human-
health risks from spilled oil occur along three potential pathways: ingestion, dermal contact,
and inhalation. Ingestion pathways include drinking contaminated water and eating tainted
food (e.g., fish, birds, and mammals).

Water intakes in relatively shallow lakes and rivers may be highly susceptible to
contamination during oil spills. Response procedures may thus include temporarily closing
the intakes, protectively booming the intake area, bringing on-line additional treatment
equipment at the water-treatment plant, and/or monitoring water quality for the
contaminants of concern. The low-molecular weight, aromatic compounds (benzene,
ethylbenzene, toluene, and xylene) are usually of greatest concern, because of their much
higher water solubility, compared to the other compounds in oil. These four compounds
usually represent 70-95 percent of the water-soluble fraction (typically about 25-40 ppm) in
crude oils. Water-treatment plants that have granular activated carbon filtration systems
can remove low levels of oil contamination, especially the aromatic compounds, which can
cause taste and odor problems at very low concentrations.

The potential for direct contact of oil on skin is greatest during cleanup, and measures
should be taken to keep the public away from all spill response operations. Inhalation of
volatile compounds from spills of crude oil and light, refined products poses a risk to the
public in adjacent areas. However, these risks are greatest with long-term exposure.
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Fire risks are mostly associated with volatile, refined products such as gasoline. Response
operations at these spills must be conducted with caution. Often, the best response to spills
of volatile products is to allow the product to evaporate, while diverting the slicks away
from populated areas and sensitive habitats.

5.2 CONDITIONS UNDER WHICH OIL MIGHT SINK IN
FRESH WATER

Most oil spills result in floating oil slicks. There are very specific conditions that can cause
an oil spill to sink rather than float in freshwater settings.

1 The oil has a specific gravity greater than 1.00 at the ambient
temperature.

Specific gravity is the ratio of the density of a material to freshwater. Although nearly all
crude oils and most refined products have a specific gravity less than 1.00 and will
therefore float, some of the residual refined products (e.g., very heavy fuel oils, asphalt)
are so heavy that their specific gravity is greater than 1.00. Spills of these oils can sink
immediately and flow along with the bottom currents or as droplets in the water column.
However, very small changes in water density can refloat sinking oil. There have been
several spills in the freshwater sections of a river where the oil originally sank and
moved along the bottom. However, at the fresh/salt mixing zone, where the water
density increased with salinity, some of the oil rose to the surface. In other spills, oil has
been reported to sink with very cold temperatures at night, only to refloat after the
water absorbs heat from the sun.

2 The oil has a specific gravity just under 1.00 but forms a very stable
emulsion.

Water-in-oil emulsions can contain up to 80 percent water, which increases the specific
gravity accordingly. Also, during the emulsification process, some sediment can be
incorporated into the emulsion, either from the suspended sediments in the water mixed
into the oil, or those adhered to the floating slick. Only a very small amount of sediment
is needed to sink oil. Usually residual refined products (e.g., No. 6 fuel oil, Bunker C)
have a specific gravity of 0.99 or greater.
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3 The oil comes ashore, picks up sediment, and then is eroded from the
shore.

Medium and heavy oils can adsorb to sediment when they strand, making the mixture
heavier than water. However, the oil/sediment mixture must be eroded from the
shoreline, usually by waves, which tend to break up the oil slicks. The oiled sediment
can be deposited in the nearshore zone, but as small tarballs or widely scattered
contaminated sediment, rather than a layer of sunken oil. In some instances, the tarballs
can stick to each other, forming a tar mat just offshore.

4 The oil is a blend of light and heavy refined products, and the light
fraction is lost by evaporation.

Many intermediate fuel oils are actually mixtures of No. 2 and No. 6 oils. If the spill
conditions were such that the light oil component completely evaporated, and the heavy
oil was particularly heavy, the weathered oil might sink.

5.3 OIL BEHAVIOR IN ICE CONDITIONS

Several important differences in the behavior of spilled oil in ice conditions greatly reduce
the effectiveness of response methods. For spills in water colder than the oil’s pour point,
the oil will quickly become viscous or tar-like. Even lighter, refined products can lose the
ability to disperse and become non-coalescing, semi-solid, smooth, spherical particles that
are difficult to recover. Weathering and loss by evaporation are slowed by low temperature,
thickness of the slick, restriction of spreading, entrapment below the ice, and encapsulation
inice.

When spilled on ice, oil may pool in depressions and cavities, or be transported across the
ice by wind. In ice with a porous crystal structure, oil can penetrate the ice; diesel-like oils
can penetrate freely and deeply, while heavy oils remain more on the surface. Oil on the ice
surface can also be entrapped by growing ice. If a light cover of snow covers the oil on the
ice, the increased absorption of solar radiation by the oil under the snow can result in daily
melting and nightly re-freezing that can form an ice/oil/ice layer.

Oil spills trapped beneath the ice will collect in the rough underside areas of the ice sheet.
Entrapped oil will spread until it reaches an equilibrium thickness. The oil can become
encapsulated within the growing ice sheet, where it will remain until spring thaw or when
leads in the ice sheet form. During breakup, decaying ice increases in porosity and decreases
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in strength. Oil spilled under or sandwiched between this ice will rise through the ice and
collect on the ice surface.

For oil spilled under the ice, there are new infrared and imaging techniques available to
assist in location of thick oil pockets. Holes can be drilled in the ice at these collection
points, and the oil removed by vacuum. When the oil is encapsulated in the ice, there are
two options: remove the contaminated ice or delay recovering the oil until the spring thaw.
The largest logistical issue with contaminated ice is separating the oil from large quantities
of ice during the winter. In-situ burning and certain types of skimmers have been shown to
be effective for removing oil in broken ice.

5.4 PERMAFROST

In the polar regions of the world, where the average annual temperature is below 0°C, the
soil freezes permanently and is known as “permafrost.” Permafrost can range in thickness
from a few centimeters for recently frozen soil, to hundreds of meters thick for old
permafrost. In truly Arctic regions, all soils are in the form of permafrost; at its edges, the
permafrost may be discontinuous and depend upon the soil type. In the United States,
permafrost exists only in Alaska and at high altitudes in northern mountains. For oil spills,
the major areas of concern are the Alaskan North Slope and the Trans-Alaskan pipeline
route.

Ice is one of the most important components of permafrost. The continued existence of the
frozen soil depends strongly on the insulating properties of the surface soil. During the
summer months, the surface soil thaws, forming an active layer. The water in this layer
remains in place, since the frozen subsurface is not permeable. Disturbing this surface-active
layer (3-6 centimeters up to one meter in depth) can increase thawing of the subsurface and
will result in surface slumping. It can take years for this disturbance to be healed.

The active layer of the permafrost supports a wide variety of specialized Arctic fauna and
flora. Disturbing plants in this layer could affect this habitat for decades. While the data are
limited, there is evidence that tundra plants are very sensitive to oil effects. This vegetation,
particularly moss and lichen, forms the principal food sources for many of the animals in
permafrost regions.

The sensitivity and issues of oil spill response in permafrost areas are similar to those for
wetlands. It is best to allow the spill to recover naturally unless large areas have been
affected. Appropriate response methods for summer spills would include installing berms to
prevent continued spread of the oil, vacuuming pooled oil, applying sorbents to recover
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pooled oil in areas of limited access, and manually removing heavily oiled soils. Nutrient
addition may be considered following gross oil removal. During summer, foot traffic in the
permafrost should be highly controlled; structures such as board walkways should be used
when possible to minimize physical disturbance. Vehicle traffic should be prohibited. It may
be necessary to build a gravel road to the spill site to provide adequate insulation to prevent
thawing of the permafrost. In winter, vehicular transport over snow-covered permafrost can
be conducted without concern of physical disruption, and conventional land-based

response techniques can be used, including in-situ burning.

5.5 FIREFIGHTING FOAM

When responding to spills involving petroleum and refined fuels such as gasoline, firefighters
often apply foam to suppress vapors and reduce the potential of fire. If the spilled material
is already burning, foams are used to extinguish petroleum-liquid fires because they separate
the burning liquid from the air, effectively smothering the fire. There are five basic types of

foam commonly used:

1. Protein Foams consist of hydrolyzed proteins plus stabilizing additives and
inhibitors.

2. Fluoroprotein Foams (FP) are similar to protein foams but have a fluorinated
surfactant additive to improve the resistance to fuel entrainment. They exclude
air, and may form a thin film to suppress the evolution of fuel vapors.

3. Agqueous Film-Forming Foams (AFFF) are synthetic foams made from fluorocarbon
surfactants with additional stabilizers. AFFFs also exclude air and form thin
aqueous films to suppress the evolution of vapors.

4. Film-Forming Fluoroprotein Foams (FFFP) are combinations of protein and film-
forming surfactants and combine the characteristics of AFFF and FP foams.

5> Alcohol-Resistant Foams are specially formulated foams for application on
alcohols and water-miscible flammable liquids.

Each of these foams is created by mechanical action that fills the foam bubbles with air. A
fourth type of foam, Multipurpose Foam Compounds, is being developed since many gasolines
are required to contain alcohol or polar additives (such as methyl t-butyl ether) to decrease
automobile emissions. These additives are water-soluble and reduce the effectiveness of

conventional foams used on gasoline fires.
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There are two environmental concerns with using firefighting foams. First, although the acute
aquatic toxicity of these products is believed to be low, it has not been fully evaluated.
Toxicity should be evaluated in terms of the likely dose expected from normal application
rates and possible synergistic effects when combined with petroleum oils. Second, these
products may alter the physical properties of the treated oil. Since most firefighting foams
contain surfactants, the rate of dispersion of the oil may be increased if improperly applied
or mixed due to currents, storms, or boat traffic.
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APPENDIX B.
GRAIN-SIZE SCALE

Wentworth _Grain
Scale Phi Units* Diameter
(Size Description) 0 d (millimeters)
Boulder -8 256
Cobble 76.2
-6 64.0
19.0
Pebble 4.76
-2 4.0
Granule 1 20
Very Coarse
0 1.0
Coarse
1 0.5
Medium 0.42
Sand
2 0.25
Fine
3 0.125
Very Fine 0.074
4 0.0625
Silt
8 0.00391
Clay
12 0.00024
Colloid

*o =-log2 d (mm)

(From U.S. Army Coastal Engineering Center, Shore Protection Manual 1973)
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Healthy Waters Coalition

Protecting the waters of Sebago Lake
Region, Maine

The Healthy Waters Coalition is a collaborative work group created in fall 2012 to inform and
educate the citizens of the Lakes Region, Maine on issues concerning the Sebago Lake
watershed. The Coalition defines “watershed” as including the tributaries, waterways, wetlands,
lakes, rivers, creeks and ponds within the Sebago Lake Region of southern Maine.

The coalition aims to 1) inform and educate citizens, 2) recommend pro-active measures to local
governments and others, and 3) to take action when called upon to protect our waters, our
communities and our way of life. Volunteers, concerned citizens & representatives from local
organizations and local government are welcome.

Membership. As of 2013, the Coalition includes representatives from eight different Lakes
Region towns: Raymond, Casco, Otisfield, Sebago, Naples, Standish, Windham and Waterford.
Members are volunteers and representatives from local government, town boards and
committees, local watershed groups, including Sebago Lake Anglers’ Association, Panther Pond
Association, Parker Pond Association, as well as other interests, such as Saint Joseph’s College,
several local businesses and individual citizens. While the coalition was founded in Raymond, it
quickly expanded to include members from other towns and throughout the Lakes Region.

One current issue of concern is the possible transportation of heavy oil sands, or diluted bitumen,
through the Portland-Montreal Pipe Line, which passes through the Lakes Region near Sebago
Lake. The Healthy Waters Coalition is concerned about oil spill prevention and mitigation,
protecting the watershed and the community...since the region itself is a “water community.”

The coalition held an information forum at the Raymond Village Library in its early stage of
forming in fall 2012 and plans to coordinate a future public information forum in spring 2013. It
maintains a “pro-info” stance on these issues. The HWC holds monthly meetings.

Contacts:

Leah Stetson William Fraser*

Co-coordinator Co-coordinator

207-892-3399 (office) 207-692-0376

207-460-6325 (cell) fjwj1895@earthlink.net

leah@aswm.org

lc.stetson@gmail.com * Also member on Raymond Conservation

Commission





