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- American Petroleum Institute
Environmental, Health, and Safety Mission

and Guiding Principles

MISSION The members of the American Petroleum Institute are dedicated to continuous efforts
to improve the compatibility of -our operations with the environment while
economically developing energy resources and supplying high qualiry products and
services to consumers. We recognize our responsibility to work with the public, the
government, and others to develop and to use natural resources in an
environmentally sound manner while protecting the health and safety of our
employees and the public. To meet these responsibilities, APl members pledge 10
manage our businesses according to the following principles using sound science 1o
prioritize risks and to implement cost-effective management practices:

To recognize and to respond to community concerns about our raw materials,
products and operations.

PRINCIPLES

e To operate our plants and facilities, and to handle our raw materials and products
in a manner that protects the environment. and the safety and health of our
employees and the public.

’

e To make safety, health and environmental considerations a priority in our
planning, and our development of new products and processes.

e To advise promptly, appropriate officials, employees, customers and the public of
information on significant industry-related safety, health and environmental
hazards, and to recommend protective measures.

e To counsel customers, transporters and others in the safe use. transportation and
disposal of out raw materials, products and waste matenals.

e To economically develop and produce natural resources and to conserve those
resources by using energy efficiently.

e To extend knowledge by conducting or supporting research on the safety, health
and environmental effects of our raw materials, products, processes and waste
materials.

e To commit to reduce overall emission and waste generation.

e To work with others to resolve problems created by handling and disposal of
hazardous substances from our operations. ’

‘

e To participate with government and others in creating responsible laws,
regulations and standards to safeguard the community, workplace and
environment.

e To promote these principles and practices by sharing experiences and offering
, assistance to others who produce, handle, use, transport or dispose of similar raw

materials, petroleum products and wastes. D ocuments
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FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE,
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANUFAC-
TURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP THEIR
EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS UNDER
LOCAL, STATE, OR FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU-
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV-
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL-
ITY FOR INFRINGEMENT OF LETTERS PATENT.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or transmiited by any
means, electronic, mechanical, photocopying, recording, or atherwise, without prior written permission from the
publisher. Contact the publisher, API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 1999 American Petroleum Institute

fii
Documents

Document Sharing Hub

Copyright American Petroleum Institute Previous page i1s blank.
Provided by IHS under license with API

No reproduction or networking permitted without license from IHS Not for Resale

Full document detailsi API Publ 4691-]899 scan


http://www.avadocuments.com/doc/api-publ-4691-1999-scan
http://www.avadocuments.com/doc/api-publ-4691-1999-scan

STD.API/PETRO PUBL 4bBY9L-ENGL 1999 WM 0732290 0k27342 851 W

ACKNOWLEDGMENTS

THE FOLLOWING PEOPLE ARE RECOGNIZED FOR THEIR CONTRIBUTIONS OF
TIME AND EXPERTISE DURING THIS STUDY AND IN THE PREPARATION OF
THIS REPORT:

API STAFF CONTACT
Alexis Steen, Health and Environmental Sciences Department

MEMBERS OF THE OIL SPILL SCIENCE AND TECHNOLOGY WORK GROUP
David Fritz, Chairperson, Amoco

Dan Allen, Chevron North America E&P Company
Frank Benkalowycz, BP America, Inc.
Ken Bitting, USCG R&D Center
Ron Britton, U.S. Fish & Wildlife Service
Michael Carter, Maritime Administration
Bill Dahl, Exxon Research & Engineering Company
Donald Erickson, Bay West Inc.
Ronald H. Goodman, Imperial Oil Ltd.
Maged Hamed, Exxon Production Research Company
Brad L. Hahn, State of Alaska Department of Environmental Conservation
Bela James, Equilon Enterprise LLC
Robin Jamail, Texas General Land Office
John Kimball, TriData, Inc.
Jerry Langley, Williams Pipe Line Company
Stephen Lehman, National Oceanographic and Atmospheric Administration
Richard Lessard, Exxon Research & Engineering Company
Dan Leubecker, Maritime Administration
Edwin Levine, National Oceanographic and Atmospheric Administration
Joseph Mullin, Minerals Management Service
William Nichols, Environmental Protection Agency
Douglas O’Donovan, Marine Spill Response Corporation

W. Michael Pittman, U.S. Coast Guard
Jim Sanders, CITGO Pipeline Company

Dana Slade, Lakehead Pipe Line Company

Jean Snider, National Oceanographic and Atmospheric Administration
Robert Urban, PCCI
Ian Walker, BP Oil Company

v

Documents

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: API Publ 4691-1999 scan

Previgpipenty EIl}ﬁn(r_mg Hub


http://www.avadocuments.com/doc/api-publ-4691-1999-scan
http://www.avadocuments.com/doc/api-publ-4691-1999-scan

STD.API/PETRO PUBL 4L91L-ENGL 1999 mR 0732290 0b27343 794 W

ACKNOWLEDGMENTS continued

The Authors gratefully acknowledge the American Petroleum Institute (API) for providing
the funding for the development of this three booklet series. Don Aurand of Ecosystem
Management and Associates, Inc., Alexis Steen of API and David Stalfort of the USCG
provided oversight and assistance throughout the course of this project.

We also thank the following individuals for reviewing and commenting on this booklet. The
editors made every effort to respond to all comments received:

Dr. Don Mackay, D. Mackay Environmental Research Ltd.
CAPT R. Bennis, USCG
Greg Sorlie, State of Washington Department of Ecology
Sandra Blenkinsopp, Environment Canada, Emergencies Science Division
Charlie Henry, SSC NOAA HAZMAT
Rebecca Hoff, Biological Assessment Team, NOAA HAZMAT
Dr. Jacqueline Michel, Research Planning, Inc.

Mr. John Boyd of SEA providéd many of the graphics in this booklet. Carol Furtwangler
of SEA provided copy editing on the document.

Documents

Document Sharing Hub

Copyright American Petroleum Institute
Provided by IHS under license with API
No reproduction or networking permitted without license from IHS Not for Resale

Full document details: APl Publ 4691-1999 scan o .


http://www.avadocuments.com/doc/api-publ-4691-1999-scan
http://www.avadocuments.com/doc/api-publ-4691-1999-scan

STD.API/PETRO PUBL 4b91L-ENGL 1999 MR 0732290 0bL27344 L2y mm

BACKGROUND ON THIS BOOKLET SERIES

Beginning in 1994, the Marine Spill Response Corporation (MSRC), and later the Marine
Preservation Association (MPA), sponsored a study to examine the reasons for the apparent
differences between the science of dispersant use and perceptions of ecological effects. Using a
prescribed risk communication methodology, this study compared the mental models (an
individual’s thought processes in making a decision regarding a particular issue) of US
dispersant decision-makers and other stakeholders to an expert model (expert consensus of the
relevant decision concepts that might be used), specifically looking at spilled oil in comparison
to chemically-dispersed oil. Through a series of interviews and written questionnaires, a
number of dispersant misperceptions were identified. These misperceptions were translated
into topics for booklets that would provide dispersant information in a concise and reader-
friendly format. For more information on the MSRC/MPA study, please see Bostrom et al.,
1995, Bostrom et al., 1997, and Pond et al., 1997a.

As a result of the MSRC/MPA work, in 1996, the American Petroleum Institute (API)
commissioned the preparation of three of the dispersant booklets:

e Fate of Spilled Oil in Marine Waters: Where Does It Go? What Does It Do? and How Do
Dispersants Affect It?

e A Decision-maker’s Guide to Dispersants: A Review of the Theory and Operational
Requirements.

¢ Defining the Links Between Fate and Transport Processes with Exposure and Effects of Oil
and Chemically Dispersed Oil in the Environment.

This booklet is the first in the series.
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OVERVIEW

e The American Petroleum Institute commissioned the preparation of three booklets to help
bridge the gap in the understanding of dispersant use, effectiveness, and effects.

o This first booklet focuses on oil chemistry and oil weathering, two concepts that spill
response decision-makers need to interpret dispersant information more effectively. This
booklet then presents information on how dispersants alter or affect the weathering process

e Oils are typically described in terms of physical properties, used to determine, in part, how
an oil spilled on water will react under various ambient conditions:

=> Specific gravity — ratio of the mass of a given material to the mass of fresh water
For most crude oils and refined products, specific gravity is usually between 0.78
and 1.0.

= API gravity — scale for measuring fluid specific gravities based on an inverse
relationship with specific gravity. For instance, an oil with a low specific gravity
(0 73) will have a high API gravity (62). This scale was developed so that larger
values are used.

U

Pour point — the temperature below which oil will not flow.

Viscosity — an oil’s internal resistance to flow. A highly viscous oil will not flow
easily.

U

= Asphaltene_and wax content — non-hydrocarbon portions of the oil which are
defined in terms of solubility. An oil with a high asphaltene and wax content is
generally heavier.

= Trace constituent content — these include nickel, vanadium, iron, aluminum, sodium,

calcium, and copper. Oils with large concentrations of these trace constituents tend
to emulsify easily.

e Oil is a complex mixture of thousands of different compounds, composed primarily of
carbon, hydrogen, sulfur, nitrogen, and oxygen. Hydrocarbons (composed solely from
carbon and hydrogen atoms) are the most abundant compounds found in crude oils

o After oil is discharged into the environment, a wide variety of physical, chemical, and
biological processes begins to transform the discharged oil = Collectively called
“weathering,” the rate and significance of these processes are dependent on the type of oil
spilled, spill location, and weather conditions at the time of the spill.

e Ten weathering processes are discussed:

= Spreading and advection — spreading is the movement of the entire slick horizontally
on the surface of the water due to effects of gravity, friction, viscosity, and surface
tension. Advection is the movement of the oil due to the influence of overlying
winds and/or underlying currents. Neither is uniform, and large variations in oil
thickness occur within the slick. Spreading dominates the initial stages of a spill and
involves the whole oil, that is, it does not partition the various components of the oil
or affect its chemical composition. Spreading and advection continue for
approximately one week to ten days following the discharge, or until the oil is
contained by shorelines, collection efforts, or other obstructions.
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=> Evaporation — the preferential transfer of light- and medium-weight components of
the oil from the liquid phase to the vapor phase. It is the primary weathering
process involved in the natural removal of oil from the sea surface. During the first
24 to 48 hours of the spill, it is the single most important weathering process, from
the standpoint of volume reduction. Evaporation starts immediately following the
spill and continues for approximately two weeks.

=> Dissolution — the transfer of oil components from a slick on the surface into solution
in the water column. It is a relatively insignificant weathering process in terms of
reducing the volume of the spills and typically occurs within the first 24 hours of a
spill.

=> Natural dispersion — the process of forming small oil droplets that become
incorporated into the water column in the form of a dilute oil-in-water suspension.
Dispersion reduces the volume of the slick at the surface but does not change the
physiochemical properties of the oil. Following evaporation, it is the most
important process in the breakup and disappearance of a slick. It begins soon after
the spill occurs and reaches a maximum rate in approximately 10 hours following a
spill.

= Emulsification — the mixing of water droplets into oil spilled on the water’s surface.
Water-in-oil emulsions are highly viscous and have densities approaching seawater.
Once the oil has emulsified, the weathering of oil can be significantly reduced.
Emulsification begins during the first day of the spill and can continue to occur
throughout the first year. The largest volume of emulsions is typically formed
within the first week of the spill.

=> Photo-oxidation — sunlight, in the presence of oxygen, transforms hydrocarbons
through photo-oxygenation into new by-products. It occurs at the very surface of
the oil and directly on components which have physically separated from the whole
oil. It plays a fairly minor role in the overall weathering of the oil, and can last for
several weeks to a month following a spill.

= Sedimentation and shoreline stranding — sedimentation is the incorporation of oil
within both suspended and bottom sediments. Sedimentation is a very important
process in shallow, rough sea conditions where bottom sediments are repeatedly
resuspended. It begins soon after the spill occurs and peaks several weeks into the
spill. Shoreline stranding is the visible accumulation of oil on shorelines following a
spill. It is affected by the proximity of the spill to the shore, intensity of current and
wave action on the affected shoreline, and the persistence of the spilled product.

= Biodegradation — process where naturally occurring bacteria and fungi consume
hydrocarbons to use as a food source. Carbon dioxide and water are excreted as
waste products. It is a significant but slow process. It begins several days
following a spill and will continue as long as hydrocarbons persist.

These weathering processes occur simultaneously with each other, as they overlap through
the course of a spill. The processes interact and affect each other and in turn affect the
properties of the spilled oil.

Dispersants are chemicals composed of surface-active agents (surfactants), solvents, and
stabilizing agents. The surfactants in the dispersants reduce the interfacial tension at the
water:oil interface and promote the break-up of the slick into fine droplets, facilitating the
dispersion of the oil into the water column. They also act to prevent the recoalescence of
suspended, chemically dispersed oil droplets.
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® Dispersants affect natural weathering processes in the following ways (please note these are
generalities):

= Spreading is enhanced.

= Evaporation will _primarily occur as a secondary weathering process following
dispersant application.

=> Natural dissolution will probably be increased.
=> Natural dispersion will probably be enhanced.

= Emulsification will decrease.

=> Photo-oxidation will probably be slowed.

=> Sedimentation and shoreline stranding is reduced.

=> Biodegradation is enhanced.
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SecTioN 1: INTRODUCTION

Consider this scenario...an oil tanker has had an offshore accident and is Purpose of Section |
releasing its cargo. It is your job to recommend response options to * Infroduce the subject.

.. . * Discuss the purpose and or-
protect the sensitive nearshore environment. One of the response op- ganization of the bookiet.
tions you are considering is chemical dispersants. Although you have
worked on oil spills in the past, dealing with these spills is only one
facet of your job which has wide-ranging responsibilities. You want to
have a good understanding of what happens to the oil when it is spilled
and how dispersants can change that, but you may not be a biologist or
chemist by training, and much of the information you have available is
very technical.

This scenario is all too common. As a decision-maker involved in oil
spill response, you have received extensive on-the-job training, but you
don’t live and breathe oil spills and don’t use your oil spill training ev-
ery day. Consequently, much of the literature and information available
to assist you during planning and actual response operations is too tech-
nical, too long, and does not help resolve your questions and concerns.
You need short summary reports which accurately but concisely
provide the answers you need to help make a decision regarding the use
of dispersants during an oil spill. This booklet, the first in a series of
three, helps fill that need.

PURPOSE OF BOOKLET

This booklet was developed for oil spill response decision-makers. It
summarizes what happens to oil that spills on marine waters. To make
informed decisions on using dispersants, or any countermeasure, it is
important first to have a clear understanding of the overall fate of the oil
entering the environment: What will the oil do once it is spilled? Where
will it go? Once the fate of the oil alone is understood, we can then
examine how the addition of dispersants will affect that fate.

All of these answers are found in this booklet, in an easy-to-read format
supplemented with diagrams and figures. Each fate process involved is
reviewed independently, including a discussion of how significant the
process is, when it occurs following a release, and what properties or
ambient conditions influence it. The booklet then presents information
on how dispersants affect or alter the various fate processes.

This booklet is also designed to identify and explain unfamiliar terms
associated with oil that may be used by technical experts during plan-
ning or response operations. The first time a new technical term is used
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Purpose of Section Il

o To review information on oil

properties, composition
and classification systems.

Specific gravity is defned
as the ratio of the mass of a
given material (e.g., oil) fo the
mass of freshwater, for the
same volume and at the same
temperature. Clark and Brown
(1979) determined that the
majority of crude oils and re-
fined products have specific
gravity values (5G) between
0.78 and 1.00. Asthese values
are less than the SG for fresh
water (1.0 at 4°C), they will
float on the water surface.

Weathering is the combina-
tion of physical and chemical
changes in oil composition. If
maly result in the removal of oil
from the water's surface fo the
atmosphere, water column,
sediments, and shorelines.

within this booklet, it will appear in an ALL CAPS format; this signifies
that a more detailed explanation or definition is present in the right or
left narrow margin at or near where the word(s) is first used within the
main text.

SectioN ll: OiL CHeMISTRY REVIEW

An oil's physical properties and chemical composition are important fac-
tors that influence fate processes.

PHysicAL ProperTIES OF OlL

Oils are typically described in terms of their physical properties [e.g.,
SPECIFIC GRAVITY and API GRAVITY, POUR POINT, VISCOS-
ITY, ASPHALTENE and WAX CONTENT, and the presence of TRACE
CONSTITUENTS (Payne, 1994)]. These parameters (combined with
various environmental information, e.g., wave height, wind speed, cur-
rents, etc.) are used to determine how oil spilled on water will react
under ambient conditions.

Density

The density of oil relative to fresh water is typically expressed in terms
of specific gravity or API gravity. Density can help the decision-maker
determine if an oil is likely to sink or float in the water column follow-
ing a discharge.

Specific Gravity

Most oils and refined products have a specific gravity of less than 1.0;
oils with a specific gravity greater than 1.0 tend to sink or be neutrally
buoyant (neither sink nor float on top, but stay as a unit within the water
column). When these products are released onto the water, they typi-
cally float unless they gather sediment, undergo additional WEATHER-
ING, or are consumed by various marine animals. The specific gravity
of most crude oils and refined products lies between 0.78 and 1.00 (Table
1) (Overstreet and Galt, 1995). As an oil or refined product weathers
(components are lost to the environment), the specific gravity of that oil
will increase. With an oil that has a specific gravity near 1.00 (in fresh-
water) or 1.03 (in saltwater), weathering may result in the oil having a
specific gravity value greater than or equal to the surrounding water.
The weathered oil may sink or it may become neutrally buoyant (Scholz
et al., 1994).
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Speciic AP| Pour Bolling Point
Product Gravity Gravity  Point(°F)  Range (°F)
Gasolne 0.74100.73 591062 NA 10410302
JetFuel (JP-4) 075t00.80  443to56.7 NA 20310518
Kerosene 0.80100.88 431029 0 39210572
Fuel OllNo. 2 (Diesel) 088 2 D 93t0365
Lube Ol (crankeass) 087 . 35 710t0822
Kuwait Light Crude Of 083 378 -50 NA
FuelOlNo.6(Bunken) 09610097 1010175 0 61510826
NorthSiope Crude Ol 089 175t035 - NA
San Ardo (CA) Crude O 099 510175 0 NA
Residudl Asphaliene - <10 - >752

Viscosity Relafive
CcSt@68°F Persistence

~0.5 1
094 ~2
201035 NA
2251050 8
791086 ~55
138 ~30
>500 400
584 ~450
4754 ~590

- 1600

Table 1. A comparison of oil properties for a variety of crude oil and refined oil products. All

numbered persistence data are based on the relative persistence of the product in the envi-
ronment, divided by the least persistent oil product (gasoline). Adapted from Curl and
O'Donnel (1977), Gilfillan (1993), API (1990), and Markarian et al., (1993).

APl Gravity

This scale (ranging from essentially 0 to more than 60; Table 1) can
provide insight as to the type of oil spilled and how it will generally
react in the environment. In general, the larger the API gravity value,
the greater amount of light-weight components an oil or refined product
has (Figure 1). With decreasing API gravity values (less than 17.5),
which means increasing the amount of medium and heavy-weight com-
ponents, the oil or refined product is likely to remain in the system. As
an oil or refined product weathers (components are lost to the environ-
ment), the API gravity of that oil will decrease. With an oil that has an
API gravity at or near 10, additional weathering may result in the oil
having an API gravity value less than or equal to the surrounding water.
The weathered oil may sink, or it may become neutrally buoyant (nei-
ther sink nor float on top, but stay as a unit within the water column)
(Scholz et al., 1994).

Pour POINT

If the temperature of the water is as cold or colder than the oil’s pour
point, the oil will stiffen up and no longer flow. In cold climates and
cold waters, many of the heavy refined products which have high tem-
perature pour points must be heated during transport and pumping. When
these types of oils are spilled into the water, they will not flow readily or

APl gravily is a scale for
measuring fluid specific gravi-
ties based on an inverse rela-
tionship with specific gravity.
This scale was primarily devel-
oped to expand the scale for
specific gravity so that larger
values are used. An oil with a
low specific gravity (e.g..
gasoline; G = 0.73) will have
a high API gravity (°API = 62);
inversely, an oil with a high
specific gravity (e.g., very
heavy crudes; SG = 0.98) will
have a low API gravity value
(°API = 13).

APl gravity = (141.6 / SG ™) -
131.6

*at 60 °F
Pour point is the tempera-

ture below which oil will not
flow.
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Viscosity is an oil's internal
resistance to flow. A highly vis-
cous oil will not flow easily. This
physical property of the oil or
refined product is important
to understand as it helps de-
termine the oil's behavior dur-

ing a spil,

Centistoke (¢St is a unit of
measurement used in defining
the KINEMATIC VISCOSITY of a
fluid. ¢St = 1/100 St.

Kinematic viscosity is a
unit of measurement used to
define an alfernative viscosity
measurement. This alfernative
viscosity measurement is sim-
ply the fiuid’s dynamic viscos-
ity divided by its density. Mea-
sured in St or stoke.

4 N
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Figure 1.  Distribution of various refined petroleum products as developed from a "generic" crude oil.

No concentration data are provided because the exact composition of the oil product will
vary due to the source and refinery. Adapted from Markarian et al., (1993).

spread. In these instances, the oil can move “like semi-submerged strands
of thick rope or ‘icebergs’; the majority of the bulk oil resid[ing] just
below the water surface” (Lewis and Aurand, 1997). For refined oil
products, pour point values can vary between -60 °C for jet fuels to
+46°C for waxy No. 6 fuel oils (Overstreet and Galt, 1995).

Viscosiy

Viscosity is measured in CENTISTOKEs (cSt). An oil’s viscosity influ-
ences or controls the success of cleanup operations, since very viscous
oils are difficult to recover with conventional technologies (e.g., disc
skimmers) (Overstreet and Galt, 1995). As oil spilled on the water un-
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