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ABSTRACT

This project was composed of the following tasks:
A teleconference with potential users of the SINTEF Oil Weathering Model (OWM)within

MMS;

Delivery and training in the use of the SINTEF OWM;

Weathering studies of selected crude oils for inclusion in the OWM library;
Development and delivery of Version 3.0 of the OWM,;

Preparation of test data sets for calibration and validation of oil weathering models;
Preparation of this final report, a publication, and summary slides describing the project.

This final report summarizes the results of these tasks. Written deliverables, with the exception of
the publication, which is in preparation, and the model software, are included in appendices on an

accompanying CD-ROM.
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1 Introduction

The purpose of this study has been to provide and augment information needed to support
development of environmental risk assessments, Environmental Impact Statements, review of
contingency plans, and oil-spill response for offshore gas and oil leasing.

The MMS OCS Oil-Weathering Model (OWM) is a heavily used tool in the environmental
assessment process for MMS. In the Alaska OCS Region, numerous estimates of oil-spill fate and
behavior are derived from the OWM. The model provides analysts with a common, quantitative set
of spill scenarios. The OWM is used to estimate whether State and Federal water quality standards
and criteria would be exceeded by a spill, over what area, and for how long. The model calculates the
area covered by a slick through time and the persistence of a slick. The model calculates how long
the lighter, but most toxic components remain in the oil slick. The model is used to distinguish the
effects of larger and smaller spills, for example between the effects of an average tanker spill versus
an average pipeline spill. The in situ viscosity and degree of emulsification provided by the model
are used in assessing the mitigation by and effectiveness of oil spill countermeasures such as
mechanical recovery, dispersants, and in situ burning.

In the Gulf of Mexico Region, the OWM is more frequently used in environmental assessments to
evaluate oil-spill contingency plans and the reliability of associated oil-spill models. The OWM is
critical to the latter evaluation because, unlike most oil-spill models, the OWM incorporates specific
chemistry of individual crude oils and petroleum products.

SINTEF Applied Chemistry completed the Phase I review “Revision of MMS Offshore Continental
Shelf Oil-Weathering Model: Evaluation,” OCS Study MMS 98-0031 for MMS.

The primary objectives of Phases II and III of this study have been:
1) to adapt the SINTEF Oil Weathering Model (OWM) to MMS needs,
2) to expand the OWM oil library to include oils of interest to MMS, and
3) to develop and collate data sets identified in Phase I from experimental oil spills for validation
testing of algorithms and weathering models.

2 Teleconference
The teleconference to kick off the project took place in October, 1999. Participants were:

MMS Alaska: Dick Prentki, Caryn Smith

MMS Gulf of Mexico: Gail Rainey, George Guillen, and Darice Breeding
MMS Herndon: Betty Estey

SINTEF: Mark Reed, Per Daling, Janne Resby

The meeting started with a brief overview of the project, and a discussion of the trade-offs between
performing more detailed weathering analyses for fewer oils or less detailed analyses for a layer
variety of oils.

There were 4,731 producing oil wells in the GOMR as of Dec 1998 from multiple reservoirs, and
over 26,000 miles of offshore pipeline, carrying oil mixed from production at approximately 4,000



SINTEF .

platforms. The question of how to select one or two oils to study was raised. SINTEF suggested that
one could either choose oils that are typical of a large number of others, or select those which are or
will be shipped in largest quantities. In general, MMS does not have crude assay data on oils, so that
comparison of oil types is difficult. It was decided to carry out limited weathering studies (no meso-
scale runs) for 2 GOM oils. The GOMR may work with industry in developing a final determination.

It was asked whether SINTEF can use weathering data developed by others (e.g. Environment
Canada) in the OWM. The answer was a reserved yes, given knowledge about what methods are
used, how the results from those methods compare with those from SINTEF’s, and given the possible
necessity of additional information to fill any gaps. For example, the methodology for emulsification
testing is very sensitive to energy input, and the kinetics of this process are key in determining both
spill lifetime and the window of opportunity for dispersant application.

Minimum inputs to the SINTEF OWM are True Boiling Point curve, density, viscosity at some
reference temperature, and pour point of the fresh crude. Beyond that, the actual weathering data
becomes important for reliable predictions.

The Alaskan oils are much more limited in number. Priority oils are Liberty and North Star, but they
were not available at the start of the project in the quantity needed (20 liters for bench scale, 10 liters
for dispersant testing, 20 liters for meso-scale testing). One Cook Inlet oil was also to be selected.

After some discussion, it was agreed that 10°C would be a reasonable test temperature for the North
Slope oils. The representative temperature for the Gulf of Mexico oils was eventually set at 25 C.

Each of the project tasks was then discussed in some detail, resulting in a set of action items at the
conclusion of the teleconference.

3 Delivery and Training in the Use of the SINTEF Oil Weathering Model

The SINTEF Oil Weathering Model Version 1.6 was delivered to MMS at project start in 1999, and
served as the basis for the training course in February 2000. The OWM Version 1.8 was delivered in
April 2000, followed by Version 2.0 in April 2001.

The training workshop took place on February 8-9, 2000, at MMS facilities in Denver, Colorado. A
number of desired changes and improvements were noted during the workshop, and subsequently
incorporated into Versions 1.8 and 2.0 of the OWM.
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4 Weathering Studies

4.1 Introduction

In Environmental Impact Assessment (EIA) studies and when planning the most effective response, it
is important to have reliable predictions of how specific oil properties will change during an oil spill
event. The efficiency of various oil spill combat methods (e. g. mechanical, dispersion and/or
buming) depends greatly on the physical-chemical properties of the oil at the time of action.

The weathering behaviours of Alaskan and Gulf of Mexico crude oils were investigated at SINTEF.
The results of the weathering studies were incorporated into the SINTEF OWM weathering library,
and supplied to MMS with the OWM and Oil Database Editor.

4.2 Oils investigated
The following six crude oils were received and investigated in the laboratory at SINTEF :

Alpine Composite
Endicott

Milne Point Unit

North Star

High Island Composite
Neptune Field Composite

The Neptune Field and High Island oils are Gulf of Mexico oils, the rest are Alaskan oils. Gulf of
Mexico oils were tested at 23°C and Alaskan oils at 10°C.

Endicott, Alpine Composite, Neptune Field Composite and North Star were analysed following the
SINTEF standardised weathering methodology. Due to too high water contents, Milne Point Unit and
High Island Composite were not analysed using standard procedures. Meso-scale flume test were
performed of the High Island Composite in order to establish a dataset for the OWM. The water
content of Milne Point Unit was too high for performance of weathering analysis.

4.3 Brief summary of the oils weathering properties

A brief summary of the oil and weathering properties of the crude oils is given below. For further
details about oil properties see Table 4-1 and for discussion of weathering behaviour related to oil
spill response see Leirvik et al., 2002.

Alaskan crude oils :

Alpine Composite is a paraffinic crude oil, with a density of 0,834 g/mL. The Alpine Composite
contains a relatively large amount of lower molecular weight compounds and approximately 25% of
its original volume will be evaporated 24 hours after the spill at both summer and winter
temperatures. Alpine Composite will form w/o-emulsions with a maximum water content of 80 % at
both winter and summer temperatures, yielding approximately five times the original spill volume.
The w/o-emulsion formed after one day of weathering at sea is stable.
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Endicott is an asphaltenic crude oil, with a density of 0,913 g/ml with a relatively low evaporative
fraction. Endicott will form w/o-emulsions with a maximum water content of approximately 60 % at
winter temperatures and 65 % at summer temperatures, more than doubling the original spill volume.
The w/o-emulsions formed are very stable.

Milne Point Unit oil is a heavy naphthenic, biodegraded crude oil with an approximate density of
0.95 g/ml. The oil seems to be highly biodegraded (i.e. no paraffinic components are present in the
Gas Chromatogram). The emulsion is extremely stable and can only be dehydrated at high
temperatures and with the addition of a high dosage of demulsifier (approximately 10%).

North Star oil is a light paraffinic crude oil, with a density of 0.816 g/mL. The North Star oil
contains a relatively large amount of lower molecular weight compounds and approximately 30 % of
its original volume will evaporate 24 hours after the spill at both summer and winter temperatures.
North Star also forms stable emulsions.

Gulf of Mexico crude oils :

High Island is a naphthenic, biodegraded crude oil, with a density of approximately 0.85 g/mL. The
High Island oil contains a medium amount of lower molecular weight compounds; over 20 % of its
original volume will evaporate 24 hours after the spill at both summer and winter temperatures.
Results from the meso scale flume study show that High Island oil forms unstable emulsions with low
viscosity. Maximum water content is high at 70%, but observations from the meso scale flume show
that emulsions dehydrate almost completely within an hour when left at rest (e.g. in a recovery
storage tank).

Neptune Field Composite is a paraffinic crude oil, with a density of 0,869 g/mL. The Neptune Field
Composite contains a relatively large amount of lower molecular weight compounds and over 30 %
of its original volume will be evaporated 24 hours after the spill at both summer and winter
temperatures. The experimental results showed that the Neptune Field Composite did not form stable
w/o-emulsions. One normally would expect that a crude oil with a wax and asphalthene content
similar to the Neptune Field Composite will form stable w/o-emulsions. SINTEF suspects that
production/process chemicals are present in the oil sample thereby reducing the w/o-emulsion

process. This suspicion is supported by the un-normal low interfacial tension value measured for the
fresh crude (6 mN/m).

A comparison of the evaporation and emulsion viscosity of the Alaska and Gulf of Mexico oils is
shown in Figure 4-1, Figure 4-2 and Figure 4-3, Figure 4-4 respectively. The evaporation of the
Alaska oils is very different, from approximately 20 to 50% after 5 days at 10°C and 10 m/s wind.
The emulsion viscosities of these oils vary from approximately 8000 to 40000 cP under the same
conditions. The two Gulf of Mexico oils has evaporation and emulsion viscosity in the same range at
20°C and 10 m/s wind, however, the development is some different.
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Table 4-1: A summary of the physical and chemical variables for Endicott, the Alpine Composite and the Neptune Field Composite, The High Island
Composite and the North Star. The viscosities for Endicott, the Alpine Composite, the North Star, the Neptune Field Composite and the High Island
Composite and the were measured at 10°C, 10°C, 10°C, 23°C and 23°C respectively.

Oil type E"“"‘]’(f/ated R;;‘g“e . at15,5°C point content “hard”

o i [vol?] W%l 10 gm0 TP o W%l [Wt%)]

Fresh 0 100 0,913 6 510 <20 24 5,5 1,6

Endicott 150°C+ 6 95 0,923 9 840 56 24 5,7 1,7

2 200°C+ 12 89 0,931 15 1630 85 25 6,1 1,8
S 250°C+ 19 84 0,940 18 5150 121 25 6,5 1,9
a Fresh 0 100 0,834 -18 103 <20 18 3.2 0,06
T Alpine 150°C+ 22 81 0,867 -3 118 38 20 3,9 0,07
Z Composite 200°C+ 34 69 0,885 9 839 82 27 4,6 0,09
8 250°C+ 44 60 0,898 18 1160 123 16 53 0,1

8 Fresh 0 100 0.816 -39 10 <20 20 5.8 0,016

< 150°C+ 24.7 78.5 0.850 -9 45 37 21 73 0,021

North Star

200°C+ 385 65.3 0.866 3 380 77 23 8,8 0,025

250°C+ 50.2 53.8 0.881 18 2272 119 24 10,7 0,030

Fresh 0 100 0,869 9 10 <20 6 3,7 0,3

g Neptune Field 150°C+ 11 90 0,887 0 50 46 6 4,1 0,4
E Composite 200°C+ 22 81 0,900 3 110 93 7 4,6 0,4
s 250°C+ 30 73 0911 9 300 128 8 5,0 04
s Fresh 0 100 0,847 -15 23 - 14 1,6 0,03
= High Island 150°C+ - - - - - - - - -
© Composite 200°C+ - - - - - - - - -
250°C+ 33 70 0,879 0 83 - 16 23 0,04
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Alaskan North Slope oils

Property: Evaporation
Wind Speed (m/s): 10
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Pred. Dato: August 19, 2004
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Figure 4-1  : Evaporation of the Alaska oils.
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Figure 4-2

: Viscosity of emulsion of the Alaska oils.
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Gulf of Mexico oils

Property: Evaporation
Wind Speed (m/s): 10
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Figure 4-3  :Evaporation of the Gulf of Mexico oils.
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Figure 4-4

: Emulsion viscosity of the Gulf of Mexico oils.
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5 Oil Weathering Model Version 3.0

Version 3.0 of the OWM was delivered at the end of June, 2004. In addition to numerous
improvements in the user interface, this version includes the following improvements over 2.0:

possibility for surface and subsurface releases;

internal computation of initial film thickness, based on release rate and duration;

New spreading algorithm supporting both surface and underwater releases, with improved
stability and better detection of erroneous input values;

New oil type query filters in both OWM and the Oil Database Editor, allowing filtering on
ranges of values for API gravity, specific density, and pour point;

Capability to add/delete Data Source, Geographical Area, and Product in the Editor as
documented in the User Manual how to achieve this during editing of oil information;
New *. TX2 data results file for easy EXCEL import;

Enabled multi-selection capability in temperature and wind lists, and made Add and Delete
buttons more dynamic to facilitate clearing the entire list at once;

Revised User's Manual for Version 3.0.

The spreading mechanisms for instantaneous releases and continuous releases are different.
Instantaneous releases will spread radially, while oil released continuously will spread laterally (i.e.
cross-current). This difference in spreading behaviour will affect other weathering properties e.g.
evaporation and natural dispersion. Version 2.0 of the model only accounts for lateral spreading (i.e.
all releases are treated as continuous), but in Version 3.0, the spreading of instantaneous and
continuous spills is treated differently. Also, a calculation of the surface spreading for sub surface
releases in shallow to moderate water depths (depth less than e.g. 300 m) is included. This calculation
requires input of gas-to-oil ratio (GOR) and depth in addition to release rate.

The spreading algorithms are documented in detail in Appendix D.
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Model Parameters

[~ Release amount———— — e | [ Release properties ——————
Amount unit: |ETTELG S Time unit: Irninule I ' Depth [m]): I
‘ Gas-to-Oil ratio: 0
(+ Release rate: ]1 333333333 metric tons/minute | } GOR unit m
" Total amount: 20 metric tons(s) [ |
| nl Tg@inal film
‘ Duration: 15 minutefs) thickness (mm}: 1
- Arnblenl_ W =TS alE BN At P Tt &~ Ra 2 2288 5aV 2SS = - Lo
Density of water (gm/1); 1025 ‘W ater depth (m): I
 Fetch [km) 1 Proc | r—Arctic Conditions
N l | ¥ Natural dispersion J lce type: INo lce vl
100 ll W Evaporation
w[i0 [ 100 € || ¥ Emsiiation A D g
100 (Weathmmg data prediction if no lab data—————————————
S || Use model version: ’2.0 and higher (default) ;]
Load default | Save default |  Load orig. defaut | [ ok | cancel |

Figure 5-1. New Model Parameter dialog in Version 3.0, allowing for underwater releases, and with
initial thickness computed internally depending on release type, rate, and duration.

0il Database Filter

I~ iSelect data sourcel [ Select geographical aiea [ Select product
m I A
Battelle Ocean Sciences ABU DHABI, UAE. ~ |CONDENSATE
Crude Assay ALASKA, USA ~ |CRUDE
HPI Crude Oil Database ALGERIA HEAVY BUNKER
IKU Petroleum Research ANGOLA LOW EMULSIFYING
SINTEF Applied Chemistry ATLANTIC FRONTIER REFINED DIST.
BENIN .
BRAZIL b
Min Max
¥ Pour point range: |-1EI I1EI *t
I~ APl gravity range: | I Cancel l
[V Specific density range: 0.9 [1
[V Diltypes with lab weathering data only

Figure 5-2. New Oil Database Filter query options include selected oil properties.
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MMS has an unlimited internal use license for the model.
6 Test Data Preparation

6.1 Background and objectives

In 1998 SINTEF Applied Chemistry completed the Phase I review “Revision of MMS Offshore
Continental Shelf Oil-Weathering Model: Evaluation,” OCS Study MMS 98-0031 for MMS. This
review recommended the compilation of oil spill data sets that would be suitable for model testing
and validation.

A framework for this task was described in the MMS OWM Phase I Technical Meeting held in
Anchorage, in March, 1998 with two alternative approaches:

One approach at that time was that SINTEF, in collaboration with organizations like Alun Lewis Oil
Spill Consultant in UK, CEDRE in France, and NOOA in US should try to develop a joint industry
program to address model sensitivity testing, preparation and archival of specified data sets, and
testing of model algorithms.

Many data sets of potential interest were identified in the Phase I Report (OCS Study MMS 98-0058).
SINTEEF investigated the possibility of developing a joint industry program developed to facilitate the
data collation, but without success. We therefore agreed with MMS to proceed alone in this task with
the limited budget from MMS allocated to address the two last scopes/goals: i.e. preparation of
available oil spill data sets, and testing / validating these ground-truth data with the new version of
the SINTEF OWM only. The data sets presented in this report can however, be used by any
organizations /model operators in model algorithm testing / validation.

6.2 Conclusions and recommendations from the Phase 1 report

In the Phase I Report (OCS Study MMS 98-0058, chap. 5.1.), criteria for an "ideal data set" from
experimental oil releases at sea was specified with respect to:

e Environmental background data
Oil characterization (original oil properties and changes as function of weathering)
Documentation — Standardized methods for sampling and analysis
Sampling frequency
Replicate samples

An overview of experimental oil releases was identified and preliminary evaluation of data sets was
performed. None of the field trials satisfied the strict critenia for an “ideal data set”, with respect to
both methodology and data-documentation. We therefore selected best available data sets for
calibration/validation of oil weathering models. Many of the older data sets from experimental trials
had a limited potential for model calibration-/validation, because of varying quality of data due to
lack of consistent procedures for sampling and analytical methodology.



SINTEF 13

Some recent field trials had better documented and suitable procedures for field sampling and
analysis. The preliminary conclusion from this review was that data from recent field trials in the UK
and Norway (see below) had a potential for calibration/verification of oil weathering models, and an
effort in collecting relevant data from these series was given priority.

UK. Field trials in the North Sea from the period 1992-97: These experiments were conducted on a
yearly basis with different objectives. The more recent experiments have well documented and
suitable procedures for sampling and further analysis. These field trials cover several crude oil
(Forties, Alaska North slope) and different bunker fuels. The weathering time ranges from only hours
to several days and the weathering parameters include (emulsification, evaporation, natural
dispersion, water soluble components, emulsion viscosity, emulsion stability, water droplets
distribution in emulsion and others). Some of these UK sea trials also include extensive monitoring of
dispersed oil concentrations versus time and also measurements of droplet sizes of the dispersed oil
droplets. Some relevant data seemed to be available from AMOP publications by AEA Technology,
but more extensive environmental data from the field test is needed to use them in model tests.

Norway: Field trials in the North Sea and in the marginal ice zone of the Barents Sea from the period
(1989-96): In Norway, field experiments have been conducted on an almost yearly basis since the late
70's, but only some of the trials were considered to be relevant for our purpose. The SINTEF-89 and
MIZ-93 trials produced data sets which can be used to compare weathering of the same crude oil type
at a North Sea and an Arctic environment. These trials and the later NOFO trials (1994/95/96) have
used well-documented procedures for sampling and analysis. The weathering time ranges from one
day up to seven days, and the weathering parameters include emulsification, evaporation, natural
dispersion, water-soluble components, emulsion viscosity, and emulsion stability, among others. Data
are available from SINTEF as reports and publications.

6.3 Datasets collected

In the period from December 2002 to July 2003, an effort was made to collect all relevant data from
the recommended series of field trials. As a result, data-set from the following trials are presented in
this report:

e Haltenbanken 1989

MIZ-experiment (in ice) 1993

NOFO-trial 1994

NOFO-trial 1995

NOFO-trial 1996 (limited data)

UK trials 1997 (AEA-trials)

Surface oil data from the Deep spill 2000 experiment

The data-sets from the earlier field tests in the UK are not included in this report. This is due to lack
of available documentation of environmental data during the field tests. Lewis Oil Spill Consultant in
UK did an extensive search to obtain data reports from field various field trials in UK at the library at
MCA (Maritime and Coastal Agency in Southampton) without any success.

Weathering data, wind speed, temperature and film thickness are presented from the trials. For the
trials including dispersant treatment, only the weathering data before dispersant treatment is
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presented in this report.

The film thickness parameters used as input to the model for the predictions of the different trials, are
based on the film thickness data measured in the individual trials.

The full report is included as Appendix B: Development of Data Sets from Experimental Oil Spills
for OWM Algorithm and Model Testing and Validation.

7 Final Report, Publication, and Summary Slides

The Final Report is a self-reference to this document.

A publication with the working title "The MMS Oil Weathering Model: Further Developments and
Applications” is in preparation. It is intended that the paper will be presented at the International
Marine Environmental Modelling Seminar (IMEMS) to be held in Washington DC in October, 2004.

A set of summary overheads has been prepared in PowerPoint format, and is include on the CD-ROM
as an Appendix to this report.

Separate documents on CD-ROM:
Appendix A: Overheads Summarizing the Project

Appendix B: Weathering Properties of Endicott, Milne Point Unit, High Island
Composite, the Alpine Composite, the Neptune Field Composite, and North Star
QOil Samples

Appendix C: Development of Data Sets from Experimental Qil Spills for OWM
Algorithm and Model Testing and Validation

Appendix D: Users Manual for SINTEF OWM Version 3.0

Appendix E: Manuscript submitted to Journal of Environmental Software and
Modelling: “The MMS/SINTEF Oil Weathering Model, Further Development and
Applications” by R. Prentki, C. Smith, . Johansen, P. Daling, M. Moldestad, K.
Skognes, and M. Reed.
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Project Summary
Primary Objectives

1. Deliver and adapt the SINTEF Oil Weathering Model
(OWM) to MMS needs;

2. Expand the OWM oil library to include oils of interest to
MMS;
3. Develop and collate data sets identified in Phase | from

experimental oil spills for validation testing of algorithms
and OWM’s.

@ SINTEF

Materials and Chemistry

Delivery and Adaptation the
SINTEF Oil Weathering Model

m Delivered the SINTEF OWM Windows 95/NT
Version 1+, manuals (1999)

® Training session, and license for Department of
Interior-wide internal use

® Provided scheduled updates
m Version 2.0 (2001)
m Version 3.0 (2004)
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Delivery and Adaptation the
SINTEF Oil Weathering Model

Model improvements:

B Windows of opportunity for dispersant spill
response

® Updating of the oil database

B Improved spreading algorithms for surface and
sub-surface releases

®m Simplified export to spreadsheets

W Arctic conditions (sea ice)

B Undersea blowouts and pipeline spills
B Import tool for external wind files

B Additional query options to filter oils from the
database

B Revised user's manual
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Expansion of OWM database to
include oils of interest to MMS

Weathering studies performed for crudes from
Alaska and the Gulf of Mexico:

M Alaskan North Slope: 4 crude oils
B Gulf of Mexico: 2 crude oils
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Development of Data Sets from
Experimental Oil Spills for Model
Testing and Validation

Haltenbanken 1989

Barents Sea Marginal Ilce Zone (MIZ-experiment
in ice) 1993

NOFO-trial 1994

NOFO-trial 1995

NOFO-trial 1996 (limited data)

UK trials 1997 (AEA-trials)

Surface oil data from the Deep spill 2000
experiment
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Final Report, Technical Summary,
and Journal Article

Individual reports combined behind an Executive
Summary in the Final Report.

B Final Report andTechnical Summary submitted in
Draft and Final versions

B Bibliographic references supplied in Procite-
importable format.
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Summary Weathering Properties
Alaskan North Slope and Gulf of Mexico
Oils

B Alaskan North Slope
m Alpine Composite
® Endicott
m Milne Point Unit (not tested, water content in the crude oil too high)
® North Star
B Gulf of Mexico
® High Island Composite
® Neptune Field Composite

Materials and Chemistry | |, 9
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Knowledge about oil properties, fate and
weathering behaviour is important for :

B Environmental Risk Analysis
® Contingency analysis and planning

® NEBA-analysis (Net Environmental Benefit Analysis)

m Weighing of advantages and disadvantages of alternative oil spill responses for all
aspects of environmental effects, compared with “no response”

® Oil spill response operations
=> rapid and right decision-making during combat operations

Materials and Chemistry | . | |, 10
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Objecfives

Alaskan and Gulf of Mexico crude oils tested in order to :

B investigated the weathering behaviour of the oils and
discuss the properties related to respone

B expand the SINTEF OWM oil library to include the oils of

interest to MMS

@3 SINTEF

Crude oils

B Mixture of thousands of
components

® Relative composition vary

B Physical properties of various
crude oils are very different due
to differences in chemical
composition

® Crude oils may be accidentally
spilt during production or
transportation

(Y SINTEF
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carbons

> Paraffins
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Aromatics
Resins
Asphaltenes
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Oils at sea — weathering processes

Resurfacing of larger oil droplets

Dissolution of water seluble

com 3
Qil-in-veater dispersion Adsarption 10 particles
X - Uptake by biota
ticrobiclogical

Verlical diffusion degradalion " o
: —— et~

Horizontal diffusion

Sedimentation

Uptake and release from sediment
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Bench-scale step-wise weathering
study of an oil

051h 051day 051 week
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Crude oil 150°C+  200°C+  250°C+" Phox

Gl

.. Nl
A

16 different weathering samples from a fresh crude oil
Representing various weathering times at sea

Emulsification with water
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Temperature conditions

® Alaskan North Slope crude oils

m Tested at 10°C
m Weathering predictions made at 0 and 10°C

B Gulf of Mexico crude oils
m Tested at 23°C
m Weathering predictions made at 20 and 29°C

@) SINTEF

Crude oil properties
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Oil type

Category of
crude oil

Density
(g/mL)

Alaskan North Slope crude oils

Alpine Paraffinic 0,834

Composite

Endicott Asphaltenic 0,913

Milne Point Naphthenic, approx. 0,95

Unit biodegraded

North Star Paraffinic 0,816
Gulf of Mexico crude oils

High Island Naphthenic, 0,85

Composite biodegraded

Neptune Field Paraffinic 0,869

Composite

Materials and Chemistry
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North Star - emulsification studies

After 6 hours weathering After 72 hours weathering

Materials and Chemistry 18



SINTEF Oil Weathering Model

SINTEF Qil
Weathering Model

| * Distillation curve (TBF)

* Denaities

» Viscositics

» Flash points

* Pour points

» Water uptake rates (tg s-values)

o Maximum water uptake ability

» Viecosity ratioa
{wlo-emuleionparent oil)

» Viscosity limits for chem ical
dispersion

@ SINTEF

« Viscosity of wio-emulsion
o Natural dispersion

« Total oil mass-balance

¢ “Time window™ for use of

dispersants

Environmental
conditions
(Wind speed, sea lampearaiure,
oil film thicknaes)
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Alaskan North Slope oils - evaporation

Alaskan North Slope oils

Property: Evaporation
Wind Speed (mis): 10

@ SINTEF

20D 2002
Pred. Dato: August 19, 2004

Temperature (10°C)

Evaporation (%)

= Alpine CPF 7/23/0
—rdicott

s North Star
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Alaskan North Slope oils — emulsion

viscosity

Wind Speed (m/s): 10

Alaskan North Slope oils
Property: Viscosity of Emulsion
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2092002
Pred. Dato: August 18, 2004

Temperature (10°C)

100000

10000

1000

Viscosity (cP)
g

e Alping CPF 77230
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===North Star

Gulf of Mexico oils - evaporation

Gulf of Mexico oils

Property: Evaporation
Wind Speed (m/s): 10
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2.0 92002
Pred, Dato: Augusi 19, 2004

45

Temperature (20°C)

Evaporation (%)

025 05 1
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===Neplune Field
Composile

w—High Island
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Gulf of Mexico oils - emulsion viscosity

Gulf of Mexico oils @ SINTEF
Property: Viscosity of Emulsion 2 o 2
Wind Speed (m/s): 10 Pred. Dato: August 19, 2004

Temperature (20°C)

10000

w—Neplune Fleld I
Composite

1000

w—High lsiand

100

Viscosity (cP)

@ SINTEF r 23

Data sets for model testing and validation

B Haltenbanken 1989
B Barents Sea Marginal Ice Zone (MIZ-experiment

in ice) 1993
NOFO-trial 1994

NOFO-trial 1995
NOFO-trial 1996 (limited data)
UK trials 1997 (AEA-trials)

Surface oil data from the Deep spill 2000
experiment

Materials and Chemistry 24



Haltenbanken 1989

Full-scale experimental oil spill carried out to study several
objectives:

®m Evaluation of different types of oil spill drifters (Argos
positioned buoys) versus oil drift

B Inter-calibration of different aerial surveillance systems

®m Study of weathering processes of the Sture Blend crude
(also here called Oseberg Blend)

® Study interactions between a drifting oil slick and sea
birds

Materials and Chemistry 25

Haltenbanken 1989
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Barents Sea Marginal Ice Zone 1993

Objectives

B The intention of the experimental oil spill in the marginal
ice zone was to contribute further to existing knowledge
about the behaviour of oil under Arctic conditions and to
acquire knowledge about the specific conditions (wind,
waves, ice conditions, drift and spreading) in the marginal
ice zone.

Materials and Chemistry 27

Barents Sea Marginal Ice Zone 1993
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NOFO Field Exercise 1994

The main objectives of the field trials were:

B To verify laboratory studies on rate of weathering (evaporation, natural
dispersion and emulsification) of Sture Blend crude oil and determine
the extent of changes in these processes caused by the application of
dispersant.

B To assess quantitatively the effectiveness of aerially applied
dispersant by following the fate and weathering properties of two
slicks of partially weathered North Sea crude oil (one treated and one
control slick).

® To define the operational parameters required for practical dispersant
treatment strategies.

® To provide a realistic training scenario for oil spill combat personnel.

Materials and Chemistry | _ _ _ ., . 29

NOFO Field Exercise 1994

epersarn |0}

Property: Evaporation @ SINTEF Property: quls{on viscosity @ SINTEF

Property: Water content @ SINTEF

Tomerton G} 10

e, P o Dispersant applications
resulted in decreased
—m water content and
‘e viscosity of emulsion.
Emulsion disappeared
totally into the water
column.

Water content (%)
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NOFO Exercise 1995

Objectives (dispersant application and underwater releases)

@) SINTEF

Property: Evaporation @ SINTEF Fromesty: Faision ¥isoosion @ SINTEF

] 100 2000
T i tycaras tmem - | st i Faleg M s oy Proct Dt Agel 30, 2003

Study the behavior, rate of spreading and weathering (evaporation,
emulsification, natural dispersion etc.) of crude oil slicks released both
from surface and sub-surface (107 meters depth simulating sub-sea
pipeline leakage).

Provide input data to the SINTEF OWM, as the basis for further
refinements of algorithms in the model.

Assess the effectiveness of different methods of applying dispersant
concentrates on oil slicks (from boat and helicopter).
Study the capability of satellite-tracked drifting buoys to simulate the

drift of surface and dispersed oil under various environmental
conditions.

Calibrate aerial remote sensing sensors (in aircraft, helicopter, and
satellites) with ground truth data of the surface oil slicks.

Materials and Chemistry  _ _ . . . . a1

ise 1995
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® A modern dispersant, correctly
applied with a helicopter bucket or

with spray arms from a ship, within

! | ] the “window of opportunity” for
— o m—— dispersant use, is capable of
i / e dispersing thick oil completely,
// ) I —sememi=e L within 10-30 minutes.
L1 ® No significant emulsification of the
/ S N - oil in the underwater plume was
- - observed.
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NOFO Exercise 1996

Objectives

B To determine how the weathering processes (evaporation, water-in-oil
emulsification and natural dispersion) of Troll crude oil proceeded in
the control (Charlie) and the treated slick (Hotel, treated by helicopter
with the new “Response 3000” bucket) after dispersant application.

B To determine how the surface slick resulting from the underwater
release (designated Uniform) of Troll crude oil combined with gas
(GOR of 1:67), behaved.

B The field trials in both 1995 and 1996 were performed in order to form
basis for building up an operational and cost-effective dispersant
response in Norway (for terminals, refineries, offshore oil fields etc.).
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Property: Emulsion viscosi
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Troll crude oil emulsified slowly and
reached a maximum water content of
approximately 60 vol.% and a viscosity of
2000 cP (shear rate 10 s-1) after 10 hours
weathering at the sea surface. These
measured values were lower than the
predicted values due to unstable
emulsions. The weather conditions were
rather calm, with an average wind speed of
about 4 to 5 m/s, and too low to cause
breaking waves. The same situation
occurred during the August 1995 trials
when the Sierra slick was monitored on
Day 2 (5 to 6 m/s wind).
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AEA field experiments UK 1997

Purpose

B to measure changes in oil properties during weathering at
sea, and

B to determine the period of time during which Corexit 9500
can be considered as a viable response option for these
oils:

m 50 m? Forties oil weathered for 2 days at sea prior to treatment with
2.5m3 Corexit 9500

m 20 m3 IFO-180 Heavy bunker fuel weathered for 4.5 hours at sea prior to
treatment of 0.9 m3 Corexit 9500 followed by a 2" treatment 23-25 hours
at sea (2.0 m® Corexit 9500)

m 31 m3 Alaska North Slope (ANS) crude (designated "Alpha") weathered
for 2.5 days at sea prior to treatment of 1.0 m3? Corexit 9500

=
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AEA field experiments UK 1997

Property: Emulsion viscosity @ SINTEF
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Compared to earlier studies
carried out with Corexit 9527 at
SINTEF, Corexit 9500 shows an
improvement in the dispersibility

R up to a viscosity of 20.000 cP on
Property: Water content @ SINTEF the ANS emulsions.
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Deep Spill JIP 2000

Primary objectives

M to obtain data for verification and testing of numerical
models for simulating accidental releases in deep waters;

B to test equipment for monitoring and surveillance of
accidental releases in deep waters;

B to evaluate the safety aspect of accidental releases of gas
and oil in deep waters.

Materials and Chemistry  _ | . . . . a7

Baa surfsce tempersturs: 10 °C

e Experiments were conducted at 844 m
Soa e e depth in the Helland Hansen region in
the Norwegian Sea.

60 m3 marine diesel and 60 m3 Sture
blend together with 18 m3 liquefied
natural gas (LNG) equivalent to 10 000
VI S m3 of gas at atmospheric pressure
e released from a discharge platform

| i (AR T —Y lowered to the seabed
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Data sets for model testing and validation:
summary

Input data and field measurements are supplied in the report for each
field trial
Wind data
Distillation curves for oils
Crude assay data
Oil weathering data
Field measurements
®m Emulsion
m Density
m \Water content
m Viscosity
m Stability
m Surface film thickness

Materials and Chemistry | | | | | | 39
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Appendix B: Weathering Properties of Endicott, Milne Point Unit,
High Island Composite, the Alpine Composite, the
Neptune Field Composite, and North Star Oil Samples
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1 Background

SINTEF Applied Chemistry completed the Phase I review “Revision of MMS Offshore
Continental Shelf Oil-Weathering Model: Evaluation,” OCS Study MMS 98-0031 for MMS in
1998, This review recommended:

« upgrading to an existing state-of-the-art Oil Weathering Model (OWM)

¢ additional improvements needed to maintain state-of-the-art and to meet needs of MMS users
o 3pill data sets that would be suitable for algorithm and model testing and validation.

Based on these findings, MMS initiated the ongoing Phase II and III “Revision of the OCS Oil-
Weathering Model”. The main objectives of Phase II and III are:

- to obtain and adapt the SINTEF OWM to MMS needs,

- to expand the SINTEF OWM oil librery to include oils of interest to MMS

In Envi | Impact A t (EIA) studies and when planning the most effective
response it is important to have refiable predictions of how specific oils properties will chenge
during & spill. The efficiency of various oil spill combat methods (e. g. mechanical, dispersion

and/or buming) depends greatly on the physico-chemical properties of the oil at the time of action.

In the literature, several approaches on how to predict oil properties have been established.
SINTEF has chosen a direct empirical approach and in addition to crude oil data {Crude Oil
Assay), the SINTEF OWM uses experimental weathering data obtained from both bench and
meso-scale laboratory weathering testing of the actual crude oil as input data. Experience and data
generated from full-scale field studies during the past 25 years has provided the basis for a
continuous evolution of the algorithms used in the model. In recent years comparisons of the
predictions obtained from the SINTEF OWM with field data have shown the strength in the
prediction quality (Fiocco ef al., 1999 and Deling and Strem, 1999).

SINTEF has performed weathering studies on the following six crude oils supplied by MMS:
Endicott, Neptune Oilfield, Alpine Oilfield, High Island Oilfield, Milne Point Unit, and North
Star. The Neptune Field and High Island oils are Gulf of Mexico oils, the rest are Alaskan oils.
The results of these weathering studies will be added to the OWM library for use by MMS in
Envir I Impact A studies and are presented in this final report.

1\CH661189 MMS OWM Phases 1 and I Task4 _oljer eport 151002.doc
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2 The weathering predictions obtained from the SINTEF OWM

The SINTEF OWM relates oil properties to a chosen set of conditions (oil/emulsion film
thickness, sea state and sea temp ) and predicts the change of an oils properties and
behavior on the sea surface. The SINTEF OWM is schematically shown in Figure 2.1.
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Weatharing
Modal

Laborstory data of fresh and Pradicud oil proparties by time at
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Figure 2.1: Schematic diagram of the input data to the SINTEF OWM and the predicted output oil
properties.

The predictions obtained from the SINTEF OWM are a useful tool in Environmental Impact
Assessment studies and for determining the most effective response. In this report the predictions
are presented over a time period of 15 minutes to 5 days after the oil spill hes occurred. This
covers potential spill situations where the response time is short (e, g. close to terminals) to
offshore spills where the response time can be several days,

2.1  Fixed and variable parameters used in the SINTEF OWM

2.1.1 Spill scenario

The spill scenario (e. g. sub-sea or surface blowouts, tanker spills, pipeline leakage etc.) and
release rate chosen when using the SINTEF OWM is of importance. In this project a surface

release at a rate of 1,33 metric tons per minute (i.e. 80 tons over one hour) was chosen as the spill
scenario,
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2.1.2  Oil film thickness

In the SINTEF OWM the oils are categorised into cond low Isifying crudes,
emulsifying crudes, heavy bunker fuels or refined distillates based on experimental results
obtained in the bench-scale testing. A default for the initial oil and terminal w/o-emulsion film
thickness is given for each category of oil in the model.

From the experimental results of the bench-scale testing (see Appendix C) Endicott, High Island
Composite, Alpine Composite and North Star are described as emulsifying erude oils whereas, the
Neptune Field Composite, which did not form stable w/o-emulsions, is described as a low
emulsifying crude oil.

The spill conditions, oil categories and initial and terminal film thickness® are summarized in
Table 2.1.

Table 2.1: The spill criteria chosen for Endicon, the Alpine Compaosite and the Neptune Field
Composite crude oils in this project.

Emulsifying crude

Endicon vil
Nepune Field Low emulsifying 2 0.5
Compasi crude oil -
Alpine Emulsifying crude 20 1.0
G it o1l %
Igh Island | Emulsifying crude
Composite ail 2 i
Milne Point Emulsifying crude 0 10
Unit oil .
North Star I:mu]sufl):::lg crude 20 10

2.1.3  Sea temperature

The prevailing weather conditions greatly influence the weathering rate of oil on the sea surface.
Two sets of predictions are given in this report, one at the ge f the other
at the ge winter lemp for the area of interest. The temperatures are chosen on
background of climate statistics for the two regions and are given in table 2.2,

FACHERT RS MMS OWM Phases [ amd 111 Taskid ! ' ) 151002 doc
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Table 2.2: The average summer and winter sea temperatres used for Endicot, the Alpine
Compuosite, the Nep Field Composite, the High Island composite, the Miine
Paint Unit and the North Star crude oils in the SINTEF QWM.

= i Hﬁpﬁ |
Endicont
Alpine Composite 10 0
Milne Point Unit
North Star
Neptune Field Composite Gulf of 29 20
High Island Composi! Mexico i -

*Information provided from the Live Access 1o Climate Data server at the NOAA/ Pacific Environmental Laboratory.

214 Wind speed

The relationship between the wind speed and the significant wave heights used in the prediction
charts obtained from the SINTEF OWM are shown in Table 2.3

Table 2.3: The relationship between the wind speed and the significamt wave heights wsed in the
SINTEF OWM,

e T

o L A A e e SN vy T 3 ol
Light breeze 0,1-0.3 0.2-0.60
Gentle to moderate breeze 05-0.8 1-1.5
Fresh breeze 1,5-2,5 3-5
Strong breeze 34 6-8

22 Input data for the SINTEF OWM

In the bench scale laboratory testing, a s ic slepwise | lure developed at SINTEF
(Daling et al., 1990) is used to isolate and map the various weathering processes that take place
when an oil is spilled on the sea surface. The experimental design for the bench scale studies is
deseribed in Appendix B and the results are presented in Appendix C. The input data to the
SINTEF OWM is given in Appendix D.

The experi | hering data obtained in the bench-scale testing are processed and used as
input for the SINTEF OWM. The following oil/emulsion properties obtained in the bench-scale
testing are used in the model:

specific gravity

pour point

flash point

viscosities of fresh and water-free residues (150°C+, 200°C+ and 250°C+)
viscosities of the 50% and 75 % w/o-emulsions

waler uptake (maximum water content, stability and half-life-time)
LACHBE] 189 SIS OWM Phases 1 amd 1 Taskd rh d 1 151002 o




@ 9

The SINTEF OWM is described in more detail in Johansen, 1991 and in the users guide for the
model.

23 Weathering properties related to response
The efficiency of various oil spill hods (e. g. mechanical recovery, dispersion and/or
buming) depends greatly on the physical and chemical properties of the oil at the time of action.
When planning the most effective response the predictions chants provide important information.

2.3.1 Mechanical response

Past experiences from Norwegian field trials have shown that the effectiveness of many

ical clean up operations is reduced due 1o a high degree of leakage of the confined oil or
w/o-emulsion from the oil spill boom (especially in high t). This leakage is especially
I d if the viscosity of the oil or the w/o-emulsion is lower than 1000 cP at a shear rate of
105" (Nordvik e7 al., 1992), The lower viscosity limit for an optimal mechanical clean up
operation has therefore been set to 1000 ¢P.

The upper viscosity limit for an optimal mechanical clean up operation depends on the type of
skimmer used. For some disk-ski the collection capacity is reduced significantly at w/o-

emulsion viscosities exceeding 10 000 ¢P (ITOPF, 1986}, however ITOPF, 1986 does not state
the shear rate.

Recent tests performed by SINTEF using a weir skimmer show that the efficiency may be reduced
for semi-solidified oils. i. . oils with a large wax content and high pour point values, and for oils
with viscosities between 15000 and 20000 cP (Leirvik eral.,2001).

2.3.2  Chemical dispersion

A dispersibility methodology, based on the viscosily increase due to weathering, was developed al
SINTEF (Daling and Strom, 1999) in order to determine the window of opportunity for the
effective use of dispersants for different oils. Chemical dispersibility testing was not included in
this study. General limits for dispersibility based on pour point values are given in table 2.4.
These values are not valid for all oils and situations, and should only be regarded as guidelines.

Table 2.4: The chemical dispersibility used in the SINTEF OWM based on pour points.

< 5°C above the sea temp:
5-15°C above the sea temperature
> |5°C above the sea temg Not dispersibl
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24  How to use the prediction charts, an example

If e.g. Endicott has drifted for a period of time on the sea surface the prediction charts can be
used to determine the remaining oil’s chemical, physical and emulsifying properties. Table 2.5
shows examples for the following scenario:

*  Drift time: 24 hours
s Temperature: 0°c/0°C
*  Wind speed: 10m/'s

Table 2.5: Weathering properties for Endicott obtained from the prediction charts,

Evaporation 13 vol% 15 vol%
Pour point 15°C 17°C
Viscosity of the water free oil 5000 cP 3000 cP
Water content 50 % 58 %
Viscosity of the emulsion 12 000 cP 9 000 cP
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2.5.1 Prediction charts and summary of the Endicott crude oil’s weathering properties at

sea
Area/block: Alaskan North Slope
Common field name: Endicott

Well number: 133 G-12-00

S £ the Endi 4o oil’ . .

Endicott is a heavy crude oil, with a density of 0,9131 g/mL. Endicott has a relative low content
of lighter molecular weight compounds, and at 10 m/s wind speed only 10 % of its origina!
volume will be evaporated 24 hours after the spill at summer temperatures.

Endicott will form w/ Isions with a maximum water content of approximately 60 % at winter
temperatures and 65 % at summer temperatures doubling the original spill volume. The w/o-
emulsions formed are very stable and in order to effectively dehydrate the w/o-emulsions when
using an emulsion breaker (e. g. Alcopol O 60 %) a minimum dosage of 2000 ppm should be
applied.

After approximately three hours at winter temperatures and half an hour at summer temperatures
the Endicott w/o-emulsion will have a viscosity of over 1000 cP which is the recommended lower
viscosity limit for an effective mechanical response. Viscosity of the Endicott emulsion will
exceed 20 000 cP within 1-3 days at high wind speed. This might cause lowered efficiencies in a
mechanical recovery operation using e.g. & weir or disk skimmer, At lower wind speeds this
should not be a problem.

Given the high viscosity of the Endicott emul a limited time window for the use of
dispersants could be expected. A dlspemblhty study should be performed on the Endicott oil in
order to establish the time-frame in which the use of dispersants are feasible, and to determine the
optimal dosage of dispersants for an effective chemical treatment operation.

Due to the high viscosity of the Endicott emulsions a high “lifetime’ should be expected for the
slick on the sea surface. At low wind speeds natural dispersion is almost neglectable, and even at
higher wind speeds the slick will endure for several days on the sea surface.

The prediction charts for the weathering of the Endicott crude oil at sea are given in Figure 2.2 to
Figure 2.7. The mass balance for Endicott at the mean summer and winter temperatures in the
Alaskan North Slope region at different wind speeds (2, 5, 10 and 15 m/s) are given in Figure 2.8
to Figure 2.11. These figures illustrate the degree of natural dispersion at varying sea conditions.
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Property: EVAPORATIVE LOSS SII@ Property: FLASH POINT FOR WATER-FREE OIL @w
Oil Type: ENDICOTT (2001) = Oll Type: ENDICOTT (2001) ==
Description: TBP from SINTEF Description: TBP from SINTEF
Data S SINTEF Appliod Chemistry (2001), Weathering dats | 22, Data Source: SINTEF Applied Chemistry (2001), Weathering dat | 2%
Inial Tenminal Oil fim thickness: 20 mm/1 mm Instsnd Tarrmiral Oxl fim Mucknass: 20 mm't mm
Ridease rate: 1,33 motne lons'minute Prod date Sep, 12 2001 Ralnase e 1.33 melrc tons/minule Pred date Sep 13, 2002
——— Wind Spoed (mis): 15 = Vi Speed (mVs) 15 [ o e hazard
—— Wind Spoed (mis) 10 === Wind Speed (m's) 10 e hazard in tankage (<60 °C)
+ Wind Speed (mis). § =+ \Wind Speed (mia). 5 I Frre e it sisn surfacs (Deiow sea tempartura)
<Wind Speed (misy 2 b Whnd Speed {mva) 2
Sea surface temperature: 0 °C Sea surface temperature: 0 °C
30 T :
204

Flash Poinl (*C)

T et 1%

Sea surface temperature: 10 *C

Sea surface temparature: 10 *C |

Evaponnina % |

Based on fash point measurements of weahensd, waler-frie ol residuss.

Figure 2.3: The Flash point for water-free Endicott at the mean summer (10°C) and winter (0°C)
temperatures for the Alaska North Slope region.

Figure 2.2: The predicted evaporative loss for Endicott at summer (10°C) and winter (1°C) mean
temperatures in Alaskan North Slope region,
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Property: POUR POINT FOR WATER-FREE OIL
Ol Type: ENDICOTT (2001) @ m

Description: TBP from SINTEF
Data Source: SINTEF Applied Ct Y (2001), Weathering data | 22,

Initial/ Terminad OF fim thickness: 20 mm/'1 mm
Reloase rater 1.33 matric lonsminude Prod dute Sep 12 2000

—— Wind Speed (m/s}: 15 [ Chemicaby dispersitia
—=—= Wind Speed (mfsk 10 [ 7] Reducad chemical dispersibiity

Bamad on pour point maasurements of waatherod, waler-frea of resiiuos.

Figure 2.4: The predicted powr point for water-free Endicott at different wind speeds ar the

summer (10°C) and winter (0°C) mean temperatures in the Alaskan North Slope

region.
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Property: VISCOSITY FOR WATER-FREE OIL @m}
Oil Type: ENDICOTT {2001) Trmrmary
Description: TBP from SINTEF

Data S: SINTEF Applied Chemistry (2001), Weathering datz | 27

Initial Tarminal Ol film thickness: 20 mmd1 mm
Relaase rate’ 1.31 metrc jons/minute Prod dese Sop 12, 2001

—— Wind Spood (mis): 15
== Wind Speod (mis): 10
Wind Speed {misi: 5
...... Wind Speed (mis: 2

100000

rmoasy o)

025 oS 1 2 3 B 8 12 1 2 E
Haury Do
Sea surface temparaturs: 10 'C

Based on viscosity measursments carmied oul o a shear rate of 10 rediprocal seconds.

Figure 2.5: The predicted viscosity for water-free Endicott for different wind speeds at the

stummer (10°C) and winter (0°C) mean temperatures in the Alaskan North Slope

region.
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Property: WATER CONTENT
OH Type: ENDICOTT (2001)
Description: TBP from SINTEF

Data Source: SINTEF Applied Ch

y (2001),

Inital/Terminal Of fim thickness: 20 mwn/t mm
Raloass rate; 1.33 metric tonw/minute

—— yind Spesd (M. 15
== WA Speed (mvs): 10
~ee=r Wind Spesd (mia); §
=es4as Wind Speed (nve): 2

Wassr cxxderd (%)

o
£ o
b ol
ol
R g
0
0.28 0.5

@ sue

Property: VISCOSITY OF EMULSION

Oit Type: ENDICOTT (2001)

Deacription: TBP from SINTEF

Data Source: SINTEF Appiled Chemiatry (2001), Wi dats

inidal/Terminel Ol fim thicknees: 20 mm1 mm
Relusss rate: 1.33 metric lone/minuts

g

®200¢

Prod. date: Sep. 13, 2001

~——— Wing Spead (ma); 18
=w=e Wind SBpead (m/e): 10
Wind Spesd (mva): §
se=vs Wind Spead (m/s): 2

Sea surfecs wmperaturs: 8 °C

Based on viscoally messurements camied out st a shear rete of 10 reciprooel seconds,

18

Figure 2.7: The predicted viscosity of the Endicott w/o-emulsions for different wind speeds at the
summer (10 °C) and winter (0 °C) mean temperatures in the Alaskan North Slope
region.

Figure 2.6: The predicted water content in the Endicott w/o-emulsions for different wind speeds at
the summer (10°C) and winter (0 °C) mean temperatures in the Alaskan North
Slope region.
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Property: MASS BALANCE W Property: MASS BALANCE m
Oll Type: ENDICOTT (2001) i~y Oll Type: ENDICOTT (2001)
Description: TBP from SINTEF Description: TBP from SINTEF
Data Source: SINTEF Applied Chemistry (2001), Weathering data [ 25 Data Source: SINTEF Applied Chemistry (2001), Weathering dats | 25,
InitadTorminal Ol fim thicknaas: 20 mm/1 mm Inttial/Terminal Ol fiim thicknese: 20 mm/1 mm
Relesss rate: 1,33 mebic lons/minute Pred. date: Ocl. 03, 2001 Reisase rats: 1.3 metric lons/minute Prad. date: Ocl 03, 2001
7777 Evaporated 7773 Evaporated
88384 Surface [RERA Surtece
Naturelly dapersed Naturaily dispersed
Tampersture: 0°C  Wind speed: 2 mvs Tompersture: 0°C  Wind spesd: 10 m/s.

1

Y

i,

ey (%)

0 0 FRNEES
0.28 08 1 2 3 e 8 122 1 2 3 48 028 08 1 2 3 & 9 12 2 3 48

Hous e Houn
Tomperature: 0 °C  Wind speed: 0 m/s Tompersture: 0 °C  Wind speed: 18 mvs

MY,

///////////’//////////////////////////////
\:

[} 9 12

My (%)

/

2345

Figure 2.8: The mass balance for Endicott at the mean winter temperature (0 °C) in the Alaskan Figure 2.9: The mass balance for Endicott at the mean winter temperature (0 °C) in the Alaskan
North Slope region at wind speeds of 2 and 5 m/s. North Slope region at wind speeds of 10 and 15 m/s,
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Property: MASS BALANCE Qm Property: MASS BALANCE @ I'INMEF,
Oil Type: ENDICOTT {2001) Oll Type: ENDICOTT (2001) §~'~ LLE
Deacription: TBP from SINTEF Description: TBP from SINTEF

Data Source: SINTEF Appliisd Ch Y (2001), gdate| 295 Data Source: SINTEF Applied Chemletry (2001), Weathering dats | 23,

InitiaTarmined OFf fllm thickness: 20 mm/1 mm Initied/Terrminat Off fim thickness: 20 /1 mm

Reioase rate: 1.33 metric tona/minuts Prad. dews: 0. 03, 2001 Retesss rate: 1.33 metrio tona/minute #rad. date: Oct, 0, 2001
777 Evapormad Evaparated

ESSE2 Surfece [B8R3] Surface

NS Naturaity aisparsed Neturally disparsed

Tompersture: 10 °C  Wind spaed: 10 e

.

Mo %)

o-# ~
026 3 € ? 12 1
Da

2
Houn

The sigorithm for of nalursl spr
predictions have been feid-verified up 1o 4-5 days.

Figure 2.10: The mass balance for Endicott at the mean summer temperature (10°C) in the

Alaskan North Slope region at wind speeds of 2 and 5 mis. Figure 2.11: The mass balance for Endicott at the mean summer temperature (10 °C) in the

Alaskan North Slope region at wind speeds of 10 and 15 m/s.
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2.5.2 Prediction charts and summary of the Alpine Composite ofl’s weathering properties at

sea
i
Area/block: Alpine Central Production Facility
Sample date: 07-23-2001
Company name: Phillips

Composite sample from all of the producing wells at Alpine.
s £ the Alpine C. L . .

The Alpine Composite is a paraffinic crude oil, with a density of 0,834 g/mL. The Alpine

Composite contains a relatively large of lower molecular weight compounds and

epproximately 25% of its original volume will be evaporated 24 hours after the spill at both
and winter temp

The Alpine Composite containg approximately 4 wt% wax and less than 0,1 wt% asphaltenes. The
fresh oil has e pour point of -18°C and increases rapidly with weathering to approximately 10°C
and 15°C at the mean winter and summer mean temperatures at a wind speed of 10 m/s.

Alpine Composite will form w/o-emulsions with & maximum water content of 80 % at both winter
and summer temperatures, yielding epproximately five times the original spill volume. The w/o-
emulsion formed after one day of weathering at sea is stable and in order to effectively dehydrate
the w/o0-emulsions when using the emulsion breaker Alcopol O 60 % a minimum dosage of 2000
ppm should be applied.

After one day of weathering the Alpine Composite w/o-emulsions at winter and summer
temperatures will have a viscosity of over 1000 cP and the viscosity will only exceed 10 000 cP
after several days of weathering on the sea surface. High viscosity should not compromise the
success off a mechanical recovery operation, for at least 8 week after the time of the release,

The Alpine Composite will have a high degree of natural dispersion at high wind speeds. E.g. at
15 m/s wind speed the slick will be almost removed from the sea surface within a day.

The prediction charts for the weathering of the Alpine Composite oil at sea are given in Figure
2.12 to Figure 2.17.

The mass balance for the Alpine Composite at the mean summer and winter temperatures in the
Alaska North Slope region at different wind speeds (2, 5, 10 and 15 m/s) are given in Figure 2.18
to Figure 2.21. These figures illustrate the degree of natural dispersion at varying sea conditions.
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Property: EVAPORATIVE LOSS m
Ol Type: ALPINE CPF 72301 MMS

Description: TBP from SINTEF
Data Source: SINTEF Appiied Chemiatry (2001), Weathering dats | 3%,

tnital/ Terminal Ol fm thicknaea: 20 mnv1 mm
Release rate: 1.33 meiric tona/mirute Pred. date: Dac, 06, 2001

— Wind Bpsed (nVa): 18
Wind Spesd (nvs): 10
‘Wind Speed (nve): §
Wind Spaed (mVs): 2

Beq durfacs emparsture: 0 °C

g

Figure 2.12: The predicted evaporative loss for the Alpine Composite oil at summer (10°C) and
winter (0°C) mean temperatures.
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Property: FLASH POINT FOR WATER-FREE OIL 5'|NIIL5F

Ol Type: ALPINE CPF 7/23/01 MMS o

Description: TBP from SINTEF Property: POUR POINT FOR WATER-FREE OIL

Data Source: SINTEF Applied Chemistry (2001), Weathering dat | 2%, oil *ryg: ALPINE CPF 7/23/01 MMS M
Description: TBP from SINTEF .

InaiTorrrinal OHl fim thickness: 20 mmf1 mm Source: SINTEF (2001), Weatherin: 0

Relpase rate: 1.33 metnc lons'manute Pend dale: Sep 13, 2002 Data : SI Appllnﬁ CI'BHIIAW )' g dat2 © 2000
It Tarrranal O Bim thickness: 20 men'l mm

— Wind Speed (mis): 15 | No firs hazard Risleasa rate: 1.33 medrc lonsiminate Froc cate: Dec. 05, 2001

——= Wind Speed {mis): 10 ] Fire hazard in tankage (<50 C)

=== Wind Speed (mek 5 = o saa surface —— Wind Speed (mis): 15 [ 1 Chemcaily deperstis

«eeese Wind Speed (misk 2 === Wind Speed (s} 10 |

Sea surface temperature: 0 *C

{Blasedd on pour point massomments. of waathaesd, waler-frss of residues.

13- i . ] i c
Flgure 2.03: T?ne Hﬂ:ﬂcpa nt for vterfr i '::f :;;E ia";rpa': j:;?" the AR R, {0°C):and Figure 2.14: The predicted pour point for water-free Alpine Composite at different wind speeds at
winter (0°C) temperatures for ARG NN NePe TERION. the summer (10°C) and winter (0°C) mean temperatures.
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Propaerty: VISCOSITY FOR WATER-FREE OIL

Oll Type: ALPINE CPF 7/23/01 MM3

Description: TBP from SINTEF

Data Source: SINTEF Applled Chemistry (2001), Weathering dats

initlal/Terminal O8 fim thicknesa: 20 mmvY mm
Reloass rats: 1.33 hwiric ione/minute

(¢ Jsinith

20
& 201

Pred, daia: Dec. 08, 2001

—— Wind Spesd (mis): 18

=== Wind Speed (ms): 10
=+ Wind Speed (mva): §

Wind Spesd (mve): 2

Bea surface tamparsture: 0 ‘C

Based on viscosty measurements carried out at a shesr rate of 10 reciprocal seconds.
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Figure 2.15: The predicted viscosity for water-free Alpine Composite for different wind speeds at
the summer (10°C) and winter (0 °C) mean temperatures.
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F Property: WATER CONTENT
Oll Type: ALPINE CPF 7/23/01 MMS
Description: TBP from SINTEF
Data Source: SINTEF Applied Chemiatry (2001), Weathering date

inkisi/Terminal Odl fim thickness: 20 mvt mm
Relesse rate: 1.3 matric tona/minute

(¢ iniey

20
©2001

Pred. data: Dec. 08, 2001

— Wind Spesd (mVa): 15
=== Wind Bpesd (m/a): 10
~- Wind Bpesd (nve): 8
ssenss Wird Speed (me): 2

Bes surface emparsture: 0 °C

100- Y

W creret (%}

Watmr corve (%)

Figure 2.16: The predicted water content in the Alpine Composite w/o-emulisions for different
wind speeds at the summer (10 °C) and winter (0°C) mean temperatures.
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Property: VISCOSITY OF EMULSION G m Property: MASS BALANCE m
Ol Type: ALPINE CPF 7/23/01 MMS Ol Type: ALPINE CPF 7/23/101 MMS

Description: TBP from SINTEF Description: TBP from SINTEF

Data Bource: SINTEF Applied C! Y (3001), Weathering dats | 55, Data Source: SINTEF Applisd Chemistry (2001), Weathering data | 22

Initial/Terminal Ol fim thickness: 20 mm/1 mm Inial/Terminal ON fiim thickness: 20 mav1 mm

Relesas rata: 1,33 metric tona/minute Pred. dete: Dec, 08, 2004 Relssse rale: 1.33 metric tormminute | Pred. date: Dec. 12, 2001
—— Wind Speed (ms): 15 7773 Evaporsed

== Wind Sosed (ms): 10 S350 Surtece

Wind Spaed (may § SN Natursly dspermad

Temperatre: 0 °C  Wind spesd: 2 mis.

ey (P)

)

Vine:sty P)

Deys

Beasd on viacoaily messursments carried out at a shear rate of 10 reciprocs) seconds.

Figure 2.17: The predicted viscosity of the Alpine Composite w/o-emulsions for different wind
speeds at the summer (10 °C) and winter (0 °C) mean temperatures. Figure 2.18: The mass balance for Alpine Composite at the mean winter temperature (0 °C) in the
Alaskan North Slope region at wind speeds of 2 and 5 m/s.
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Property:

: MASS BA

d LANCE
Oll Type: ALPINE CPF 7/2/01 MMS
Desacription: TBP from SINTEF
Data Source: SINTEF Applied C| Y (2001), Weathering data | 2%

InitlalTerminal Qil fim thicknesa: 20 mmv { mm
Relense rela: 1.32 mekric tona/minss
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Figure 2.21: The mass balance for Alpine Composite at the mean summer temperature (10°C) in
the Alaskan North Slope region at wind speeds of 10 and 15 nvs.
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2.5.3 Summary of the Mline Point Unit Of’s weathering properties at sea

Area/block: Alaskan North Slope
Jerry cans marked: MPJ-01 CRUDE OIL

s £ the Milne Point Unit oil bheri .

The Milne Point Unit oil sample were emulsified at arrival. The emulsion were extremely stable
and could not be broken without the addition of an excess of emulsion breaker and heating. The
laboratory evaporation of the oil, that forms the fundament of the weathering studies, could not be
performed on the emulsified oil. Predictions cot uld therefore not be made for the Milne Point Unit
oil.

The Milne Point Unit oil is a heavy naphthenic oil with an approximate density of 0.95g/ml. The
oil seems to be highly biodegraded (i.e. no paraffinic components are present in the Gas
Chromatogram seen in fig C5) The emulsion is extremely stable and can only be dehydrated at
high temperatures and with the addition of a high dosage of demulsifier (approximately 10%).
Dehydration of the emulsion in a mechanical recovery operation could therefore prove difficult.
The water content of the arrived oil was 30-40%.

From previous studies at SINTEF, testing with a weir skimmer has showed poor recovery
efficiency at viscosities above 20.000. A 30% emulsion of the “fresh” Milne Point Unit oil has a
viscosity of approximately 8000 cP at 10°C. A high degree of evaporation is not expected for the
Milne Point Unit oil, but the viscosity will increase with weathering on the sea surface (both
evaporation and further emulsification), and high viscosities could cause problems in a

hanical y operation for the Milne Point Unit oil, particularly at winter conditions.

SINTEEF rec d a non Isified Milne Point oil is supplied if possible, and the weathering
properties are further investigated.
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254 Prediction charts and summary of the North Star Oil’s weathering properties at sea

Sample no : 1.08

Client: BP Alaska
Installation: North Star

Date: 5.6-02

Bottle no.; n/a

Well: NS-08

Test: testl

Time: 21:25

Sample Nature: Atmospheric oil
Sampling point: Separator Qil Line
Sample bottle: Sgallon can

Job no.: NAM 1076

S ¢ the North Star gil’ heri .

The North Star oil is a light paraffinic crude oil, with a density of 0.8155 g/mL. The Nosth Star oil
contains a relatively large t of lower molecular weight compounds and approximately 30 %
of its original volume will evaporate 24 hours after the spill at both summer and winter
temperatures. The wax content of the North Star oil is 5.9 wt%. The pour point for the North Star
oil is very low for a paraffinic crude at —-39°C for the fresh crude.

A viscosity of 1000 cP is considered to be a lower limit for efficient mechenical oil recovery. This
is due to leakage under the oil booms at lower viscosities (Norvik et.al. 1992). The North Star oil
will have viscosities below this limit initially and in a span of time highly dependent on wind and
temperature (e.8. 2 hours for 0°C and 15m/s wind speed, and 2 days for 10°C and 2 m/s wind
speed). During mechanical combat operations loss of oil could be expected within this time-
frame.

No laboratory study is performed to assess the window of opportunity for the use of chemical
dispersants. The natural dispersion, however, will be of significance at high wind speeds. At both
summer and winter temporatures and 15 m/s wind speed the oil slick is expected to vanish from
the sea surface within a day due to natural dispersion. At lower wind speeds the oil could be
persistent on the sea surface for several days.

The prediction charts for the weathering of the North Star oil at sea are given in Figure 2.22 to
Figure 2.27. The mass balance for the North Star oil at the mean summer and winter temperatures
in the Alaska North Slope region at different wind speeds (2, 5, 10 and 15 m/s) are given in
Figure 2.28 to Figure 2.31.
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Property: EVAPORATIVE LOSS

Ofl Type: NORTH STAR o m
Description:
Data Source: SINTEF Applied Chermletry (2001), Weathering dat | 25,

iniial/Tarminal OH fim thicknesa: 20 mmy{ mm
Ralssee rals; 1.33 metric tona/minute Pred. dets: Gep. 13, 2002

m— Wind Speed {m); 18

Sea surface temperature: 0 °C
1

Figure 2.22: The predicted evaporative loss for the North Star oil at the mean summer (10°C) and
winter (0 °C) temperatures for the Alaska North Slope region.
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Description:
Data Source: SINTEF Applied Chemistry (2001), Weathering dat | Z°

IrstialTarmanal O fim thickness: 20 mm/! mm

Property: VISCOSITY FOR WATER-FREE OIL G g]}m
Oil Type: NORTH STAR et
0

Ridaase rate: 133 meiric lons'mnite Prod dete Sep. 13,2002

—— Wina Speed {misk: 15
——= Wind Spod (s} 10
====+ Wind Speed (m/sk 5

Basad on vescouty d cut at & shear rato of TR seconds

Figure 2.23: The predicted viscosity for water-free North Star oil at the mean summer (10°C) and

winter (00 °C) temperatures for the Alaska North Slope region.
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Data Source: SINTEF Applied Chomistry (2001), Weathering dat | 29,

sl Tarmiral O film thechowss: 20 mmv'l mm

Property: FLASH POINT FOR WATER-FREE OIL @ g]@
il Type: NORTH STAR ey

Rolnase rate: 1.33 motn lona/mnute Prod dee: Sep. 11, 2002

—— Wind Speod (més): 16 [ | Mo b hazsed
=== Wind Spead (més): 10 | Fire nazard in tankage (<50 *C)

m=m=s Whnd Speed (mis). 5 B Firo haand at sen surtacn (bekow sea lemporature)
seeess Whnd Speod (mis): 2

Sea surface temperature: 0°C

Flash Pont ("C)

Flash Point [°C)

38

Figure 2.24: The Flash point for water-free North Star vil at the mean summer (10°C) and winter

(0 °C) temperatures for the Alaska North Slope region,
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— Wiind Spead (mis) 15
=== Wind Speed (mis) 10

Sea surface temperature: 0 °C
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Figure 2.25: The predicted pour point for water-free North Star oil at the mean summer (10°C)

and winter (0°C) temperatures for the Alaska North Slope region.
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Property: POUR POINT FOR WATER-FREE OIL m Property: WATER CONTENT G @mﬂ?
Oil Type: NORTH STAR Oil Type: NORTH STAR LS
Description: Description:

Data Source: SINTEF Applied Chemistry (2001), Weathering dat | 20 Data Source: SINTEF Applied Chemistry (2001), Weathering dat | 29,

BnisalTarminal O fim suckness: 20 mmyt mm Anatsal Torminal Oul flm thickness: 20 mm/1 mm

Raieasa e 1,753 matnc lonsmenute Prect. ke Sop. 112007 Roleass rate. 1.33 medrc lons/minute oo afe: Tap 13 2000

—— Wind Speed (mys) 15
=== Wi Speed (ms]: 10
=== VWit Spoad (s §
------ Wnd Spead (mis) 2

Sea surface temperature: 0 °C

Wates confent (%)

Sea surface temperature: 10 *C

40

Fignre 2.26: The predicted water uptake for North Star oil at the mean summer (10°C) and winter

(0 °C) temperatures for the Alaska North Slope region,
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Property: VISCOSITY OF EMULSION G m Property: MASS BALANCE m
Oll Type: NORTH STAR Ol Type: NORTH STAR

Dencription: Description: TBP from SINTEF

Data Source: SINTEF Applied C Istry (2001), Weathering dat ﬁm Data Source: SINTEF Applled Chemistry (2002), Weathering dat :nna

Initiai/Torminal OH film thickness: 20 mnY1 mm Instiak/Tarminal Ol fim tickneas: 20 mmyt mm

Relessa rate: 1.33 metric tons/minuis Pred. daie: Sap, 13, 2002 Raloass rate: 1.33 metric lonsminute Pred. daie: Sep. 13, 2002
— Wind Speed (mia); 18 V777 Evaporated

=== Wind Spead {mve): 10 [B38R Surface

Temparature: 0 °C  Wind speed: 2 mis

Masa (%)

___

Macs (%)

Hours Daye

Baaad on viscosily measursments caried out at @ ahear rate of 10 reciprocal seconds,

Figure 2.27: The predicted emulsion viscosity for North Star oil at the mean summer (10 °C) and Figure 2.28: The mass balance for the North Star oll at the mean winter temperature (0°C) for the
winter (0°C) temperatures for the Alaska North Slope region. Alaska North Slope region at wind speeds of 2 and 5 m/s.
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Deacription: TBP from SINTEF
Data Source: SINTEF Appiled Chemlstry (2002), Westhering dat | 29,

Initiak Tarminal Ol fim thicknesa: 20 mav1 mm
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2.6.1 Prediction charts and summary of the Neptune Field Composite’s weathering
properties at ses

Area/block: VK 826

MMS Structure name: A

Sample date; 14, November 2000
Sample number: DGM 5870
Common field name: Neptune

Field/unit: VK 825

Compeny name: Kerr-McGee

MMS Platform ID: VK 826A

Composite sample from the following API well numbers:
Well A-1 through A-10, A-12st, 825-4, 825-5 and 826-12.

S Fthe N Field C oy heri .
The Neptune Field Composite is a paraffinic crude oil, with a density of 0,869 g/mL. The Neptune
Field Composite contains a relatively large amount of lower molecular weight compounds and
over 30 % of its original volume will be evaporated 24 hours after the spill at both summer and
winter temperatures. The wax content of the Neptune Field Composite is medium (~ 4 wt%). The

fresh oil has a pour point of -9°C and increases with weathering to approximetely 15°C at 8 wind
speed of 10 m/s.

The experimental results showed that the Neptune Field Composite did not form stable w/o-
emulsions. One normally would expect that a crude oil with a wax and asphelthene content similar
to the Neptune Field Composite will form stable w/o-emulsions. SINTEF suspects that
production/process chemica!ls are p t in the oil sample thereby reducing the w/ Isi
process. This suspicion is supported by the un-nosrmal low interfacial tension value measured for
the fresh crude (6 mN/m). SINTEF proposes that MMS inquire if offshore chemicals are present
in this crude oil sample, and that a follow up study of an untreated oil should be discussed based
on the findings.

The viscosity of the Neptune Field Composite only exceeds the lower viscosity limit for an
effective mechanicel response (1000 cP at shear rate 10s™") after 5 days. The viscosity will not
increese drastically with weathering since the Neptune Field Composite does not form stable w/o-
emulsions on the sea surface. The initial spill volume will not increase significently and the
Neptune Field Composite will most likely spread quickly on the sea surface. In a mechanical
clean up operation the Neptune Field Composite may have a significant degree of leakage from
the oil spill boom due to the oils low viscosity (< 1000 c¢P) (Nordvik er.al. 1992), even after
several days of weathering on the sea surface. Chemical dispersion may be a possible resp
operation since the viscosity end pour point of the Neptune Field Composite are low, however,
this was not investigated in this study.

The prediction charts for the weathering of the Neptune Field Composite at sea ere given in
Figures 2.32 to 2.35. The mass bal for the Nep Field Composite at the mean summer and
winter temperatures in the GOM region at different wind speeds (2, 5, 10 and |5 m/s) are given in
Figures 2.36 to 2.40. These figures illustrate that the natural dispersion process of the Neptune
Field Composite is high (at wind speeds above 10 m/s) due to the low viscosity and that the oil
does not form stable w/o-emulsions (i. e. the Neptune Field Composite will have a short lifetime
on the see surface).
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Property: EVAPORATIVE LOSS m
Oll Type: NEPTUNE FIELD COMPOSITE

Description: TBP from SINTEF

Data Source: SINTEF Applisd Chemiatry (2001), Weathering date | 2%,

Inttal/Terminal Ol fim thickness: 20 mm/D.5 mm

Relesse rate: 1,33 matric tora/minuts Pred. date: Sep. 27, 2001

—— Wind Speed (mAs): 16
=== Wind Bpeed (mas): 10
----- Wind Spesd (mh): §
seaset Wind Bpeed (m#): 2

Bea surfase tsmperature: 20 ‘C

Ewporsied (%)

Figure 2.32: The predicted evaporative loss for the Neptune Field Composite at the mean summer
(29°C) and winter (20 °C) temperatures for the GOM region.
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Description: TBP from SINTEF

Irutial Tarmenal Od i thickness: 20 mm/0.5 mm

Property: FLASH POINT FOR WATER-FREE OIL G m
Oil Type: NEPTUNE FIELD COMPOSITE
Data Source: SINTEF Applied Chemistry (2001), Weathering dat | 2%

Fobeases rabe. 1.33 metne lonammds Pred st Sep. 11, 2000

—— Wind Speed (mis). 15 | Nofre hazam

- Wi Spesed (s} 10 17| Firn howzied in tanknge (<60 *C)

—=== Wirdd Speed (mis): 5 B Fro hazard ot sea surface (Doiow sea Wmpenmture)
weeees Wind Spend (mis): 2

Sea surface temperature: 20 °C

L of waer-free ol resdues.

Figure 2.33: The Flash point for water-free Neptune Field Composite at the mean summer (29 °C)

and winter (20°C) temperatures for the GOM region.
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Description: TBP from SINTEF
Data Source: SINTEF Applied CI Y (2001}, W gdata [ 2%

Initial Termirad O Sim thickness: 20 mm/0.5 mm

Property: POUR POINT FOR WATER-FREE OIL m
Oil Type: NEPTUNE FIELD COMPOSITE

Roloise rato: 1.33 metric lonsiminue P, dete: Sep. 27, 2001

— Wind Spoed (mis): 15 | Chamically disporsibla
== Wind Spoed (mis) 10 [ Reduced chermical disporsibllity

o Paet ("}

20 T T
025 05 1 2 B 8 12 1 2 i 4
[ Bays
Sea swface lemperatur: 23 °C

P ot °0)

Basad on pour point measurements of weathered, waler-free ol residues.

Figure 2.34: The predicted pour point for the Neptune Field Composite at the mean summer

(29C) and winter (20°C) temperatures for the GOM region.
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Property: VISCOSITY FOR WATER-FREE OiL

Oll Type: NEPTUNE FIELD COMPOSITE

Dascription: TBP from SINTEF :

Data Source: SINTEF Applied Chemistry (2001), Weathering data

Initlal/Terminal Ol fim thickness: 20 mMO,6 mm
Relsase rate: 1,33 metric tona/miruste

= Wind Spead (m/s): 16
=== Wind Speed (ms): 10

----- Wind Speed (rrve): 5
------ Wind Speed (mva): 2
Gea surfacs temparature: 20 *C
i
3
10000 ‘
i
i
H

Saa surface tampaersture: 29 °C

Basad on viscosky measursments carred out at a shear rats of 10 reciprooal seconds,

—

Figure 2.35: The predicted viscosity for water-free Neptune Fleld Composite at the mean summer
(29 °C) and winter (20°C) temperatures for the GOM region.
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Property: MASS BALANCE

Oll Type: NEPTUNE FIELD COMPOSITE

Description: TBP from SINTEF

Dats Source: SINTEF Applied Chemistry {2001), Westhering dat

InkialTerminal OF film thickneas: 20 miv0.6 mm
Relsase ats: 1.33 metro tonw/minute

(¢ Jsihner

Pred, date: Ot 03, 2001
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Figure 2.36: The mass balance for the Neptune Field Composite at the mean winter temperature
(20°C) for the GOM reglon at wind speeds of 2 and 5 m/s.
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Figure 2.37: The mass balance for the Nep Field Composite at the mean winter te

mea)
(20 °C) for the GOM region at wind speeds of 10 and 15 m/s.
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roperty: MASS BALANCE m
Oll Typs: NEPTUNE FIELD COMPOSITE
Description: TBP from SINTEF
Data Source: SINTEF Applisd Chemistry (2001), W @ daty | Comrion 2001

IinnlalTerminal O fiim thickneas: 20 mm/0.8 mm
Reiesss rute: 1.33 matric tonw/minute Prad, date: Oct, 03, 2001
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Figure 2.38: The mass balance for the Nep Field Composite at th

] e mean summer
temperature (29 °C) for the GOM region at wind speeds of 2 and $ m/s.
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Property: MASS BALANCE

Oll Type: NEPTUNE FIELD COMPOSITE

Description: TBP from SINTEF

Data Source: SINTEF Applled Ch y (2001), Weathering datt

Initial/Torminal Oll fiim thickness: 20 mm/0.8 mm
Release rata; 1.33 metric tons/minute
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Copyright 2001
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Figure 2.39: The mass balance for the Nep Field Comp at the mean summer temperature

(29°C) for the GOM region at wind speeds of 10 and 15 m/s.
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2.6.2 Prediction charts and summary of the High Island Composite’s weathering

properties at sea
Area/block: High Island Block A573
MMS structure name: A
Sample date: December 8, 2000
Sample number: DGM 6013
Common field neme: none
Field name: HIAS73A
Company name: UNOCAL
Well number: A006
AP\ well number: 427094016200

Composite sample from the following API well oumbers:
Well A-1 through A-10, A-12st, 825-4, 825-5 and 826-12,

o

The High Island oil were emulsified at arrival (~15%). Water was removed by leaving the
emulsion at rest for approximetely a month in a 10 litre flask. At this time the oil/emulsion had
formed a gradient with no water in the top layers of the flask increasing to an emulsion of
80%water in the bottom of the flask. The water free upper layer of the flask was used in the
further weathering study. The meso-scale flume experiment, however, was performed on the
emulsion as delivered, and yield supplementary data as input to the OWM.

The High Island oil is a naphthenic crude oil, with a density of approximately 0.85 g/mL. The
High lsiand oil contains medium amount of lower molecular weight compounds and over 20 % of
its original volume will evaporate 24 hours after the spill at both and winter temp .
The wax content of the High Island oil is low (1.6 wt%). and the pour point for the High Island oil
is also low (~16°C for the fresh crude),

Results from the meso scale flume shows that High Island oil form unstable emulsions with low
viscosity. Maximum water content is high at 70%, but observations from the meso scale flume
shows that emulsions dehydrate aimost completely within an hour when left at rest (e.g. in a tenk).

A viscosity of 1000 cP is considered to be lower limit for efficient mechanical oil recovery. This
is due to leakage under the oil booms at lower viscosities (Nordvik er.al. 1992). The High Island
oil will have viscosities below this limit for at least four days of weathering at the sea surface, and
problems with leakage under the boom could be expected during recovery.

No laboratory study is performed to assess the window of opportunity for the use of chemical
dispersants. However, dispersibility testing in the meso scale flume shows fairly good
dispersibility after 3 days of weathering in the flume basin. Natural dispersion is high at high wind
speeds and the slick will have an estimated lifetime of 12 hours and 3 days respectively for 15 m/s
and 10 m/s wind speed. For lower win speeds the slick will be persistent on the sea surface, and
the lifetime will exceed 5 days.

The prediction charts for the weathering of the High Isiand oil at sea are given in Figures 2.40 to

2.44. The mass balance for the High Island oil at the mean summer and winter temperatures in the
GOM region at different wind speeds (2, 5, 10 and 15 m/s) are given in Figures 2.45 to 2.48.
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Deacription:

Property: EVAPORATIVE LOSS
Olt Type: HIGH ISLAND FLUME OATA

Data Source: SINTEF Applied Ch y (2001),

(nitlalTerminal Oll fim thickness. 20 mmv1 mm
Releass rale: 1,33 metric tons/minute

Pred. daw: Jun. 08, 2002

— Wind Speed (m): 16
= Wind Speed (M): 10
----- Wind Speed (M) 8
~~~~ Wind Speed (m/s): 2

Soa purface temparsturs: 28 ‘C
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Figure 2.40; The predicted evaporative loss for the High Island oil at the mean summer (29 °C)

and winter (20 °C) temperatures for the GOM region.
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Property: VISCOSITY FOR WATER-FREE OIL.
Oll Type: HIGH ISLAND FLUME DATA
Oescription:

Data Source: SINTEF Applied Chemistry (2001), Weathering det( | 2%,

Inkiai/Terminat O/l film thickness: 20 mm/1 mm
Releass raie: 1.33 metric lons/minute

— Wind Speed (m/s). 18
=== Yind 8peed (m/s): 10
== Wind Speed (m/s); §
“evese Wind Speed (m/s): 2

Bea surface temparature: 29 °C

Based on viscosity measurements carried out at & shear rats of 10 reciprocal seconds.

Figure 2.41: The predicted viscosity for water-free High Island oil at the mean summer (29 C)
and winter (20°C) temperatures for the GOM region.
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IrutialTaernsnal Cd Sim Sicknass: 20 mmd1 mm

Property: POUR POINT FOR WATER-FREE OIL m
Oil Type: HIGH ISLAND FLUME DATA

Description:

Data Source: SINTEF Applied Chemistry (2001), Weathering dat: [ 29

Rutoase rasn: 1.33 mednc tona/mnuta Frnd. gate: Jun. 05, 2002

| Reduced chemical cispersitality
B Poorty | siowly chermically dapersibie

+evens Wind Speed (mis): 2

Saa surface temperature: 20 °C

Based on pour paint of froe oif residues.
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Figure 2.42:  The predicted pour point for water-free High Island oil at the mean summer (29°C)

and winter (20°C) temperatures for the GOM region,
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MratraliTrrminal Od film thcknass: 20 me't mm

Property: WATER CONTENT G g]}@
Oil Type: HIGH ISLAND FLUME DATA ol
Description:

Data Source: SINTEF Applied Chemistry (2001), Weathering dat | 2%

Roleass rabe. 1.33 mitre lons/mmste Prod aste’ Nov 10, 2002
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Figure 2.43: The predicted water uptake for High Island oil at the mean summer (29°C) and

winter (20°C) temperatures for the GOM region.
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Property: VISCOSITY OF EMULSION m
Oil Type: HIGH ISLAND FLUME DATA

Description:

Data Source: SINTEF Applied Ch Yy (2001), ringdat | 3%,

Inifal/Tarmine/ Oll fm thicknean; 20 mm/t mm

Releass rate; 1.33 melric tona/minute Prod, date: Nov. 10, 2002

— Yl Speed (mVe); 15
=== Wind Speed (we): 10
a==s: Wind Speed (nva). 8
------ Wind Speed (mva): 2

Son surface tamperature: 20 °C

Basad on viscoslty measurements carried cut at a ahasr rste of 10 rediprocsl seconds.

Figure 2.44: The predicted emulsi
and winter (20°C) temperatures for the GOM region.
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Property: MASS BALANCE

Ofl Type: HIGH ISLAND FLUME DATA

Description:

Dsta Scurce: SINTEF Applied Chemietry (2001), Westhering dat
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Figure 2.45: The mass balance for the High Island oil at the mean winter temperature (20°C) for

the GOM region at wind speeds of 2 and 5 m/s.
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A1 The chemical composition of crude olls

Crude oil is a complex mixture of th ds of chemical comp The relative compositions
vary, giving rise to crude oils with different chemical and physical properties. The components
found in crude oil are classified into two main chemical groups, these are hydrocarbons and
heteroatomic organics, see Figure Al.

Hutroatomic
organics

ey ey

Figure Al: The chemical composition of crude oil.

All Hydrocarbons

The majority of compounds in crude oil are hydrocarbons. Hydrocarbons are compounds that
contain carbon (C) and hydrogen (H) and include both saturated and unsaturated molecules in
linear, branched and cyclic configurations. Volatile gases, such as methane (CH.,) as well as
complex molecules containing more than one hundred carbon atoms (C>100) are included in this

group.

Hydrocarbons are further classified into aliphatic and aromatic compounds. The two main groups
of aliphates are paraffins and naphthalenes.

Paraffins

Paraffins include n-alkanes and iso-alkanes aliphatic compounds. The common term for paraffinic
molecules, which consist of more than twenty carbon atoms (C»0), is wax, At elevated
temperatures the wax will be present in solution, however, at lower temperatures the wax can
precipitate. The wax content of crude oils can vary from 0,5 to 50 wi%, however the majority
have a wax content of 2 to 15 wt%.

Naphthenes

Naphthenes are saturated cyclic hydrocarbons with one or more rings. Each ring can have one or
more paraffinic side chains.
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Aromatics
Aromatics are a specific type of unsaturated cyclic hydrocarbons. Benzene, toluene and xylenes
are examples of mono-ring aromatics, naphthal are di-ring ar ics and polynucl

aromatic hydrocarbons (PAH) contain three or more aromatic rings.

Al2  Hetroatomic organics

Hetroatomic organics can, in addition to carbon and hydrogen, in small of sulphur
(S), nitrogen (N), oxygen (O) and trace amounts of vanadium (V) and nickel (Ni). Resins and
asphaltenes are important subgroups of organic non-hydrocarbons,

Carboxylic acids, sulphoxides and phenol compounds are relatively polar compounds classified as
resing. Asphaltenes consist of high molecular weight polycyclic aromatic compounds.

A2 Physical properties of crude oils

The physical properties of specific oils are a result of their chemicai compositions, The most
important physical properties in oil spill scenarios are discussed below.

A21  Density

The density of crude oil normally lies between 0,78 to 0,95 g/mL at 15,5°C. Paraffinic oils have
lower density values, while oils that contain large amounts of high molecular weight aromatic,
naphthenes and asphalthenic compounds usually have higher density values,

A2 Viscosity

The viscosity of crude oil expresses its resistance to flow and is of special interest when pumping
mechanically collected oil. The viscosity of crude oils can vary from 3 to 2000 cP at 13°C. In
comparison water has a viscosity of 1 cP and syrup a viscosity of 120 000 cP at 20°C.

The viscosity is temperature dependent. For liquids the viscosity decreases with increasing
temperatures. Figure A2 shows the variations in viscosity as a function of temperature for various
crude oils and oil products. Viscous crude oils or crude oils that contain wax can exhibit non-
Newtonian behaviour (viscosity varies with shear rate), especially close to or below their pour
point.
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Figure A2: The variation in viscosity as a function of temperature for several crude oils and oil
products. The figure is not valid below the oil's pour points.

The viscosity of an oil increases with evaporation since the heavier, more viscous components
remain. The difference in viscosity for crude oils is approximately 3 to 2000 cP for fresh crude
oils and several hundred/thousand cP far their residues,

Water-in-oil (w/0) emulsions are generaily more viscous than the parent crude oil, this is
illustrated in Figure A3.
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Figure A3: An wple of the viscosity ratlo as a function of increasing water content (Mackay et

al., 1980).

Due to the shear thinning rheological properties, the viscosity of w/o-emulsions will decreese with
increasing shear rate. A w/o-emulsion can therefore flow under turbulent conditions on the sea
surface, but can become more viscous under calmer sea conditions or if washed on shore.
Viscosity me must therefore be made under controlled conditions in the laboratory.

A23  Pour peint

The temperature when an oil ceases to flow when cooled without disturbance under standardised
conditions in the laboratory (ASTM-D97) is defined as the oils pour point. In oil spill clean up
situations the pour point provides important information when determining the efficiency of
various skimmers, pumping rates and the use of dispersion agents.

The pour point is related to the chemical compasition of the parent crude oil, particularly its wax
content. The ASTM Pour Point test is performed under static conditions. Field experience shows
that under dynamic conditions on the sea surface, effects of oil solidification will occur 10-15°C
below the laboratory generated pour points.

The pour point of an oil with e high wax content will increase dramatically with weathering es the
lower weight molecules that contribute in keeping the wax in solution are Jost. The pour point of
oils with high wax contents can reach 30°C, while low viscous naphthenic (highly biodegraded)
oils can have pour points as low as —40°C.

A24  Distillation curve

Distillation curves for crude oils give important information about the relative amount of lighter
compounds in the oil and is therefore fundamental for determining the degree of eveporative loss
after it is spilled on the sea surface. The curve is obtained by plotting the vapour temperature as a
function of the amount of distillate. Figure A4 shows segments of the distillation curves for
selected crude oils.
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Figure A4: Distillation curves for the crude oils tested during the project.

A5  Flash point

The flash point is the lowest temperature at which the gas or vapour generated by heating an ol
can be ignited by a flame. The flash point depends on the proportion of low molecular weight
components. Fresh erude oils normally have a low flash point (from —40°C 1o 30°C).

From a safety point of view flash points are of most significance at or slightly above the
maximum temperature that may be d in or transport. The flash point is an

B

approximate indicator of the relative fire and explosion hazard of an oil.

A rule of thumb says that moving in an oil spill where the flash point of the oil is close to or lower
than the sea temperature implies a fire and explosion hazard. Natural weathering processes like
evaporation and emulsification formation contribute in reducing the potential hazard by increasing
the flash point. There is therefore a relatively shon fire and/or explosion danger in the initial
stages of an oil spill.

In the laboratory, the flash point is measured in a closed :qzstm where there is equilibrium

between the components in the oil and gas. In the field, h . the iuation will
influence the flammability of the air above the slick. For the gas ion will be
high just above the oil film in calm weather and high temp , whereas the concentration will

be low in cold and windy weather due to dilution and transport and a lower degree of evaporation.
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A3 The behavior of crude oil spilt at sea
When a crude oil is spilt at sea a ber of natural take place. which change the

| and the chemical properties of the oil. These natral processes are evaporation, water-in-
mI (w/o) cmu151fl:a1mn oil-in- walcr (o/w) dispersion, release of oil components into the water
ion, oxidation and biodegradation. A term for all of these
natural pmcc.»cs is weathering. The relative contribution of each process varies during the
duration of the spill. Figure A5 illustrates the various weathering processes and Figure A6 shows
their relative importance with time.

Resurfacing of larger oll droplels
Dissalution of waler soluble

compong

Oil-in-water dispersion Adsorption 10 panicies

Microblological
Vaortical diffusion yradation

Horizonial ditfuston
Sedimontation

Uptnke and reteais tram sod imem

Figure AS: The weathering processes that take place when an oil is spilt on the sea surface.
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Figure A6: Weathering processes” relative importance with time.

The weathering of oil depends on the oil type (chemical and physical properties), the weather
conditions (wind, waves, temperature and sunlight) and the properties of the (salinity,
temperature, bacteria flora ete.).

A3l Evaporation

Evaporation is one of the natural processes that helps in removing spilt oil from the sea surface,
The evaporation process starts immediately after the oil is spilled and the evaporation rate
I exponentially throughout the duration of the oil spill.

The d d Is on the chemical ition of the oil in addition to the

¥ F

prevailing weather conditions, sea temperature and the oil film thickness.

The rate of evaporation will vary for different oil types. Light refinery products (e.g. gasoline and
k ) may completely evap after a few hours/days on the sea surface. Condensates and
lighter crude oils can loose 50 % or more of their original volume during the first days after an oil

spill.

The most significant difference caused by evaporation is the loss of volatile and semi-volatile
compounds increases the relative amounts of higher molecular weight compounds. The chemical
and physical properties of the ining oil change, for example the density, viscosity, pour point

and the relative wax and asg [ will i with i d e n,
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Al.2 Spreading

Oil spilt at sea will spread on the sea surface. Spreading is often the dominating process in the
initial stages of an oil spill, however see Figure A6, its importance decreases as the viscosity and
density of the remaining oil increases. The spreading process is also retarded if the oil’s pour
point is 10-15°C below the sea temperature.

Oceanographic conditions (e. g. wind, waves and current) will affect the spreading process. The
il slick will be broken into windrows aligned in the wind direction, see Figure A7, The ol film
thickness of the oil slick will vary, often differing with a factor of several thousand. Past
experience has shown that 90 vol% of the oil spilt will consist of patches of w/o-emulsion with a
film thickness of | to 5 mm that often constitute for less than 10 % of the total oil slick area. The
remaining 10 vol% will cover 90 % of the spill area in the form of a sheen (<1 pm oil thickness).

Tick oil and
waler-in-oil
emulsion (mmn}

Winad

Sheen (< ) Windrows

e

Figuire A7: The spreading of oil spilt on the sea surface and the distribution within the oif slick.

A33  Drift of an oil slick

Prevailing surface currents cause the oil slick to drifi, see Figure A8, Surface currents are
controlled by currents in the water column but will also be influenced by wind speed and
direction. This influence will be about 3% off the wind speed and direction compared to the drift
contribution from currents.
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Figure A8: An illusiration showing how wind and current can influence the drift of an oil slick.
Al4 Water-in-oil (w/o0) emulsion

The formation of w/o-emulsions is one of the major weathering processes that contributes in
keeping oil on the sea surface. A w/o-emulsion has a higher viscosity than the parent crude oil and
the emulsification process will therefore retard/delay the evaporation and the naturat dispersion
process.

The minimum criteria for the formation of w/o-emulsions is the presence of breaking waves (i. .
a wind speed of 5 m/s), however, a slow water uptake can also take place during calmer weather.

Surface active components present in crude oil will promote the formation of w/o-emulsions and
contribute in stabilising the emulsion. These in both hydrophilic and
hydrophobic groups.

{4

The maximum water uptake will vary for different crude oils. Tests performed at SINTEF have
shown that the maximum water uptake is fairly independent of the prevailing weather conditions
as long as the lower energy barrier for the formation of w/o-emulsions is exceeded, however, the
rate of emulsification depends highly on the weather conditions. Previous tests of asphalthenic
oils performed at SINTEF show that the water uptake is in inverse ratio with the viscosity.

The rate of formation of the w/o-emulsion varies for different oil types since it is dependent on the
chemical composition if the oil. A large amount of wax will for instance increase the rate of
formation. Another important factor that influences the rate of formation is the prevailing weather
conditions. Figure A9 shows an example of how the wind speed influences the rate of formation.
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Figure A9: An example of how the prevalling A ditions Infl the rate of the w/o-
emulsion formation for a typical crude oll.

The stability of the w/o-emulsion depends on the water droplet size in the emulsion. Not all of the
water droplets in the emulsion are stabile. The largest droplets may coalesce and settle out of the
w/o-emulsion. Larger water droplets may be reduced in size by the flexing, stretching and
compressing motion of a slick due to wave action. After a period of time the emulsion may only
contain smail water droplets with a diameter of 1 to 10 um, Figure A10 illustrates the effect of
rotation time on the water droplet size in a w/o-emulsion formed in the laboratory.

A

Figure A10: A picture taken with a microscope of the water droplet size in a w/o-emulsion afler
(A) 1 hour and (B) 24 hours in a rotating cylinder.

Another factor that infl the wy/o. Ision’s stability is the amount of surface-active
components present in the parent oil. Resins and asphal have hydrophobic and hydrophili
properties and will concentrate at the interface between the water and oil thereby forming a layer
that stabilises the water droplets. The hydrophobic properties can lead to the concentration of wax
along the water droplets, which further stabilises the interfacial “skin™ layer. The interfacial layer
between the oil and water forms a physical barrier hindering coalescence and will stabilise the
wio-emulsion by hindering the fusion of water droplets. The stabilisation of the water droplets by
asphaltenes and by asphaltenes and wax are shown in Figure All.
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Figure Al1: Stabilization of the interfacial layer between the water and oll in a w/o-emulsion by
wax and asphaltenes.

Qils that contain a large amount of wax and little asphaltenes can form w/o-emulsions that may
appear to be stabile. These w/o-emulsions appear to be stabled by the continuos phase’s
rheological strength (viscosity and elasticity). This strength is due to the wax structure formed by
precipitated wax. Wax stabilised emulsions are characterised by large water droplets and are fairly
stabile when stored, however, they may break when stress is applied and/or when the emulsion is
heated to e. g. 40-50°C.

AlS Ofl-in-water (o/w) dispersion

Natural o/w dispersion will take place if there is sufficient energy on the sea surface, i. ¢. if there
are breaking waves present. The waves will break the slick into droplets typically with a diameter
between | to1000 tm which are mixed into the water masses. The largest oil droplets wil
resurface forming & sheen (see 0) behind the oil slick.

in addition to weather conditions the dispersion rate depends highly on the oil type and can be one
of the main processes that determine the lifetime of an oil slick on the sea surface. The natural o/w
dispersion will gradually decrease since evaporation of the lighter components will increase the
viscosity of the remaining oil.

The purpose of applying chemical dispersion agents is to increase the natural o/w dispersion rate.
When effective chemical dispersion is achieved small oil droplets are formed with a diameter of 5
to 50 um, The dispersion agent reduces the interfacial tension between the water and oil and
promotes dispersion.
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A6 Water solubflity

The water solubility of saturated hydrocarbons (<C,) is very low, while lower molecular weight
aromatic compounds are water-soluble. Within the various types of hydrocarbons the water
solubility d from aromatics to naphth and from iso-paraffins to n-paraffins. In each
series the water solubility decreases with increasing molecular weight.

Evaporation and the release of oil components in to the water masses are competitive processes
since most of the water-soluble components are also volatile. The evaporation process is
approximately 10 to 100 times faster than the dissolution into the water column. The
concentration of soluble oil components in the water column during an oil spill is quite low (<1
mg/L). The dissolution of oil p into the water column does not contribute in removing
the oil from the sea surface. However the water-soluble fraction (WSF) is of great interest since it
has a high bioavailability and therefore the potential to cause acute toxic effects on marine
organisms.

A3.7  Photo-oxidation

Under the influence of sunlight some of the oil components will slowly be oxidised to resins and
eventually asphaltenes. This contributes to the stability of w/o-emulsions and therefore has a large
influence on the oils persistence on the sea surface. The photo-oxidised components will stabilise
the w/o-emulsions. After a long period of weathering at sea, tar-balls can be formed. Tar-balls are
broken down very slowly both at sea and on beaches.

A38  Biodegradation

Theoretically, seawater contains micro-organisms that can break down all types of oil
components. The various micro-organisms prefer specific oil components as an energy source.

Several factors influence the biodegradation rate, among these are temperature, the supply of
nutritive substances that contain nitrogen and phosphor, the oxygen supply, oil type and the
degree of weathering. Bacteria can only degrade oil that is in contact with seawater and is
dependent of the water/oil interface area. The interface area increases as the oil is spread over the
sea surface as a thin layer or by chemical or natural dispersion of oil in the water masses. An area
increase due to chernical and/or natural dispersion will increase the degradation rate in the water
mass to 10 to 100 times the rate at the water/oil interface.

Al9  Sedimentation

Crude oil and oil residues rarely sink into the water masses since there are few oils that have a
dengity higher than water, even after extreme weathering, Oil can, however, sink if sticking to
particular material present in the water masses. The increased density will make oil-soiled
particles sink more readily.
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A3.10 Submersion

Highly weathered oils can temporarity submerge from the sea surface. This can greatly influence
the effectiveness of combating 0il poliution in the marine environment. The oil density and
viscosity in addition to the weather conditions influence submersion. W/o-emulsions have a
higher density value than the parent oil and can therefore submerge more easily.

Appendix B: Experimental Design of the Bench-Scale and Meso-scale
Laboratory Testing

CH661189 MMS OWM Phases 1 and UINTaské T

_olj S-repart 151002.doc LACH661139 MMS OWM Phases (1 and (INTaskd _olj port 151002 doc




@ Sﬂm‘nﬁ} 81

B1 Oil Samples received for the study

SINTEF received two fresh oil samples from the Alaskan North Slope (Endicott and Milne Point
Unit) on the 14™ of November 2000, two fresh oil samples from the Gulf of Mexico (Neptune
Field Composite and High Island Composite) on the 30® of January 2001 and an oil sampte from
the North Slope (Alpine Central Production Facility) on the 15" of August 2001. At 11 of June
2002, the last Alaskan North Slope oil arrived (North Star Qil). These oil samples were supplied
by MMS.

Alaskan North Slope samples

B1.1 Detailed information of the Endicott crude oll sample

Area/block: Alaskan North Slope
Common field name: Endicott
Well number: 133 G-12-00

B1.2 Detafled lnformation of the Milne Point Unit oil sample

Area/block: Alaskan North Slope
Jerry cans marked: MPJ-01 CRUDE OIL

B1.3 Detafled information of the Alpine Central Production Facility ofl sample (Alpine
Composite)

Area/block: Alpine Oilfield

Sample date: July 23, 2001

Composite sample of all of the producing wells at Alpine.

B1.4 Detafled information of the North Star oil sample

Sample no : 1.08

Client: BP Alaska
Instatlation: North Star

Date: 5.6-02

Bottle no.: n/a

Well: NS-08

Test: test]

Time: 21:25

Sample Nature: Atmospheric oil
Sampling point: Separator Oil Line
Sample bottle: 5gallon can

Job no.: NAM 1076
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Gulf of Mexico Oils

B1.5 Detailed information of the Neptune Field Composite sample
Area/block: VK 826

MMS Structure name:; A

Sample date: November 14, 2000

Common field name: Neptune

Fieldrunit: VK 825

Company name: Kerr-McGee

MMS Platform ID: VK 826A

Composite sample from the following API well numbers:
Well A-1 through A-10, A-12st, 8254, 825-5 and 826-12

B1.6 Detafled information of the High Island Composite

Area/block: High Island Block A573
MMS structure name: A

Sample date: December 8, 2000
Common field name: none

Field name: HIAS73A

Company name: UNOCAL

Well number: AQ06

API well number: 427094016200

B2 Test temperatures

The temperatures chosen for the bench-scale laboratory teating are:

Endicott: 10°C
Milne Point Unit: 10°C
Alpine Composite: 10°C
North Star 10°C
The Neptune Field Composite: 23°C
High Island Composite: 23°C
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B3 Bench-scale laboratory testing

In order 1o isolate and map the various weathering processes that take place when an il is spilled

on the sea surface, the weathering of the oils is carried out using a sy ic, stepwise pr
developed at SINTEF (Daling er af., 1990). The hering isill { in Figure BI.
Evaporation
| Crdocl 150°C+ 200°Ce 2650°Ce
() == e e

... e
ll. e
¥

Figure Bi: Flow chart for the bench-scale laboratory weathering of a crude oil,

Emulsitication with water

B3.1 Evaporation

Evaporation of the lighter components from the fresh crude oil is camried out according 10 a
modified ASTM-DR6/82 distillation procedure (Stiver and Mackay, 1984). The fresh crude oil is
distilled, in a simple one step distillation, to a vapor temperature of 150, 200 and 250°C. This will
give oil residues with an evaporation loss typically corresponding to 0,5-1 hour, 0,5-1 day and 2-5
days of weathering of an oil slick on the sea surface. These residues are referred 10 as 150°C+,
200°C+ and 250°C+ respectively.

B3.2 Water-in-oil (w/o) emulsification

The procedures used in the w/o-emulsification studies are described in detail by Hokstad er al.,
1993,

The wio-emulsification of the fresh crude oil is carried out based on the rotating cylinder method
developed by Mackay and Zagorski, 1982. Oil (30 mL) and seawater (300 mL) are rotated (30
rpm) in a separating funnel (0,5 L), see Figure B2, The Isification kinetics are mapped by
measuring the water content at fixed rotation times. The maximum water content is determined
after 24 hours of rotation,
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Figure B2: Principle of the rotaning cvlinder method,

To test the effectiveness of the emulsion breaker Alcopol O 60 %, two dosages (500 ppm and
2000 ppm relative to the oil volume) were added drop wise 1o the w/o-emulsion. After a contact
period of 5 minutes and a rotation time of 5 minutes (30 rpm). the treated emulsion stood for 24
hours before the of water drained from the Ision was determined.

The distilled residues were emulsified with 50 vol% and 75 vol% water in addition to the
maximum water content w/ Ision. Four parallel runs were performed to map the w/o-
emulsion kinetics and two of the parallel runs were performed with the addition of Alcopol O
60%. Several physical and chemical properties of the twelve weathered samples (see Figure BI)
were determined. A detailed description of the various analyses is given in B3.3.

B3.3 Physical and chemical analysis

The viscosity, density, pour point, flash point and interfacial tension of the water free residues and
wio emulsions were determined. The analytical procedures used are given in Table Bl.

Table B1: 5 v of the analytical methods used in the determination of the physical
properties.

Viscosity McDonagh et al., 1995 Physica MCR 30

Density ASTM method D4052-81 Anton Paar, DMA 4500
Pour Point ASTM method D97 -
Interfacial tensi De Nouy Ring method Kruss tensiometer
Flash point ASTM D 56-82 Pensky-Martens, PMP1, SUR

The wax content and “hard™ asphaltene content will be determined using the analytical procedures
given in Table B2.
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Table B2: Summary of the analytical methods used in the determination of the chemical
properties.

Wax Brdié et al., 1980
| “hard” asphaltene | 1P 234/84 |

B4 Meso-scale laboratory testing

In the bench scale testing the oils are distilled and emulsified in separate processes. In an oil spill

ion at sea these p will occur simultaneously and affect each other. It is therefore
important that the mls are weathered under realistic conditions when studying how the oils
behaviour when spilled on the sea surface.

A meso-scale flume basin (Singsaas er al., 1993) located at SINTEF is routinely used to study the
weathering processes simultaneously under controlled conditions. The experimental data obtained
from the meso-scale testing provides a link between the bench scale testing and field trials and is
important input in the OWM. In this study a meso-scale flume basin experiment is therefore
performed as a supplement to the limited bench scale study to be conducted on the heavily
emulsified High Island oil sample.

B4.1 Description of the meso-scale Mume

Approxi Iy 1,7m' in the 10 meter long flume. The flume is located in a
conditioning room (20°C - 50°C). To fans (3) placed in a covered wind-tunnel allow various wind
speeds. The evaporation- and emulsification rate is calibrated to simulate a wind speed of 5-10
m/s. A schematic drawing of the flume is given in Figure B3.

4m

1. Wave penerator
2. Photolysis (sun-lamp)

3. Wind-tunnel
4. Sub-surface sampling

LTS —————y
Figure B3: A schematic drawing of the meso-scale flume.
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B4.2 Oil weathering in the meso-scale Mlume

The emulsified oil sample (10 L) is carefully released on the water surface. The oil is weathered
for a total of 72 hours. Surface oil residue, w/o-emulsion and subsurface water samples are taken
after 0 min., 15 min., 30 min., |1 hour, 2 hours, 3 hours, 4 hours, 5 huu:s.éhours I2 hours, | day.

'

2 days and 3 days of weathering. The following physical prog are d

- water content

- wiscosity

- density

- evaporation loss

B4.3 In-situ chemical dispersion

After 72 hours of weathering in the Mume the dispersion agent Corexit9500 is sprayed onto the
wio-emulsion, see Table B3, where

DOR is the dispersion agent to oil ratio
DER is the dispersion to w/o-emulsion ratio

Table B3: The application time and amount of the dispersion agent Corexit 9500,
> l 5 [ a
3 ‘_
72 56 0.9 [ 0.3

Water samples are taken 3 min., 10 min., 30 min. and 2 hours afier the dispersion agent is applied
in order to determine the effect of the dispersion agent in addition to observations of the surface
film and w/o-emulsion.
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C1 Bench-scale laboratory testing

In this chapter the experimental results obtained for Endicott, the Nep Field C
Alpine Composite and the North Star oils in the bench-scale laboratory testing are presented and
compared.

The Milne Point Unit and the High Island oil samples were emulsified on arrival. A standard
bench scale weathering study of these two oil samples could therefore not be performed. Both

ples have water well above the safety limit for the laboratory distillation of crude oils
enabling the artificial weathering of the oil samples.

The High Island Oil was emulsified on arrival at SINTEF. Three phases were formed after
allowing the w/o-emulsion to settle for several weeks. A dark brown oil phase (water content less
than 1%), a light brown phase (water content approximately 10%) and a water phase. The upper
water free layer were “artificially” evaporated (described in B3.1), and used for obtaining data on
the physical and chemical properties of the water free residues of the oil upon weathering. A meso
scale experiment were performed to obtain data on the properties of the emulsions formed in a
weathering situation.

The Milne Point Unit sample was an extremely stable emulsion and water could only be separated
from the sample after an excess of emulsion breaker (approxi ly 10% of Alcopol O 60 %) was
added to the sample, and the mixture were heated. The water content of the sample did not
increase using the rotating cylinder method. A meso-scale laboratory study was not regarded
appropriate for obtaining more information about this sample.

C1.1 Chemical composition
C1.1.1 Gas chromatographic analysis

Fresh samples of Endi the Alpine Composite, the Nep Field Composite, the North Star
and their evaporated residues (150°C+, 200°C+ and 250°C+) were anslysed by a gas
chromatograph with a flame ionisation detector (GC-FID). The gas chromatograms are given in

Figure C1-C6.

The components with the lowest boiling points are seen first in the chromatogram. Some of the
more complex components, e.g. resins, NSO-comp and naphth are difficult to separate
using this analysis technique and are seen as a broad, poorly defined envelope. This is described
as Unresolved Complex Material (UCM). The n-alkanes are seen as systematic, narrow peaks
protruding the UCM envelope. Heavier compounds (>C.) cannot be analysed by this technique.

From the gas chromatograms given in Figures C1-C6 it can be seen that Endicott, the Alpine

posite, the N Field Composite and the North Star have paraffinic peaks protruding the
UCM envelope Endxcon contains fewer lower molecular weight components and has a larger
UCM envelope than both the Alpine Composite and the Nep! Field Composite that is therefore
the heaviest of the three oils.

The Milne Point Unit's chromatogram (Figure C5) differs from the others in the total lack of n-
alkane peaks. This indicates a high degree of biodegradation.
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Gas chromatography is an important tool in identifying oil spills due 1o the diversity of the n-Cyy

and pristane and n-C x and phytane ratios for different oil types. The ratios for Endicott, the

Alpine C and the North Star ol are given in Table C1.

the Neg

Field C

89

Table Cl: nC:/Prisiane and nC/Phytane ratios, calcwlated from peak height, for Endicon, the

ite andl the North Star.

Alpine Ce Field Ci
Endicout 2.0 2.8
Nef Field Composite 23 34
Alpine Composite < 3
North Star 24 3.
High Island Composite 14 1.7
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Figure Cl: Gas chromatogram for fresh Endicott and it s evaporated residues.
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Figure C2: Gas chromatograms for the fresh Alpine Composite and its evaporated residues.
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Figure C3: Gas chromatogram for the fresh Neptune Fleld Composite and it's evaporated
residues.
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Figure C4: Gas chromatogram for the fresh High Island Composite and the 250°C+ residue.
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Figure C5: Gas chromatogram for the fresh Milne Point Unit ofl.
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Figure C6: Gas chromatogram for the fresh North Star oil and it’s evaporated residuwes.
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Cl1.1.2 Asphal and wax

Wax and asphal are imp par for water uptake ability and w/o-emulsion
stability. The (“hard™) asphaltene and wax content of Endicott, the Alpine Composite and the
Neptune Field Composite and their evaporated residues are given in Table C3.

C1.1.3 Classification of the il samples

From the experimental results all the erude oil sample, but the Milne Point Unit and the High
Island Composite are classified as paraffinic crude oils. Endicott is the heaviest of the paraffinic
oils with an asphaltene content of 1.6 wi% and a wax content of 5,5 wi%. The Alpine Composite
has the lowest asphaltene and wax content of the three oils. The Neptune Field Composite
contains a large amount of lighter weight compounds and has a relatively low asphaltene content
(0.3 wi%).

Milne Point Unit is a heavily biodegraded heavy crude oil. Information obtained from the
chromatogram indicates a low wax content. The extreme stability of the emulsion could indicate a
high amount of asphaltenes.

The High Island oil is also biodegraded but not to the same degree as the Milne Point Unit oil.
C1.2 Physical properties

C1.2.1 Evaporative loss

Endicon, Alpine Composite, Nef Field C and North Star were distilled 10 a vapour
temperature of 150, 200 and 250°C. The volume percent evaporated during the distillation is
given in Figure C7

60
BIS0°C+

- 50 W200°C+
= 0250°C+
[=]
2 40 —
Z
=
o 304 — — —
z
Eaf — : :
g
ie

10 4

04 —— T ™

Endicott Alpine Neptune Ficld Composite North Star
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Figure C7:  Evaporative loss of Endicott, the Alpine Composite ,the Neptune field ¢

and the North Star crude oils.

Endicott contains a larger amount of higher weight compounds and the volume spilled on the sea
surface will decrease slowly. The Alpine and North Star oils have a high amount of lighter
components, and evaporative loss will yield great changes in physical properties for the oil.

C1.2.2 Density

The density of Endicott, the Alpine Composite the Nep Field C
their evaporated residues are given in Figure C8.

posite, the North Star and

095
0.93
__ 091 -
E
= 0,89 4
Fd
B 0871
a -
0,85 - i
== Alpine
Neptune Figld Composite
0.83 ~x—North Star
081 T T T
Fresh 150°C+ 200°C+ 250°C+
Oil residue
Figure C8: Density of Endicott, the Alpine Composite and the Neg Field Composite and

their evaporated residwes at 15.5°C.

The densities of the water free oil residue increase with evaporation, see Figure C8. Fresh
Endicort has the highest density of the three crude oils indicating that it contains fewer lower
weight molecules and a larger of heavier compounds than the others do. The North Star
crude oil is the lightest of the four crude oils. This is in agreement with the results obtained from
the GC analysis and the evaporation data (see chapters C.1.1 and C1.2).
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C1.2.3 Pour Point

The pour points of fresh Endi the fresh N
evaporated residues are given in Figure C9.

P Field Composite, the North Star and their

20 A

o
<
E o0
-] L
E=4 E
= E e re————
g r | = Endicott |
= E | === Alpine

=20 + ] Neprune Field Composite

: oo Norh Sur
-0 + T T " i
Fresh 150°C+ 200°C+ 250°C+

Oil residue

Figure C9: Pour points of Endicots, the Alpine Ci
and their evaporated residues.

posite and the Ney Field C

:

The Alpine Composite and the North Star oil have the lowest initial pour points at —18°C and -
39°C respectively. The low pour points are due to high amounts of light components in the oils,
keeping heavier comp as wax in solution. Upon evaporative loss the chemical composition
changes, and as e.g. wax is allowed to precipitate the pour point is getting higher. As the Alpine
and North Star oils have the greatest evaporative loss of the four, they also display the greatest
change in pour point with evaporation.
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C1.2.4 Viscosity

The viscosity of the fresh crude oils and their evag I resid {at shear rate 105 is
given in Table C2.

Table C2: Measured viscosity for fresh Endicott, the Aipine Compaosite, the North Star, the
Neptune field Composite and The High Island Composite.

f“;:-!J_f'J-‘- = =T I 1 Sulv
Iu. L ‘:lr?% : Ny ;l'\lﬂn' 13 B
510 6
Endicon 840 9
10°C 1 630 15
5150 18
z 100 -1%
Alaskan North | . Alpine 120 X
Slope P 840 9
e 1 160 18
10 -39
North Star 45 -9
10°C 380 3
2272 18
Nep 10 9
Field 150°C+ 50 (1]
Composite | 200°C+ 110 3
Gulf of 23°C 250°C+ 300 9
Mexico High Fresh 23 -36
Island - -
Composi - )
23°C 250°C+ 83 -15

As the more volatile components are lost by evaporation, the viscosity of the remaining residue
will increase. This is seen in Table C2 for all five crude oils.

The viscosities of Endicon 150°C+, 200°C+, 250°C+ , Alpine Composite 250°C+ and North Star

250°C+ were measured close or below their pour points and the values obtained are therefore
quite high.
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C1.2.5 Flash point

The flashpoint of the fresh crude oils and their evaporated residues were determined and are given
in Table C3.

C1.2.6 Interfacial tension

The interfacial tension of the fresh crude oils and their evaporated residues were determined and
are given in Table C3.

The experi | results showed that the Nep Field Composite did not form stable wio-
emulsions. One normally would expect that a crude o1l with a wax and asphaltene content similar
to the Neptune Field Composite will form stable w/o-emulsions. SINTEF susg that production

chemicals are present in the oil sample thereby reducing the w/o-emulsion process. This suspicion
is supported by the low interfacial tension value measured for the fresh crude (6 mN/m). SINTEF
proposes that MMS inquire if offshore chemicals are present in this crude oil sample and that a
follow up study be discussed based on the findings.
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Composite and the North Star. The viscosities for Endicott, the Alpine Composite, the North Star, the Neptune Field Composite and the High

A summary of the physical and chemical variables for Endicott, the Alpine Composite and the Neptune Field Composite, The High Island
Island Composite and the were measured at 10°C, 10°C, 10°C, 23°C and 23°C respectively.

Table C3:

5 o ® SINTEF 102
2hFlernea858 28 8axzg, . 3
’%E%’_‘“ﬂ""ddd gg%%ccoeg P
<
C1.3 W/o emulsion properties
% ;"—,‘ "'ﬂ e mvaagnjomne Tn—waly e The formation of w/o-emulsions on the sea surface delay the evaporation and the natural
& 8 E"’ WS S|Mm M T 0 e 00 "‘WM i i dispersion weathering processes increasing the lifetime for the oil on the sea surface. When
< determining the most effective plan of action after an oil spill it is important to know the
ing 2 p po}
emulsifying properties (e.g. the rate of formstion and stability) of the oil that has been spilled.
Z e “
ﬁ b % SRAQERRNARIRe oo 02 C1.3.1 W/o-emulsion rate of formation
< &
R
The rates of formation of the Endicott, the Alpine Composite, the Nep Field Composite and
- the North Star w/o-emulsions were mapped using the rotating cylinder method (Mackay, 1982) at
=]
Ry S . ale o o 10°C, 10°C, 23°C and 10°C respectively. The kinetics of formation are expressed by the ;-
g VeV RmeNGRR S s 29[ values, which is the time (in hours) it takes for the emulsions to reach half of their maximum
é water content, The calculated t;,-values for Endicott, Alpine Composite, the Neptune Field
Composite and the North Star are given in Table C4.
g\_ - The maximum water of the Endicott w/o Isions is quite high (all are above 50%). The
S, e § Q g 8= A § ongfle 2S8m . .1 rate of formation is relatively slow, after approximately 10 hours the Endicott emulsions have
§ =G R e o IR R —- reached their maximum water content. A slow rate of formation is typical for crude oils with
> high asphaltene content.
B The maximum water content of the Alpine Composite w/o-emulsions is high (all are abave 80%).
— ™ o , The rate of formation is relatively fast, after approximately 30 minutes the Alpine Composite w/o-
2“8‘ CARRTTAZRANIT ST e P emulsions have reached a water content above 50 vol%.
(=3
4 §
E The Neptune Field Composite w/o-emulsions contain little water (all water contents are below 10
2 vol%). The rate of formation is fast, after approximately % hour the emulsions have reached their
29— Tt 00O Y =@ - o ¥
g ﬁ’q-g E § § § MR ER § 222 5 A maximum water content. These w/o-emulsion were not stable, see C1.3.2.
£2~d°dsdddddedodddsd S| §
5 The North Star oil has a fast initial water-uptake and reaches 45% within 10 minutes. The water
[ } content gradually increases to a maximum water content of 70-80%.
2 '
" M w -
ﬁ 2\5 222382238 L 8gx=r@. 8 g The fast emulsification rates are typical for the Alpine Composite and the North Star oil is typical
o= k for paraffinic crude oils
Z_] 3
gxX ~na )
%i awﬁi‘_cﬁ}Sc:aso:micn-m E
] 2
1
EEE P ER EEE PR :
ERBRERSRERERCRR RS 3
E‘: 3 P 8 £ 2 3
e § | 42| 3 |JEp|sEt :
< i Il 3
« 5] Z g S £
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Table C4: The calewdated ty2-values and the maximum water content for Endicon, the Alpine
Compusite, the North Star and the Neg Field Composite w Isions at 10°C,
10°C, 10°C and 23°C respectively.

o L . v
Endicon 150°C+ 0,6 82
200°C+ 1,2 79
250°C+ 28 64
Alaskan Alpine 150°C+ 0,1 80
North | Composite | 200°C+ 02 80
Slope 250°C+ 0.5 80
North Star | 150°C+ 0.1 68
200°C+ 0.14 69
250°C+ 0.09 83
Neptune 150°C+ 0,1 6
GOM Field  [00°C+ | 02 8
Composite | 25090+ 0.1 7

C1.3.2 Stability of the w/o-emulsions and the effect of an emulsion breaker

Unstable w/o-emulsions may dehydrate at storage or upon mechanical influence (e. g. stirring or

pumping). Stable Isions, on the other hand, increase the volume that has to be collected
uonswicmbly Thls can glve ge probl Responding boats are therefore recommended to

have an | ilable and it is imy to know its effectiveness. A reduction of
the water content in a w/o-emulsion from 80 to 20% will d the voll of the Ision 4

times. One of the most common emulsion breakers is Alcopol O 60% (Ross, 1986),

From the experimental results the fractional dehydration factor, D, is calculated using equation
C-1.

- WOR, —WOR, e
WOR

where:

WOR,o; = Volumelric water-to-oil ratio in the emulsion after 24 hours rotation
WOR, = Maximum volumetric water-to-oil ratio in the emulsion after 24 hours rotation
and x hours settling

The fractional dehydration value lies between 0 and 1. An emulsion is defined as totally stable if
no water is separated from the emulsm'n during a 24 hour seulmg penod (D = 0) and an increasing
D means reduced stability after the of an 1

PP

The calculated fractional dehydration factor for the Endicott, the Alpine Composite and the North
Star w/o-emulsions with and without application of Alcapol O 60% are given in table C6.
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Table C3: The caleulated fractional delvdration of the Endicow, the Alpine Composite, and the
North Star w/o-emulsions with and without the application of Alcapol O 60% (500 ppm
and 2000 ppm) after 10 min settling and 24 hours settling with and withowt rotation at

0.

150°C+ 0 0

200°C+ 0 o1 0.1

250°C+ 0 0

. 150°C+ 02 0.2
Endicou 200°C+ 500 02 04
250°C+ 0,3 0,3

150°C+ 1.0 1.0

200°C+ 2000 1.0 1.0

250°C+ 0.7 0.9

150°C+ 1.0 1.0

200°C+ 0 0 0

250°C+ 02 0.2

Alpine 150°C+ 1.0 1.0
posite | 200°C+ 500 093 093
250°C+ 0,93 0,93

150°C+ 1.0 10

200°C+ 2000 1.0 1.0

250°C+ 1.0 1.0

150°C+ 0 0

200°C+ 0 0 0

250°C+ 0 0
150°C+ 0,82 0,82
North Star | 200°C+ 500 0.89 0,89
250°C+ 0,90 0,90
150°C+ 092 092
200°C+ 2000 09 0,92
250°C+ 097 0,97

haltene and wax in End.tcnll stabilise the w/o- emulsum by preventing the fusion of
walter dmplr.« In order to effectively dehydrate the Endicott w/o. when using Alcopol

O 60%, 4 minimum dosage of 2000 ppm ahcuId be applied in an oil spill situation, This will
enable an effective dehydration of all of the Endicott w/o-emulsions.

The wax content and asphaltene content m u-.:: Alpine Composite oil sample is quite low,
however, the relative of these with weathering. This will
increase the stability of the w/o-emulsions formed. In addition the increase in viscosity of the
continuous phase (especially the 200°C+ and 250°C+ residues) decreasing the diffusion of water
droplets will lead to a more stable w/o-emulsion. A dosage of 500 ppm Alcopol O 60% will
dehydrate emulsions of the Alpine Composite oil to a water content of 6%, which should be
sufficient for most practical purposes. A total dehydration demands a higher ratio of demulsifier.
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The expen | results showed that the Ney Field Composite obtained a water
below 10 %, however, these w/i Isions were pletely dehydrated afier a settling period of
24 hours. The initial spill volume of the Ney Field Composite will not i significantly.

One normally would expect that a crude oil with a wax and asphaltene content similar to the
Nepluue Fleld Composue will form stable wfo—emulsmns SINTEF suspects that production-

als are p in the oil le thereby reducing the w/o-emulsion process. This
ls supported by the Jow :nmerfac:lal tension value meas,ured for the fresh crude (6 mN/m), and as
mentioned earlier, a follow up study is recommended.

The North Star crude has a low asphaltene content, but will form emulsions stabilised by the high
wax content of the oil. Emulsions of the North Star oil is dehydrated to a water content of
approximately 7% at an emulsion/demulsifier rate of 500ppm. For further dehydration of the
emulsion a higher dosage (e.g. 2000ppm) will be needed.
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C1.3.3 Viscosity of the w/o-emulsions

The viscosities of the Endicott and the Alpine Composite w/o-emulsions with different water

contents were measured at 10°C, the results are given in Table C6. The viscosities measured are

used as inpul to the SINTEF Oil Weathering Model. Emulsification of Endicott will cause a

dra.mnt:c increase in viscosity. The viscosity of the Alpine Composite w/o-emulsion could not be
d due to the Ision's bility.

Tahle C6: Viscosities of the Endicon and Alpine Composite w/o-emulsions (0 vols, 50 vol®,
75 vol®s and maximum water content) measured at 10°C.

150°C+
200°C+ ] 1 630
250°C+ 5 150
150°C+ 1 530
| 200°C+ | 50 3330
" 250°C+ 7910
Endicott 1505 6240
200°C+ 73 12 200
250°C+ -
150°C+ 82 (max} 15300
200°C+ 79 (max) 21 400
250°C+ 64 (max) 2| 700
150°C+ 120
200°C+ o 40
250°C+ 1 160
130°C+ 120
200°C+ 50 920
Alpine 250°C+ 2940
Composit 150°C+ 780
200°C+ 15 2970
250°C+ 7130
150°C+ -
200°C+ 80 (max) 5960
250°C+ 11 700
150°C+ 45
200°C+ 0o 380
230°C+ 272
150°C+ 305
200°C+ 50 405
250°C+ RE2
North Star 150°C = oy
200°C+ ] 1034
250°C+ 1967
150°C+ 68 421
200°C+ 69 RS0
250°C+ 83 752

- measurement not possible
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C2 Meso-scale laboratory testing of the High Island Composite

In this chapter the experi | results obtained for High Island oil in the meso-scale laboratory
testing are presented. The High Island oil were emulsified at arrival SINTEF. The emulsion was
difficult to break, and thus the untreated emulsion were used in the meso-scale laboratory test.
The experimental test temperature was 23°C. Results from the meso scale experiment are given in
table C8.

C2.1 Visual observations

The High Island Composite oil sample spread quickly after its application to the water surface in
the flume (Figure C14), an estimated 80-90% of the water surface was covered with oil within one
hour. The formation of a w/o-emulsion could be observed during the first hour after application of
High Island Composite.

An increase in the viscosity of the w/o-emulsion was observed throughout the experimeat. The
surface w/o-emulsion samples taken 5 hours after application of High Island Composite were
dchydrated after a one-hour settling period, indicating the instability of the w/o-emulsion formed.
The w/o-emulsion formed after 6 hours weathering is seen in Figure C15

Figure 16 shows the w/o-emulsion formed after 3 days of weathering in the flume. The w/o-
emulsion formed after 3 days of weathering has a darker colour and has become more viscous.
Immediately after the first application of dispersant the w/o-emulsion was dehydrated (Figure
C17) and after 10 minutes most of the surface oil had dispersed (Figure C18). A second dispersant
application was therefore not necessary.
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C2.2 Evaporation

The evaporation results obtained in the meso-scale laboratory testing of High Istand oil are
d and compared with the predicted evaporation results from the SINTEF OWM in Figure

P!
C10.
: EVAPORATIVE LOBS 0 SINTEF
Off Type: HIGH ISLAND PLUMR DATA
Oescription:
Data Source: SINTEF Appiled Chemistry (2001), Westhering data used .

ket Torminal OF fim thickness: 20 vt me
Relsase rate; 1.53 metric lonwminute Prod dote: Jun. 16, 003

Figure C10: The evaporation results obtained for High Island Composite in the meso-scale
laboratory testing and the predicted results from the SINTEF OWM,

Predicted evaporative loss is in good accordance with results form the meso scale flume,
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C2.3 W/o-emulsification

The w/o Isification results obtained in the meso-scale laboratory testing are plotted with the
predicted results from the SINTEF OWM in Figure C11 to Figure C12.

C2.2.1 Water uptake

Property: WATER CONTENT 0 SINTEF
Ol Type: HIGH ISLANO FLUME DATA

Description:

Dsta Source: SINTRF Applied Chemistry (2001), Weathering data used .

inidalTerminal Of) im thicknass: 20 mavi mm
Rakass raw: 1.33 metric Dnwminue

Pras. date:Nov. 10,2002

—— wing S0eed (mA): 18
== Wind Speed (mA): 10
----- Wing Speed (mA): 3

Sea surface temperature: 23 'C

Wate content (%)

Figure Cll: Predicted water uptake for High Island Composite and the resulls obtained from the
meso-scale laboratory testing.

The water uptake observed in the meso scale flume experiment is used as input to the OWM. As
shown in figure C11, the predicted emulsification rate correlates with the results from the flume
experiment.
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C2.3.2 Stability of the w/o-emulsions

The surface w/o-emulsion semples taken 5 hours after application of ngb Island Composite were
dehydrated after a one-hour settling period, i ing an bl An i in the
stability of the w/o-emulsions, however, was obsarved throughout the experiment.

C2.3.3 Viscosity of the w/o-emulsion

Viscosities of the emulsion formed in the meso scale flume is compared to predicted viscosities in
figure C14. As results form the reso scale flume experiment are used as input to the OWM, good
correlation is expected between predicted and measured values. Evaporation- and emulsification
rates in the meso scale flume is calibrated to simulate weathering conditions at 5-10m/s wind

speed. M d viscosities are in good d with predicted values in this wind speed
interval,
Property: VISCOSITY OF EMULSION @ SINTEF
Ol Tyou: HGH ISLAND FLUME DATA

n
Data .:':;r SINTEF Appiled Chamistry (2001), Weathering data used o

IntiglTarminal OF lim thickness: 20 mav'1 mm
Raisass raw: 1.33 meric mea/minum

Prod. caw: Nov. 10, 2002

= Wind 3080 (ma): 18

Viscosty {cP)

Figure C12: Predicted viscosity of the High Island Composite w/o-emulsions and the resulls
obtained from the meso-scale laboratory testing.

1VCH661189 MMS OWM Phases Il and 111\ Taakd dm\R s sport 131002.doc




@ SINTEF s

C2.4 In-situ chemical dispersion

In xitu chemical dispersion of the surface emulsion was performed on the High lsland oil after 3
days of weathering in the meso scale flume. The efficiency of the dispersant on the emulsion was
tested by analysing the concentration of dispersed oil in sub surface water.

At the application of the dispersant the emulsion were quickly dehydrated from approximately
T0% 1o a water content of 10%. As the water content ds fad in viscosity were
visually observed (to little surface oil for measurements). Analysis of the sub surface water in the
meso scale flume shows a high dispersibility compared to other oils tested in the lume, and
emulsions of the high Island il is probably dispersable for at least 3 days in an oil spill situation.
Re-emulsification of the surface oil were slow and a second dispersant application were not
thought to be necessary.

C2.5 Mass balance

The main elements in a mass balance for a crude oil spilt at sea are:

- Evaporative loss
- Surface oil
- Dispersed oil

However, the initial sample and water volume in the flume is reduced throughout the test,
therefore the following parameters must taken into consideration:

- Amount of oil sampled
= Amount of water sampled
- Amount of oil adsorbed to the flume walls

The amount of oil evap 1, disy 1and pled was calculated, and the oil adsorbed to the
flume walls was estimated. Table C7 shows the mass balance for High Island oil during
weathering in the meso-scale flume at 23°C.

Tahle C7: Mass balance for High Island Composite during the meso-scale laboratory test at

23%C.
of dispersant (%)
Evaporated 352
Oil on water surface 30.7
Dispersed ! 26.3
Sampled amount of oil 2.6 2.8
Adsorbed 1o the flume walls 5.0 5.0

The mass balance for High Island Composite during the meso-scale laboratory testing was
predicted by the SINTEF OWM at 23°C and is given in Figure C13
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Figure C13: Mass balance for High Island Composite in the meso-scale laboratory test at 23°C.

Figure Cl4: High Island Composite 30 minutes after application in the meso-scale flume,
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Figure C15: High Island Composite 6 hours after application in the meso-scale flume.

Figure C16: High Island Compasite 3 days after application in the meso-scale flume.
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Figure CI7: High Island Composite immediately after application of dispersant in the meso-scale
Nume.

Figure CI18: High Island Composite 10 minutes after application of dispersant in the meso-scale
fume.
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Table C8 Results from the meso-scale flume testing of the High Island Composite at 23°C

Emulsion Walerfree residue
Sample | Time | Water content Viscosity  |Evaporative loss| Dispersed oil
(hours) (vol?%) (cP) (Wi%) (W1%)
0 0.0 0 23 0 0
1 0.25 13 43 13 3.3
2 0.50 31 230 15 3.0
3 1.00 19 185 17 3.0
4 2.00 38 220 19 3.0
5 3.00 38 345 21 3.0
6 4.00 66 370 21 3.0
7 5.00 69 450 22 3.0
8 6.00 75 510 23 3.0
9 12.0 75 345 26 3.0
10 24.0 68 675 33 3.0
1 48.0 67 = 33 3.0 Appendix D: Input data for the SINTEF Oil Weathering Model
12 72.0 67 490 34 4.1
13 72.05 12 - 34 26,3
14 T2.2 12 - 34 30,9
15 72.5 20 - 34 35.6
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D1 Endicott
Geographical area: Alaskan North Slope
Initial oil film thickness: 20 mm
Terminal oil film thickness: 2 mm
Release rate: 1.33 metric tons/minute
Sea temperature: 0°C and 10°C
Wind speed: 2mis, S m's, 10 mvs and 15 m/s

The data used as input to the SINTEF OWM for Endicott are given in Table D.1 to Table D.3.

Tabie D.1: Physical and chemical data for Endicort

Specific Gravity (60°F/15.56°C)

0913
Pour Point 6°C
Reference temperature #1 10°C
Viscosity at reference temperature #1 510cP
Wax (Wi%) 55
Asphaltenes (wi%) 1.6

Table D.2: The true boiling point values used for Endicott (obtained from Crude Assay at

http:www.etcentre org/mainie/divdb. himi).

66 0
93 1

121 3

149 6
204 1
232 16
260 21
287 27
315 34
343 40
n 46
427 57
482 66
537 74
565 77

port 151002 doc
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Table D.3: Experimental results from the bench-scale laboratory testing (see chaprer C1) at

T
Boiling point [°C) 2 190 185 275
Evaporation [vol%] 0 [ 12 19
Residue [wi%] 100 95 59 54
Specific gravity [g/L] 0.913 0.923 0931 0.9340
Pour point [°C] 3 9 15 18
Viscosity at shear 105" [¢P] 510 840 1630 5150
Viscosity of $0% emulsion at shear 10s” [¢P] - 1540 3330 7910
Viscosity of 75% emulsion at shear 1057 1<P] - 6240 12200 -
Ty 5 .|

;';L;;usuy of max water emulsion at shear 10s B 15300 | 21400 | 21700
Maximum water content in emulsion [vol%s] - 82 79 65

| Halftime for water uptake [h] - 0.6 1.2 28
Stability ratio - 0.96 098 1.0
=t not determined
PACTHEGE ] TES MIMES OWM Fhases 11 and 11T askd T 1510032 doc
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D2 Alpine Composite

Geographical area:

Initial oil film thickness:
Terminal oil film thickness:

Release rate:

Sea temperature:
Wind speed:

119

Alaskan North Slope
20 mm

2 mm

1,33 metric tons/minute

0°C and 10°C
2mfs, S m/s, 10 m/s and 15 mv's

The data used as input to the SINTEF OWM for the Alpine Composite are given in Table D4 w
Table D6.

(e
Specific Gravity (60°F/15.56°C)

Table D.4: Physical and chemical dara for the Alpine Composite

%)

7

| Pour Point

temperature #1 (°C)

o

Viscosity at reference temperature #1 (cP)

Wax (wi%)

(W1%)

Table D.5: The true boiling point values used for the Alpine Compuosite sample.

85 8
105 13
135 9
175 27
205 33
235 38
265 45
310 54
350 62
420 72
525 89
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Table D.6: Experimental results from the bench-scale laboratory testing (see chapter Cl) at

10°C:
Chemicaliphysical propery [ s [isores Jaoorer [asvrc
Boiling point [°C] - 167 246 296
Evaporation [vol%] 0 22 34 4
Residue [wi%s] 100 81 69 60
Specific gravity [g/L] 08340 | 0.8668 | 0.8845 | 0.898]
Pour point [*C] -18 -3 9 1%
Viscosity at shear 10s™ [¢P] 103 118 839 1160
Viscosity of 50% emulsion at shear 105”7 [¢P] - 120 920 2940
Viscosity of 75% emulsion at shear 10s” [cP] - TRO 2970 7130
s = - T
?:I;]cuslty of max water emulsion at shear 10s i} i 5960 11700
Maximum water in emulsion [vol%] - 80 80 80
Halftime for water uptake [h] - 0.1 02 0.5
Stability ratio - 0 1 0.8
-2 not determined
BATHIS61TH9 MMS OWM Phascs 1] and 11177 sukd Weathering' Adm Rappanten'ss_oljer pont 151002 dox
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D3 North Star oil

Geographical area: Alaska North slope
Initial oil film thickness: 20 mm
Terminal oil film thickness: | mm

Release rate: 1.33 metric tons/minute
Sea temperature: 0°C and 10°C
Wind speed: 2mis, S mv's, 10 mUs and 15 m/s

The data used as input to the SINTEF OWM for High Island Composite are given in Table D7 to
Table D9.

Spec ty ((

Pour Point (°C) -39
Ref temperature #1 (°C) 10
Viscosity al reference temperature #1 (cP) 20
Wax (wi%) 58
Asphaltenes (wt%) 0.016

Table D.8: The true boiling point values used for the North Star.

60 1.3
100 6.9
120 1.9
140 18.3
160 25.5
180 31.3
200 364
220 41.3
240 46.0
250 48.6
3lo 61.1
360 69.2
420 75.2
525 86.2

LACHI661 159 MMS WM Pases 1 arsd 111 Taska Weathernig Ads Bapportent_lyer\ NMS-report 181002 doc

@ SINTEF

Table D.9: Experimental results from the bench-scale laboratory testing (see chapter C1) at
237

int [°C] 160 231 280
Evaporation [vol%] 0 24.7 385 50.2
Residue [w1%a] 100 78.5 65.3 53.8
Specific gravity [p/L] 0816 | 0850 | 0.866 | 0.8
Pour point [°C] -39 -9 3 18
Viscosity at shear 105 [cP] 10 45 380 2272
Viscosity of 50% emulsion a1 shear 1057 |cP] 305 405 881
Viscosity of 75% emulsion at shear 10s” [¢P] 624 1034 1967
Maximum water content in emulsion [vol%] 68 68 83
Viscosity of max water emulsion ot shear 10s™ [cP] 421 850 752
Halftime for water uptake [h] 011 0.15 0.09
Stability ratio | 0.99 I
PACTIG61 189 MMS OWM Phases 1 and 111 Taskd r - pant 141002 o
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D4 The Neptune Field Composite

Geographical arca: Gulf of Mexico
Initial oil film thickness: 20 mm
Terminal oil film thickness: 0.5 mm

Release rate: 1.33 metric tons/minute
Seu temperature: 20°C and 29°C
Wind speed: 2m/s, S mis, 10 m/s and 15 mvs

The data used as input to the SINTEF OWM for the Neptune Field Composite are given in Table
D10 to Table DI2.

J ical B AR ) < 47
Specific Gravity (60°F/15.56°C) 0.869
Pour Point (C°) -9
Reference temperature #1 (C°) 23
Viscosity at refe temp: #1 (cP) 10
Wax (wi%e) 3.7
Asphaltenes (w1%) 0.3

Table D.11: The true boiling point valies used for the Neptune Field Composite,

53 |

93 4
125 L
150 13
173 17
195 20
213 23
240 28
267 33
288 36
321 42
370 50
450 62
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Table D.12: Experimental results from the bench-scale laboratory testing (see chaprer Cl) at

23°C.

_g_mwmm e Fresh | 150°C+ | 200°C+ | 250°C+
Boiling point [°C] - 200 256 305
Evaporation [vol%:] 0 11 22 30
Residue [wi%] 100 90 81 73

| Specific gravity [g/L] 0.569 | 0.887 | 0900 | 0911
Pour point [°C] -9 0 3 9

| Viscosity at shear 10s™ [cP] 10 50 110 300
Maximum water content in emulsion R 0 0 0
[vol%]

Halftime for water uptake [h] - 0 0 0
Stability ratio - 0 0 0

-+ not determined
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DS High Island Composite

Geographical area: Gulf of Mexico
Initial oil film thickness: 20 mm
Terminal oil film thickness: 0,5 mm

Release rate: 1.33 metric tons/minute
Sea temperature: 20°C and 29°C
Wind speed: 2m/s, 5 mis, 10 m/'s and 15 m's

The data used as input to the SINTEF OWM for High Island Composite are given in Table D13 10

Table DIS.

Table D.13: Physical and chemical data for High Island Composite

Specific Gravity (60°F/15.56°C) _

Pour Point (C*)

Refi temperature #1 (C°) 23
Viscosity at reference temperature #1 (cP) 23
Wax (wi%) 16
Asphaltenes (w1%) 0.03

Table D.14: The mrue boiling point values used for the High Island Composite.

120 30

140 5.7

150 7.0

160 8.6

170 10.7
180 12.8
190 15.3
200 18.2
210 20.3
22( 23.0
23 25.5
240 26.8
250 319
280 40.0
300 45.0
350 56.0
380 61.0
400 64.0
425 68.0
450 72.0
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Table D.15: Experimental results from the bench-scale laboratory testing (see chaprer Cl) at

237,
Boiling point [°C]
Evaporation [vol%]
Residue [w1%]
Specific gravity [g/L] 0.847 | 0.853c | 0.864c | D.879
Pour point [°C] -36 -20* -10* 0
Viscosity at shear 10s”" [cP] 23 40* 60* 83
Maximum water in Ision [vol%] - 70f 701 701
Y(LW'T.;]?] of max waler emulsion at shear - 200f 400f s00f
Halftime for water uptake [h] - 0.25f | 0257 0.251
Stability ratio - of or or
-: not determined

I: From meso scale Mume data

b: From boiling point curve

¢: Caleulated from boiling poin curve
*constructed data

The High Island Composite sample received for the weathering study were in fact an emulsion,

This disabled a proper weathering study, and a lot of the weathering data had to be extracted from

data obtained in the meso scale flume, caleulated, or constructed with background in experience

from studies of similar oils. The results from the meso scale flume is, however, regarded realistic
pared 1o a real hering situation, and should provide relevant input data to the OWM,
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Appendix E: List of abbreviations, symbols and acronyms
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Benzenc. toluene, etylbensen, o-, m- and p-xylenes BTEX

Carbon 3
Centi Poise cP
Cubic meters m'
American Peroleum Index APl
| Degrees Celsius e
Dehydrating 4]
Flame lomization Detector FID
[ Gos Chiomalograph Gas Chiomatography GC
Gram £
h
i
kl*a
L.
m
1
pm |
Mg |
mL
Millimeter mim
Millimeters mm
Minute min
| Nickel Ni
Nitrogen N
Nitrogen, Sulfur and Oxygen NSO
il Weathering Model OWM
Oil-in-water uiw
| Oxygen [£]
Parts per million ppm
| Percem %
Polynucler Aromatic Compounds PALL
Reciprocsl second I3
Rotations per minule pm
Second 5
Sulfur S
The American Society for Testing and Materials ASTM
The (ractional dehydmution factor after 24 hours rowstion and x hour D,
settling
The fractional dehydration factor afier 24 hours rotation and x hours Dy
settling
The fractional dehydration factor after 24 hours rotation, 24 howrs Dige v
scttling and 10 rotations
The time 1t takes m hours before the o1l has emulsified hallof ns 1A
maxImum water content
Unresolved Chy ic Material UCM
Vanadium v
Volume percent vol's
Volumetne water-to-oil ratio i the 1] after 24 hours rotation WOR,
and x hours seitling
| Dispersant 1o Emulsion matio DER
Dispersant to Oil Ratio DOR
Volumetric water-to-oil rati in the emulsion after 24 hours rotation WOR,,, |
| Water Soluble Fraction WSE
Water-in-oil wio
| Water-to-oil ratio WOR
[Weigh percent with |
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1 Introduction
1.1 Background and abjectives

In 1998 SINTEF Applied Chemistry completed the Phase I review “Revision of MMS Offshore
Continental Shelf Oil-Weathering Model: Evaluation,” OCS Study MMS 98-0031 for MMS. This
review recommended:
o upgrading to an existing state-of-the-art OWM
» additional improvements needed to maintain state-of-the-art and to meet needs of MMS
users
» spill data sets that would be suitable for model testing and validation.

The recommendations described in the Phase 1 report, lead to a follow-up study * Revision of the

OCS Oil-Weathering Model: Phases II and III". The objectives of this study are:

1) to obtain and adapt the SINTEF Oil Weathering Model (OWM) to MMS needs,

2) to expand the OWM oil library to include oils of interest to MMS, and

3) to develop and collate data sets identified in Phase I from experimental oil spills for
validation testing of various OWModels.

This report is connected to the last objective in this study: Task 7: "Development of Data Sets
from Experimental Oil Spills for OWM Algorithm and Model Testing and Validation"

A framework for this task 7 was described in the MMS OWM Phase I Technical Meeting held in
Anchorage, in March, 1998 with two alternative approaches:

One approach at that time was that SINTEF, in collaboration with orgenizations like Alun Lewis
Qil Spill Consultant in UK, CEDRE in France, and NOOA in US should try to dsvelop a JIC
program to address:

o model sensitivity testing

* preparation and archival of specified data sets

o testing of model algorithms,

Many data sets of potential interest wore identified in the Phase I Report (OCS Study MMS 98-
0058), and MMS would like to see an eventual such JIC program developed in 8 manner which
could facilitate use of the data in OWM testing, for use with models, such as the NOAA ADIOS
model, in addition to with tho SINTEF OWM. During the project period, it appeared, however, to
be difficult to develop such an extended JIC program. We therefore agreed with MMS that
SINTEF proceeded alone in this task with the limited budget from MMS allocated for task 7 to
address the two last scopes/goals: i.e. preparation of available oil spill data sets, and in testing /
validating these ground-truth data with the new version of the SINTEF OWM only. The data sets
presented in this report can however, be used by any organizations /model operators in model
algorithm testing / validation,

1.2 Conclusions and recommendations from the Phase 1 report

In the Phase I Report (OCS Study MMS 98-0058, chap. 5.1.), criteria for an "ideal data set” from
experimental oil releases at sea was specified with respect to:

¢ Environmental background data

* Oil characterization (original oil properties and changes as function of weathering)

¢ Documentation - Standardized methods for sampling and analysis

[ACHE61189 MMS OWM Phases I1 and [INTask 7\Finat report.doc
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« Sampling frequency
® Replicate samples

An overview of experimental oil releases were identified and preliminary evaluated. None of the
field trials satisfied the strict criteria for an *ideal data set”, both with respect to methodology and
data-documentation. However, this lack of the “ideal data set” should not prevent us from using
the best series of these data sets for calibration/validation of oil weathering models. However, it
also became very obviously during this review that many of the older data sets from experimental
trials had a very limited potential for model calibration-/validation. This caused by varying quality
of the data due to lack of consistent procedures for sampling and analytical methodology.

Some recent field trials had, however, more well-documented and suitable procedures for field
sampling and further analysis. The preliminary conclusion from this preliminary review was that
data from recent field trials in UK and Norway (se below) had a potential for
calibration/verification of oil weathering models, and an effort in collecting all relevant data from
these serios should be given priority in task 7:

: -97: These experiments have been
conducted on a yearly basis with different objectives. The more recent experiments have well
documented and suitable procedures for sampling and further analysis. These field trials cover
soveral crude oil (Forties, Alaska North slope) and different bunker fuels. The weathering time
ranges from only hours to several days and the weathering parameters include (emulsification,
evaporation, natural dispersion, water soluble components, emulsion viscosity, emulsion stability,
water droplets distribution in emulsion and others). Some of these UK sea trials also include
extensive monitoring of dispersed oil concentrations versus time and also measurements of
droplet sizes of the dispersed oil droplets. Some relevant data seemed to be available from e.g.
AMOP-publications by AEA Technology, however, ¢.g. More extensive environmental data from
the field test is needed in order to make then appropriate as validation data-sets.

[WaY: eig g A0S N -1 ¢ INarging e Z00¢€ O Y':;l'V g 1101 80
period (1989-96): In Norway, field experiments have beon conducted on an almost yearly basis
since late 70's, but only some of the trials were considered to be relevant for our purpose. The
SINTEF-89 and MIZ-93 trials give data sets which can be used to compare weathering of the
same crude oil type at a North Sea and an Arctic environment, These trials and the later NOFO
trials (1994/95/96) have used well-documented and suitable procedures for sampling and further
analysis. The weathering time ranges from one day up to seven days, and the weathering
parameters include emulsification, evaporation, natural dispersion, water-soluble components,
emulsion viscosity, and emulsion stability, among others, Data are available from SINTEF as
reports and publications.

13D Uected pr d in this report

In the period from December 2002 to July 2003, an effort was made to collect all relevant data
from the recommeonded series of field trials. As a result, data-set from the following trials are
presented in this report:

¢ Haltenbanken 1989

MIZ-experiment (in ice) 1993

NOFO-trial 1994

NOFO-trial 1995

NOFO-trial 1996 (limited data)

1ACHG661189 MMS OWM Phases Il and | IN\Task T\Pinal report.doc
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¢ UK trials 1997 (AEA-trials)
¢ Surface oil data from the Deep spill 2000 experiment

The data-sets from the earlier fiold tosts in UK are not included in this report. This is due to lack
of available d ion of envir | data during the field tests. Lewis Oil Spill
Consultant in UK did an ively search for obtaining data reports from field various field
trials in UK at the library at MCA (Maritime and Coastal Agency in Southampton) without any
success.

Weathering data, wind speed, temperature and film thickness are presented from the trials. For the
trials including dispersant treatment, only the weathering data before dispersant treatment is
presented in this report.

The film thicknesses parameters used as input to the model for the predictions of the different
trials, are based on the film thickness data measured in the individual trials.

1ACH 661189 MMS OWM Pheaca 11 and IINTask T\Pinal rsport.doc
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2 The Haltenbanken experiment 1989

2.1 The field experiments

This experiment was organized by the oceanographic r h company OCEANOR with
SINTEF (IKU) and NINA as partners. The onl was released at Haltenbanken (65° 00 N, 08° 00 E)
10.05 am July 1%, The oil was released from a small tanker by a hose hanging above the sea
surface. The release of total 30 tons took 16 minutes, forming a small and concentrated oil slick in
the beginning.

The first samples were collected 5 mi after the oil wasr d and a comprehensive
sampling program was carried out during the next four days. The results of the physico-chemical
propetties of the surface samples are given in the following tables. The results are average values

of 2-3 replicate samples.

2.2 Objectives

This full-scale experimental oil spill was carried out to study several objectives:
1. Evaluation of different types of oil spill drifters (Argos positioned buoys) versus oil drift
2. Intercalibration of different aerial surveillance systems
3. Study of weathering processes of the Sture Blend crude (also here called Oseberg Blend)
4, Study interactions between a drifting oil slick and sea birds

2.3 Conclusions

Generally, the measured changes in the oil properties with time gave a good agreement with
predicted data of Sture based on small-scale laboratory experiments and using the SINTEF Oil
Weathering model.

Due to relatively rough weather conditions during the release, the oil was discharged vertically
into the sea from a hose (13 meter above sea surface). This reloaso arrangement resulted in a
temporary mixing of the oil into the seawater, leading to a relative high starting film thickness. An
initial filmthickness of 20 mm has therefore been used in the model predictions. Additionally, the
tanker had to use its thrusters (side propellers) during the discharge to keep distance to the oil
slick. It is therefore reason to believe that this could cause additional mixing of oil and water and
lead to higher water uptake for the samples from the first § — 30 minutes.

Weathering data for Sture blend is included in the report. Sture blond is the prosent name of the
Oseberg Blend used in 1989. Sture is the name of an Oil Terminal on the west coast of Norway.
Crude oil from the various wells at the Oseberg fiold is the mein contributor to this terminal.
There may be some minor variation in the chemical composition to the Sture blend due to the
daily variation in the daily production at the various field.

Predicted evaporation, water uptake and emulsion viscosity together with field data is shown in
Figure 2.1, Figure 2.2 and Figure 2.3, respectively.

EACHE61189 MMS OWM Phasss 1] and 1INTask T\Fine} report.doc



@ SINTEF

Temperaturs (*C) 10

Wind Speed (mA). Wind fis
(nitisl fim thickness {mm) 20
Terminal firm tickness (mm) : 2

Property: Evaporstion

@ SINTEF

1002002
Pred. Dato: Aprd 30, 2003

g

S T T
R ! o
0 t : y&
gnr — - f : —
i i v
5 i R
80 T + —t
© . N HE
> i ' ' B
] i { . —
» L : i e
" paryl
/-—" A & i Y | T ‘
10 - t + —t
: ]
028 (X PR | ¢ 9 12 1 2 3 48
Hours Deys

= Gl blend

A Fisid data

Figure 2.1 : Predicted evaporation and field data Haltenbanken 1959.
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Figure 2.2 : Predicted water uptake and field data Haltenbanken 1959.
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Figure 2.3 : Predicted emulsion viscosity and field data Haltenbanken 1959.
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:Water content and stability of the w/o-emulsions.

Table 2.2
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after 24 h settling, (0 -> emulsion is totally broken, 1.0 -> emulsion not broken).

s

Ieft i wi

2) Fraction of total water content expelled after chem

1) Fraction of total water

ical treatment with Alcopol 0 60% and 24 h settling (0 -> no water expelied, low efficiency, 1.0 -> ail

waler expelled, high chemical efficiency).
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Table 2.3 : Wind i1 banken July 1989,
Start date : 01.07.1989 1
Cum, time Sea temp. Wind speed Direction
() °C) (m/s) (6]
0 9.6 11.3 287
3 9.8 10.1 337
[ 9.8 84 350
9 9.8 75 164
12 9.8 6.9 262
15 9.8 39 1
18 9.6 7.8 273
21 9.6 6.3 96
24 99 7.5 230
27 10.1 5.4 263
30 102 6.9 14
33 10.2 15 26
36 10.2 15 157
39 10.1 14.3 214
42 10.1 16.1 23
45 9.8 242 279
48 9.6 25.1 256
51 9.6 22.1 247
54 9.8 17.0 3n
57 9.8 16.1 266
60 9.8 11.0 233
63 9.8 8.7 255
66 9.8 48 325
69 9.9 36 30
72 9.9 4.2 86
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Table 2.4 : Input dava for weathering predictions Sture blend,

ol

[ Fresh oil properties
[Specific Gravity (60 F/60 F) 085
[Pour Point (°C) 9
Reference tempernture #1 (*C) 13
Viscosity at ref. temp.#1 (cP') I
|V anadi {ppm wt.) z
Nickel (ppm wt.) +
Asphall {wi. %a) 2
n-Pentane Insolubles (w1, %)
Flash Pont (°C) =
Fu Content {wi. %) -
Dispersable for visc. < 2000
Poorly dispersable for vise, = 7000
IMulmum water uptake (%) at 3°C/13°C KO
- Daza missing
True boiling point curve
Temp Comalati
=) volume
(%)
90 10.62
120 16.74
145 21.48
160 4.3
205 3229
250 40.62
295 5027
350 61.09
420 T0.84
565 £9.12

‘Weatherin, erties (laboratory data)

Fresh | 150°C+ | 200°C+ | 2s0°C+

Boiling ture (°C) = 185 250 303
Valume topped (%) 0 16 28 39
Residue (wt %) 100 #h 76 65
Specific gravity (2/1) 0.847 0877 0.892 0.907
;Luut point (°C) -3 [ 15 18
Flash poim (°C) - 38 B0 119
Viscosity at 13°C (cP)* 10 25 65 350
Viscosity of 50% cmulsion (cP)* 5 190 480 2800
Viscosity of 75% emulsion (cP)* - 1400 2600 6300 |
Viscosity of max water (cP)* - 950 10000 14000
Maximum water content (%) = 80 80 78
Halftime for water uptake (hrs) - 0.13 0.1 0.18
Stability ratio - 0,79 0.705 I

3 Not measured
L Fiscosity measured at shear rate 105"
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3 MIZ-1993

3.1 The field experiments

An experimental oil spill in the Barents Sea marginal ice zone (MIZ) was performed in the last
part of April 1993. 26 m' of Sture blend was released approximately 45 km inside the ice edge at
an ice concentration of approximately 90%. During a 7 day period of sampling and analysis of the
surface oil/emulsion, the slick drifted to a position approximately 6 km from the ice edge, and the
ice concentration varied from 70-90%. The dominant wind direction was from the ice towards
open water, and the wave energy conditions were relatively low most of the time. The wind speed
was 6-10 m/s and the temperature -16-0°C.

Objectives

Thei ion of the experi 1 oil spill in the marginal ice zone was to contribute further to
existing knowledge about the behaviour of oil under Arctic conditions and 1o acquire knowledge
about the specific conditions (wind, waves, ice conditions, drift and spreading) in the marginal ice
zone,

Conclusions

Measurements performed during the MIZ experi | oil spill st 1 that oil spilled in ice will
have a relatively high oil film thickness (often in cm-range) compared 1o oil spills in open waters
(maximum | to 4 mm), The measured film thickness in the MIZ experiment ranged from 5-120
mm of emulsion. This is caused by a mduwd sprcad:ng due to the presence of ice. The ice acted
as a barrier and p pecially at high ice i As a result of the high
oil film thmkness mmbmcd with low temperatures, the evaporation of the light components in the
oil was low compared to experimental oil spills in open waters. The emulsification was low.

Prediction of evaporation, water uptake and emulsion viscosity for oil in ice (90% ice coverage),
oil in open waters and field data from the MIZ-experiment is shown in Figure 3.1, Figure 3.2 and
Figure 3.3 respectively.
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Figure 3.1 Predicted evaporation and field data Sture blend MIZ 1993,
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Figure 3.2 ! Predicted water uptake and field data Sture blend MIZ 1993
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Figure 3.3 : Predicted emulsion viscosity and field data Sture blend MIZ 1993,
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3.2 Field and input data MIZ 1993
The data from samples taken of the oil slick is given in the tables described here.

Table 3.1 : Field data Sture blend MIZ 1993.

Table 3.2 : Input data for weathering predictions of Sture blends behaviour at sea.
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: Field data Sture blend MIZ 1993.

Table 3.1
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Table 3.2 : Input data for weathering predictions of Sture blends behaviour at sea.

Fresh oll properties

Specific Gravity (60 F/60 F) 0.847
Pour Point (°C) -3
Reference temperature #1 (°C) 13
Viscosity st ref. temp.#1 (cP) 10
v ium (ppm wt.) -
Nickel (ppm wi.) -
Asphaltenes (wt. %) -
n-Pentane Insolubles (wt. %) -
Flash Point (°C) -
Wax Content (wt. %) -
Dispersable for visc. < 2000
Poorly dispersable for visc. > 9000
Maximum water uptake (%) at 5°C/13°C 80

Data missing
True boiling point curve Film thickness (mm
Temperature Cumulative Initial 8
volume Terminal | 8
(%)
90 10.62
120 16.74
145 21.48
160 24.23
208 32.29
250 40.62
295 50.27
350 61.09
420 70.84
565 89,12
[ Wenthering properties (laboratory data)
Fresh | 150°C+ | 200°C+ | 230°C+
Boiling temperature (°C) - 185 250 303
Volume topped (%) 0 16 28 39
Residue (wt %) 100 R6 76 65
Specific gravity (/1) 0.847 0.877 0.892 0.907
Pour point (°C) -3 6 15 18
Flash point (°C) - 38 20 119
Viscosity at 13°C (cP)* 10 15 65 350
Viscosity of 50% {cP)* - 190 480 2800
Viscosity of 75% Ision (cP)* - 1400 2600 6300
Viscosity of max water (cP)* - 950 10000 14000 |
A water content (%) - 80 80 78|
Halftime for water uptake (hrs) - 0.13 0.1 0.18 |
Stability ratlo 0,79 0,705 [
-y Not measured

Viscosity measured at shear rate 10s”.
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4 NOFO exercise 1994

4.1 The field experiments

The NOFO oil-on-water exercise 1994 was Phase | of a series of 3 field tnals. Phase | included
two surface releases and treatment with dispersant. The experiments were performed at the Frigg
field in June 1994,

Objectives

The main objectives of the field trials were:

0  To verify laboratory studies on the rate of weathering (evaporation, natural dispersion and
emulsification) of Sture Blend crude oil and determine the extent of changes in these
processes caused by the application of dispersant.

@ Toassess quantitatively the effectiveness of aerially applied dispersant by following the fate
and weathering properties of two slicks of partially weathered North Sea crude oil (one treated
and one control slick).

0 To define the operational parameters required for practical dispersant treatment strategies.

¢ To provide a realistic training scenario for oil spill combat personnel.

Releases

Two slicks, each of 20 m? fresh, stabilized Sture Blend crude were released about | nautic mile
(nm) apart. The oil were pumped gently on the sea surface by using the Transrec system (leading
1o a g Ily lower ing film thick pared to the e.g. 1989-Haltenbanken experiment).
One slick, called Tango, was treated with the dispersant Corexit 9500 from a $61-N helicopter
with a Rotor tech TC-3 underslung bucket after 3 hours weathering of the oil at sea, A re-
application of dispersant on the same slick was performed after totally 7 hours weathening of the
oil. The Tango slick disappeared totally from the sea surface and dispersed into the water column
within 12 hours at sea,

The other slick, Charlie, was used as control slick the first day. The second day, about 29 hours
after the oil had been released, and after the Tango slick had disappeared, the Charlie slick was
treated with Corexit 9500. Soon after this the slick disy d into the water column.

Conclusions
The main conclusions from the field experiments were:

O The Swre Blend lost about 45 vol.% of its volume due to evaporation and reached a
viscosity of approximately 9000 cP (at shear rate 10 s*!) within 28 hours at sea. The water
content in the emulsions was 75-80%.

& The weathering predictions (evaporation and emulsification) of the Sture Blend crude (from
1993) proceeded similarly to what was observed in the Haltenbanken tnal in 1989 with the
Sture Blcnd (from 1989)

o The d Ited ind d Ision water and decreased

emulsion wscosxty, The oil/emulsion disappeared totally into the water column.

The quality of the data are good and gave valuable input to the IKU Oil Weathering Model and
formed basis for further refinements and verifications of the algorithms in the model.

Further details from the field experiments are described in Lewis er a/., 1995 and Strom-
Kristiansen and Daling, 1994.
FICTI661 159 MMS OWM Phases 1 anad 11 Task 7l repont do
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Data from the Charlie slick and from Tango slick before disp 1in this
report, Predicted evaporation, water uptake and emulsion viscosity from SINTEF OWM is
presented together with field data in Figure 4.1, Figure 4.2 and Figure 4.3, respectively,
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Figure 4.1 : Predicted evaporation and field duta, Sture blend 1994,
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Figure 4.2 : Predicted water uptake and field data, Sture blend 1994,
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Property: Emulsion viscosity
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Figure 4.3 : Predicted emulsion viscosity and field data Sture blend 1994.
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4.2 Field and input data 1994
The data from samples taken of the oil slick are given in the tables described here.

Table 4.1 : Physico-chemical properties on waterfree residues of Sture Blend and their water-in-
il emulsions from the control slick (Charlie) in the North Sea field trial in June 1994 (-: not

perft 1, GC: gas ct graphy, WOR is water-to-oil ratio, IFT is interfacial tension, D is
fractional dehydration of emulsion).

Table 4.2 : Physico-chemical properties on water-free residues of Sture Blend and their water-in-
il emulsions from the treated slick (Tango) in the North Sea field trial in June 1994 (-: not
performed, GC: gas chromatography, WOR is water-to-oil ratio, IFT is interfacial tension, D is
fractional dehydration of emulsion).

Table 4.3 : Wind conditions at June 1994 Frigg field trial.

Table 4.4 : Input data for weathering predictions of Sture blends behaviour at sea.
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Table 4.1 : Physico-chemical properties on waterfree residues of Sture Blend and their water-in-oil emulsions from the control slick (Charlie) in the North Sea
field trial in June 1994 (-: not performed, GC: gas chromatography, WOR is water-to-oil ratio, IFT is interfacial tension, D is fractional

dehydration of emulsion).
Charlie Weatheriag Peur poiat Flash poiat FT
saepling tme Evaporation (wt.%4) waler-{ree water-free water-free Emulsisa water centent Emulsien
station vesldae residwe residee dispersibility
ours) Density * GC [wy) 0 ‘mN/m) (vl %) (WOR)
Fresh 1] 0 L] ] - 24 [
(4] 02 46 - - 22 - 55 12 -
Q 0.7 14.7 - - 36 - n 25 -
o] 11 203 198 15 58 19 69 22 Good
Cs 31 246 - 18 % - 75 30 Good
(¢ ] 65 303 - 21 - - 78 35 -
(& ] 133 33.1 322 24 - 7 81 43 Reduced'bad
cn 21.7 47.9 432 - - 3o 66 19 Bad
Charfiie Visceslty (cP) Densi L) Effect of Emulsiea
pling Haske Rofovisce RV28 Bohlim $8BYV Emulsion stability Alcopel O63% (2]
statiom Water-fi r_' 1si E L Emulston Water-free ou emulsion thickness
.
(T;:'"e) ael) aesh) restine D1 O Prn Disa Pac) o
Ficsh 10 0.846
Cl 211 - 75 0.949 0.857 10 1.0 10 10 - 12.9
[ov] 82+5 123 2711162 0.981 0.875 09 10 1.0 10 1.0 35214
a 13 29744 845 0.981 0884 03 10 10 1.0 0 1.8202
cs 190 638+ 171 1410 & 85 0.991 0.892 00 03 03 - 10 19407
(] 35627 3333197 4130 0.9% 0.901 00 00 00 - 0.7 1.1+£02
c3 554+ 78 4159+ 199 5010 + 255 1.002 0.906 00 00 00 05 08 -
cn - 9023 12400 0993 0.931 00 0.0 00 00 - 0.1 £0.02
*: Based on predictions of oil density assuming zero water uptake. ** : Very difficult to measure. o: Based on pad extraction.
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Table 4.2 : Physico-chemical properties on water-free residues of Sture Blend and their water-in-oil emulsions from the treated slick (Tango) in the North Sea
field trial in hune 1994 (-: not performed, GC: gas chromatography, WOR is water-to-oil ratio, IFT is interfacial tension, D is fractional

dehydration of emulsion).

Taoge Weathering Pour poimt Flash point ¥T

1ampling tise Evaporation (wt.%) water-free water-free water-free | Emulsion water content Emulsion

statiom residme residwe residue dispershbility
(Hours) Density * GC o) [wo) (mN/m) (vel %) (WOR)

Fresh 0 0 0 - - 24 0

T2 ig 17.6 - - - - 57 14 Good

3 19 238 236 - - - 76 32 -

T4 33 220 - - - 16 75 29 Good

T5 ** kR § 242 - - - 1 63 1.7 Good

17 53 254 - - - - 7 25 -

s 15 286 - - - 4 3 27 Good'reduced

T9 oo 79 289 26.7 - - hihid 49 1.0 Good

Tange Viscaosity (cP) Deasity (g/mL) Effect of Fmulsien

sampliag Haake Rotovisco RV29 Bohlin 88BV Emulsion stabil Akopel 063% fim

statiea Water-lree Fmulsion Fmulsion Emulsion Water-free ou emulsion thickeess
residwe residwe MDa)) (mm) e
asesl) as) ash Dy DDy Al

Fresh 10 0.346

T2 6447 - 602 + 187 0.963 0.830 1010 1.0 - 1407

T3 142+4 840+ 57 1415 + 148 0992 0.890 0.20.7 0.8 10 2714

T4 18111 1207 + 164 1960 0.989 0.887 0.000 0.1 10 19102

TS5 ** 273+ 68 1177+324 1975 + 148 0.975 0.891 0.00.0 0.0 0.9 1.8+09

jyd 277+ 77 1838 + 190 2500+ 127 0.986 0.893 0.000 0.0 07 24

T8 3424 85 2813 + 149 3595 + 318 0.990 0.899 0.00.0 0.0 04 19

T9 s¢¢ 374+ 64 89215 744119 0.961 0399 0.01.0 1.0 038 -

.- Based on predictions of oil density assuming zero water uptake. ** : Afier Ist reatment*** :  After Ind treatment

*ee¢:  [mpossible io mzasure o: Based on pad extroction.
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Table 4.4 : Input data for weathering predictions of Sture blends behaviour at sea.

Table 4.3 : Wind conditions at June 1994 Frigg field trial Fresh oll properties
Specific Gravity (60 F/60 F) 0.847
Start date : 07.06.1994 Pour Point (°C) 3
Cum. time Wind speed Direction Reference temperature #1 (°C) 13
(h) (m/s) ©) Viscosity at ref. temp#1 (cP) 10
0 82 245 Vanadium (ppm wt.) -
4 9.8 258 Nickel (ppm ¥t -
8 8 243 Asphaltenes (w1, %) -
12 8,2 230 +
n-Pentane {wt. %) -
16 8,2 250 —
20 8 260 Flash Point (°C) -
D
24 75 270 'Wax Content (wt. %) -
28 é 290 Dilpﬂl‘ll}!lc for vise. < ' 2000
32 8 290 Poorly dispersable for visc. > 9000
120 8 290 Maximum water uptake (%) at 5°C/13°C -
Data missing
True balling polut curve | Fllm thickness (mm
Temperature Cumaulative Initial
0 volume Terminal T
(%)
90 10.62
120 16.74
145 21.48
160 24.23
205 32.29
250 40.62
295 50.27
350 61.09
420 70.84
565 89.12
Weathering properties (Iaboratory dats)
Fresh 150°C+ 200°C+ 250°C+
Boiling temperature (°C) - 185 250 303
Volume topped (%) 0 16 28 39
Residus (Wt %) 100 86 76 65
[Specific gravity (g/1) 0.847 0.877 0.892 0.907
iﬂnur point (°C) 0 9 18 21
Flash point (°C) B 38 30 119
Viscosity at 13°C (cP)* 10 25 65 350
Viscosity of 50% emulsion (cP)* - 190 480 2800
Viscosity of 7% emulsion (cP)* - - 2600 6300
Viscosity of max water (cP)* - - - -
Maxi ‘water content (%) - 80 80 78
|Hutftime for water uptake (hrs) - 0.13 0.1 0.18
Stability ratio - 0.2 0.705 1
Not measured
r Viscosity measured at shear rate 10s”.
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5 NOFO exercise 1995

5.1 The field experiments

The NOFO oil-water exercise 1995 included totally four surface releases and one sub-surface
releases of stubilized Troll crude oil. The experiments were performed at the Frigg field in August
1995. The slicks were followed for about 0.5 - 2 days.

Objectives
The main objectives of the dispersant and underwater release activities at the Frigg field during
the NOFO 1995 oil on water exercise were:

@ To swudy the behavior, rate of spreading and hering (evaporati Isification, natural
dispersion etc.) of crude oil slicks released both from surface and sub-surface (107 meters
depth simulating sub-sea pipeline leakage).

@ To support valuable input data to the IKU Oil Weathering Model. These data will form basis
for further refinements of the algorithms in the model.

& To assess the effectiveness of different methods of applying dispersant concentrates on oil
slicks (from boat and helicopter).

¢ To study the capability of satellite-tracked drifting buoys to simulate the drift of surface and
dispersed oil under various environmental conditions.

O To calibrate aerial remote sensing sensors (in aircraft, helicopter, and satellites) with ground
truth data of the surface oil slicks.

Surface releases (day 1)

Three surface release slicks, each of 15 m® (Release rate: Im* / min) of stabilized Troll crude oil,

were released about | nm apan:

¢ One slick (designated Hotel), was treated with Corexit 9500 from a S61-N helicopter using
a SOKAF 3000 underslung bucket after 2 hours weathering of the oil at sea. The thick
emulsion of the Hotel slick totally disappeared from the sea surface and was dispersed into the
water column just after the dispersant application, and only sheen was left behind.

0 The other slick, (designated Bravo), was treated with Corexit 9500 from the response vessel
Gullbas using the Clearspray system, after 2 hours weathering. The eatment caused the
Bravo emulsion initially to lose water before the thick part of it gradually dispersed into the
water column,

©  The third slick, (Charlie), was used as a control slick.

Results from the Charlie slick are presented in this report.

Sub-surface release (day 2)

Two slicks, each of 25 m of stabilized Troll crude oil, were released about | nm apart;

¢ One slick, desi d Uniform, was released by pumping the oil from 106 m depth. The oil
was released without any gas present and resulted in a 2 to 5 mm thick surface slick of
emulsion. No data are reported from this experiment due 1o very limited sampling.

©  The other slick, Sierra, was a surface release and was used as a control for the Uniform
slick.

Conclusions
The main conclusions from the 1995 NOFO sea trial were:

IACHOSTIRS MMS OWNM Pses 11 and 111 Task TFimal repor.doc
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¢ A modem dispersant, correctly applied with a helicopter bucket or with spray arms from a
ship, within the oils “window of opportunity™ for dispersant use, is capable of dispersing the
thick oil completely. within 10-30 minutes.

0 No significant w/o-emulsification, of the oil in the underwater plume was observed,
probably due to the low release pressure and that no gas was released with the oil (this was
simulating a pipeline leakage).

The weather conditions were rougher during the Phase 1 trial with 8 to 10 m/s wind compared 1o

Phase 2, where the wind speed varied between 7 and 4 m/s wind on Day | and 6 and 2 m/s on Day
2

A more entire overview of the total field trial is given in The Operation Plan (Brandvik er al.,
1995-a), the Cruise Report (Jensen ef al., 1995) and the main technical report (Brandvik er al..
1995-b). The analyses data are presented in Strom-Kristiansen ef al., 1995,

Predicted evaporation, water uptake and emulsion viscosity from SINTEF OWM is presented
together with field data for the Charlie and Siera slicks in Figure 5.1, Figure 5.2 and Figure 5.3,
respectively. The observed water content and emulsion viscosity of the Sierra slick was lower
than for the Charlie slick. The Sierra emulsions taken during the first hour were very unstable, and
both the water content and viscosity was probably under-estimated. The weather conditions were
calmer during the Sierra release (2-6 mvs wind), The deviation in the viscosity from the OWM
may be explained by that the majority of offshore field experiments which the development of the
empirical algorithms are based on, have been performed under moderate to rough weather
conditions (typical 6-15 m/s wind), Another explanation may also be due to that the input to the
model are based on emulsion prepared in the laboratory (using the rotating flasks) that are
simulating a more higher energy level.

P 4 = ti
I ropartl.{' “\rapora on @ SINTEF
Mhldll“‘l'm'_i 2003007

Prec. Duter Apnl 30, 3000

100

o = £

L

0 ! —— Tru G 1935,
= Trol Sanrrn 1995

& = & Tiwld cata Crarie
& Fisld cata Serra

50

Figure 5.1  Predicted evaporation and field data Troll erude oil, Charlie and Sierra 1995,
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Figure 5.2 :Predicted water content and field data Troll erude oil, Charlie and Sierra 1995,
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Figure 5.3 : Predicted water content and field data Troll crude oil, Charlie and Sierra 1995
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5.2 Field and input data 1995
The data from samples taken of the oil slick is given in the tables described here.

Table 5.1: Physico-chemical properties on waterfree residues of Troll erude and their water-in-
oil emulsions from the control slick Day | (Charlie) in the North Sea field trial in August 1995,

Tabie 5.2 : Physico-chemical properties on waterfree residues of Troll crude and their water-in-
oil emulsions from the control slick Day 2 (Sierra) in the North Sea field wrial in August 1995,

Table 5.3 : Wind conditions at August 1995 Frigg ficld trial. Charlie slick.
Table 5.4 : Wind conditions at August 1995 Frige field trial. Sierra slick.

Table 5.5 ; Input data for weathering predictions of Troll erude oil behaviour at sea.
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Table 5.1: Physico-chemical properties on waterfree residues of Troll crude and their water-in-oil emulsions from the control slick Day I (Charlie) in the

North Sea field trial in August 1995.
Wre eniulsion propesties
Stability **Emul brea eff. Film thickness (mam)

Samplimg Weath. time Water cont. Deasity Viscosity Shear rate Dispers- *Da *Dia | *Dn *Dia Pad In-sitw
station rs) (vel.%) ml) (P) [Cw]

8! 0 ] 0.886 - - Good - - - - - -

(& 0.25 5 903 5614 20 - - - - - - 103442

Q [K] 29 .935 4046 20 - .35 0.59 0.40 .77 - t14

Q) [ 66 .983 405 1 92 20 - .15 0.79 .87 .88 2.2102 St

CA 2.2 57 974 6991 3 Good .24 0.51 00 00 *1.2101 LEEN

Cs 59 0977 805 + 76 ] Good . 0.14 .89 .96 eeel 0113 .5t

[¥3 .. 74 .996 34351 64 8 Red. disp. i 0.16 0.73 .93 - 100128

[er] 1.6 78 .000 3280 ¢ 127 3 Red. disp. X 0.01 - .41 eese2 1104 | 75424

(] 250 n .995 5430 £ 339 8 Bad disp. .00 - 0.57 .76 - 10.0

Cto 335 T 001 5320 3 - 0.0C 0.01 0.83 0.89 - 63113.1

Waterfree residue

Sampfing Weath. thme Evap. loss Density Viscosity Pour poiat Flash polat Intert. teasion
station (hours) (wt.%) (g/nel) <P, 100 5) O 0) (aN/m)

8} 0 9 .886 21 -39 - 10.4

C 025 30 .897 42 - 34 -

2 0.5 317 .898 40 - 42 -

[«] 1.0 74 .902 64 -21 64 -

c4 22 .4 .908 83 -14 116 08

[ 38 33 .909 9 - 125 -

[¥] 3 .2 .914 168 -6 - 0.6

(o] K 7.7 .914 19 - - -

(o] 25, 94 0.916 2] -3 - 04

C10 4.7 0.923 200 - - 0.3

Not performed

R

b Effect of 500 ppm concentration of the emulsion breaker Alcopol O60%, relative to the oil volume.

o Unstable emulsion that was broken during mieasurement.

o Pad sumple gave 38 yom emulsion film thickress (in IR “black” area, finish aircraft, Lewis, 1993).

oo Pad sumple and cylinder measurement are not comparable values; token in different party of the slick.

esse:  Pos. B 26 pm (IR “black” area, Garman aircraft, Lewis, 1995), pos. C 9 pm (UV area, German aircrafi, Lewis, 1995).
INCH6611 89 MMS OWM Phises it snd INTask 7Fimal rzpart doc
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D is fractional dehydration of emulsion. Dy is effect after | hour, Dy a, is effect afier 24 hours. D=0: na water settled. D=:1 all water settled.

Table 5.2 : Physico-chemical properties on waterfree residues of Troll crude and their water-in-oil emulsions from the control slick Day 2 (Sierra) in the North

Sea field trial in August 1995.

Wie emulsion properties
Stabikity **Emul brea. eff. Film thickness (zum)
Samphing Weath. time Water coat. Density Viscoslty Shear rate Dispers- *Dyn Dia *Dy *Da Pad In-siem
station (houry) (vol.%) mi) (<P ")
So ] 0 0.886 - - Good - - - - - -
S1 04 0 0.898 1512 20 - - - - - - 58+18
S2 0.7 4 0.904 all +2 20 - 0.00 1.00 1.00 1.00 - 68+28
S3 0.9 2 0.903 29 20 - 0.00 0.63 - - - 48416
S4 3.1 26 0.938 123 +9 8 - 0.00 0.62 1.00 1.00 45t1.4 63132
S6 72 37 0951 126 £4 8 - 0.00 1.00 0.91 1.00 19+04 34%17
Waterfree residee properties
Sampfling Weath. time Evap. lesy Density Viscosity Pour paint Flash poimt
station (hours) (wt-%) (z/mb | (cP, 100 sY) (] (Y]
S0 0 0 0.886 21 -39 -
St 04 36 0.898 41 - -
s2 0.7 4.1 0.899 42 - 38
$3 09 60 0.901 55 -27 52
54 3.1 119 0.908 80 -18 110
56 72 12.5 0.908 105 -12 119
-2 Not performed.

Unstable emulsion that was broken during measurement.

. D is fraclional dehydration of emulsion. Dy, is effect after 1 hour, D, is effect after 24 hours. D=0: no water settled. D=:1 all water settled.

**:  Effect of 500 ppm c ation of the Ision breaker Alcopol O60%, relative to the oil volume.
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Table 5.3 ; Wind conditions at August 1995 Frigg field trial. Charlie slick,

Cum. time Wind Direction | Cum. time Wind Direction
(hours) (ms) (@ (hours) (m/s) %)
*0.0 6.5 274 2.0 6.1 222
0.5 59 281 2.5 6.] 248
1.0 6.4 267 3.0 7.0 248
1.5 6.5 314 3.5 7.0 267
2.0 7.0 268 24.0 7.0 290
2.5 6. 274 24.5 6.6 259
0 6. 263 25.0 7.5 267
35 7. 270 255 7.0 281
4.0 7.0 270 26.0 7.5 284
4.5 7.5 253 26.5 2.5 321
5.0 7.3 143 27.0 36 276
55 7.0 262 27.5 56 281
6.0 1.5 278 28.0 52 278
6.5 6.6 276 285 5.6 270
7.0 6.6 253 29.0 6.1 284
1.5 56 287 29.5 5.6 262
8.0 52 250 30.0 56 298
8.5 4.7 26. 30,5 5.6 278
9.0 6.1 25 31.0 52 276
9.5 5.6 284 315 4.7 270
10.0 5.6 259 32.0 4.7 290
10.5 56 245 32.5 4.2 270
11.0 S6 242 330 38 287
11.5 5.6 262 333 33 278
12,0 5.2 250 34.0 23 264
12.5 5.2 264 34.8 14 256
13.0 4.7 253 35.0 2. 256
135 4.7 245 355 2. 222
14.0 4.7 253 36.0 2, 236
14.5 4.2 231 36.5 28 219
15.0 4.7 233 37.0 3.3 203
15.5 5.2 233 37.5 33 200
16.0 52 208 38.0 3.3 208
16.5 6.1 208 385 3.8 228
17.0 6.1 222 39.0 238 208
17.5 6.6 233 39.5 33 222
18.0 1.0 200 40.0 2.8 203
18.5 7.5 208 40.5 3.3 191
19.0 8.0 312 41.0 3.3 197
19.5 7.5 214 41.5 28 214
20.0 1.0 236 42.0 23 217
20,8 1.5 225 42.5 19 219
210 7.0 270 43,0 23 21
21.5 6.1 239 43.5 2.3 200
120.0 2.3 200

*: Start time is 06" 15™ August 1995.
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Table 5.4 : Wind conditions at August 1995 Frigg field trial. Sierra slick

Cum. time Wind Direction | Cum. time Wind Direction
hours (w/s) (°) (hours) (m/s) ©)
*0.0 56 270 8.0 2.8 219
0.5 6.1 284 8.5 33 203
1.0 56 262 9.0 33 200
15 56 298 9.5 33 208
2.0 56 278 10.0 3.8 228
25 5.2 276 10.5 2.8 208
3.0 4.7 27 11.0 33 222
3.5 4.7 29| 11.5 2.8 203
4.0 4.2 271 12.0 33 191
4.5 38 287 12.5 33 197
50 33 278 13.0 2.8 214
s.5 2.3 264 13.5 2.3 217
6.0 1.4 256 14.0 1.9 219
6.5 23 256 14.5 23 211
1.0 23 222 15.0 2.3 200
7.5 2.3 236 1200 2.3 200

% Starttime is 11™ 16" August 1995.

1ACH661189 MMS OWM Phaves 11 and [INTask 7\Final report.doc.

34



@ SINTEF

Table 5.5 : Input data for weathering predictions of Troll crude oil behaviour at sea.

[ Fresh oil properties

Specific Gravity (60 F/60 F) 0.893
Pour Point (°C) -12
[Reference temperature #1 (°C) 13
Viscosity at ref, temp.#1 (cP) 27
Vanadium (ppm wt.) -
Nickel (ppm wt.) -
Asphaltencs (wt. %)

n-Pentane Insolubles (wt. %) -
Flash Point (°C) 3
(Wax Content (wt. %) -
Dispersable for visc. < 3000
Poorly/not dispersable for visc, > 7000

Maximum water uptake (%) at 5°C/13°C

Data missing
True bolling point curve
Temperature Cumulative
(°C) volume
(%)
65 1.43
90 304
150 9.57
180 13.83
240 24.49
320 45.71
375 57.21
[ 420 63.49
[ 525 83.78
T 8799

Fiim thickness (mm

Initial

Terminal

Weathering properties (laboratory data)

[ Fresh 150°C+ 200°C+ 150°C+
Boiling temperature (°C) - 10 258 300
Volume topped (%) 0 8 15 24
Residue (wt %) 100 93 87 78
Specific gravity (g/1) 0.893 0,903 0.909 0.919
Pour point (°C) -39 -15 -9 3
Flash point (°C) 3 50 30 1]
Viscosity at 13°C (cP)* 27 49 83 200
Viscosity of 50% lsion (cP)* - 343 593 1300
Viscosity of 75% laion (cP)* - 1815 2673 47%
Viscosity of max water (cP)* - - - -
Maximum water content (%) - 75 75 75
Halftime for water uptake (hrs) - 0.09 0.07 0.13
Stability ratio - 0,78 1 1

- Not measured

.. Viscoxity mearured at shear rate 105",
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6 NOFO exercise 1996

6.1 The fleid experiments

The NOFO oil-water 1996 included two surface rel and one sub-surface release of
stabilized Troll crude oil with gas present, The experiments were performed at the Frigg field in
June 1996,

Objectives

The objectives of the 1996 exercise were :

0 To determine how the weathering processes (evaporation, water-in-oil emulsification and
natural dispersion) of Troll crude oil proceeded in the control (Charlie) and the treated slick
(Hotel, treated by helicopter with the new “Response 3000 bucket) after dispersant
application.

0 To determine how the surface slick resuiting from the underwater release (designated
Uniform) of Trol} crude oil combined with gas (GOR of 1:67), behaved.

0

The field trials in both 1995 and 1996 were performed in order to form basis for building up an

operational and cost-effective dispersant response in Norway (for terminals, refineries, offshore

oil fields etc.).

Surface releases

Two surface released slicks of fresh, stabilized Troll crude oil were released about | nm apart:

¢ One slick, (designated Hotel), was treated with the dispersant Corexit 9500 from a S61-N
helicopter using the newly developed underslung bucket “Response 3000 (described in
Brandvik 1996b) after 4 hours weathering of the oil at sea. The treated part of the Hotel slick
totally disappeared from the sea surface and dispersed into the water column just after the
dispersant application.

0 The other slick, Charlie, was used as a control slick.

Sub-surface releases

In 1995 field trial the oil was released without any gas present, in the 1996 field trials compressed

air was used to simulate an oil-gas biow-out,

0 One release of fresh, stabilized Troll crude oil, together with compressed air simulating gas,
was released from 106 m depth (not discussed in this report, due to too low film thickness for
surface oil sampling).

Conclusions

The main conclusions from the experiments were :

¢ Troll crude oil emulsified slowly and reached 8 maximum water content of approximately 60
vol.% and a viscosity of 2000 cP (shear rate 10 ") after 10 hours weathering at the sea
surface. These measured values were lower than the predicted values due to unstable
emulsions, The weather conditions were rather calm, with an average wind speed of about 4 to
S m/s, and too low to cause breaking waves. The same situation occurred during the August
1995 trials when the Sierra slick was monitored on Day 2 (5 to 6 m/s wind).

The physico-chemical properties of surface oil from the field experiment in 1996 are further
described by Strem-Kristiansen et al., 1996.
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Weathering data from the Charlie slick and the Hotel slick before dispersant treatment is
presented in this report. Predicted evaporation, water uptake and emulsion viscosity from SINTEF
OWM is presented together with field data in Figure 6.1, Figure 6.2 and Figure 6.3 respectively.
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Figure 6.1 : Predicted evaporation and field data Troll erude oil Charlie and Hotel 1996,
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Figure 6.2 Predicted water uptake and field data Troll erude oil Charlie and Hotel 1996,
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Figure 6.3 : Predicted emulsion viscosity and field data Troll crude oil Charlie and Horel,
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6.2 Field and input data 1996
The data from samples taken of the oil slick are given in the tables described here.

Table 6.1 : Overview surface oil sampling in Charlie slick feontrol) 11 - 12 June 1996

Table 6.2 : Physico-chemical properties on water-free residues of Troll crude and their water-in-
oil emulsions from the control slick Day | (Charlie) in the North Sea field trial in June 1996,

Table 6.3 Physico-chemical properties on water-free residues of Troll crude and their warer-
in-oil emulsions from the helicopter treated slick released on Day 1 (Hotel slick) in the North Sea
Sield trial in June 1996,

Table 6.4 : Wind conditions at June 1996 Frigg field trial. Charlie slick.

Table 6.5 : Wind conditions at June 1996 Frigg field rial, Hotel slick.

Table 6.6 : Input data for predictions of Troll crude oil behaviour at sea,

FACHAGTED MMS OWM Phases 1] and [N Task 7Final report doc
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Table 6.1 : Overview surface oil sampling in Charlie slick (control) 11 - 12 June 1996.
1113 Date Time (ocal) Weathering | Latitude / Longitude Film Thickness Pad Comments
time GPS (Global Pws. System) linder, in-sitx) | sample
Chailie | 11.06. | 08.00-08.15 [ Relzasc of Charlie slick.
Cl1 - 0823 0.13 60.00.255 / 002.24.888 Full set of samples collected i thick part of the slick). Shick froat
just before sampling (08.19): 60.00.305 / 002.24.857.
A |- 08.45 05 60.00.322 / 002.25.032 Full set of samples collected in thick part of the slick.
«B |- 08.50 0.6 60.00.322 / 002.25.032 | 3 mm
c3 - 09.15 Lo 60.00.392 / 002.25 268 Full set of samples collected in thick part of the slick (ar buoy
9810). Shick front just before sampling: 60.00.413 / 002.25.269.
ca “ 09.33 13 60.00425 / 002.25.432 Full set of samples collected in thick part of the slick (at buoy
9810). Stick front just before sampling: 60.00.472 / 002.25.498.
crA |- 13.53 5.6 60.00.135 / 002.25.595 | 5mm
60.00.318 / 00225.097 | 10 mm GPS positions were logged during the 3 thickness measurements.
10 mam
cs |- 13.55 57 60.00.135 / 002.25.595 Full set of samples collected in thick part of the stick (at buoy
9810).
C8-A |- 16.51 36 60.01.36] / 002.23.752 Full set of samples collected im thick part of the slick. Lots of thick
cs8 |- 16.55 8.7 60.01.353 /00223742 | ISwm
o - 18.45 10.5
CIo-A | 1206|1425 302 60.01.398 / 002.29.092 1
Cl10B |- “ 302 60.01.367 / 002.29.081 1
LH Time 05 08.15.
® SINTEF 2

Table 6.2 : Physico-chemical properties on water-free residues of Troll crude and their water-in-oil emulsions from the control slick Day 1 (Charlie) in the

North Sea field trial in June 1996.
Wie Isk ) Water-free residwe
Stability **Emaul brea. eff. Em. film thickness properties
Sampting | Weath. time | Water coat. | Density | Viscosity | Shear rate *Dn | "Dia Dy, Do Pad In-sitw Evap. loss | Density
station (bours) (vel%) | (z/ml) «P) (%) (mm) (mm) (wt%) ‘mL)
co [ ] 0 0.887 - - - - - 0.0 0.887
ci al [ 0.891 44 10 00 0.0 0.0 00 - . - 0.892
C2-A 0s 6 0.904 41 10 10 1.0 1.0 10 - - 26 0.897
Cc2-B 06 - - - - - - - - - 3 - -
c 1.0 5 - 37 10 1.0 1.0 10 10 - - - -
c4 13 7 0912 67 10 0.7 0.7 0.7 0.7 - - 89 0.904
C7-A 56 - - 5 - .
10
10

c1B 57 56 0975 1080 10 0.0 0.0 09 09 - - 16.2 0913
C8-A 86 61 0981 1930 10 0.0 00 0.0 1.0 - - 7.7 0914
csB 87 - - - - - - - - - 15 - -
(o] 105 64 0.983 1740 10 0.0 02 00 09 - N 16.4 0313
C10-A 302 - - - - - - - - 0.002 - - -
Cci1o0B 302 - - - - - - - - 0.001 - -

Time 0 is 08.15, 1§ June (oil release finished).

Not performed.

D is fractional delfrydration of emulsion. D, is effect after | kour, Dy is effect after 24 hours. D=0: no water settled D=:1 all water sertled
Effect of 500 ppm concentration of the emulision bresker Alcopol O 60 %, relative to the emulsion volume.




(/mL) |
0.906
0.908
0511
0917

properties
Evap. loss | Density

(%)
0.0
10.1
125
148
203

Water-free resi

13

15

15
10-15

In-sitw

(mm)

Pad
(mm)
170
075
013
005

0.04

*Dia

09
[¥]
02

43
*Dua
09
10
03
0.1

**Emal brea. efl. | Fum. film thickness

*Dia
1.0
08
06
0.1

Stability

*D

)
1.0
08
02
0.1

)
10
10
10
10
10

W/e emulsion preperties

(cP)
138
157
241

2480

0.889
0.948
0938
0.940

0.981

(g/ml)

(vel.%)
25
27

03
15
16

1.67
1.67
1.7
19
3.7
4.00
4.07
4.13
83
95
95
95

Time 0 is 09.15 (oil release finished).

D is froctional delydration of emulsion. Dy, is effect after 1 howr, D1 is effect after 24 howrs. D=0: no water settled. D=:1 all water settled
Effect of 500 ppm concentration of the emulsion breaker Alcopol 060%, relative to the oil volume.

Sample collected in a minor area of the Hotel slick not hit by dispersant.

Not performed.

Day 1 (Hotel slick) in the North Sea field trial in June 1996.
(hours)
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HI-A
HI-B
H1-C

HI-D1
H1-D2
HI-E
2B

Disp. appl.
H3-B
Hies
H5-A
H5-C

Table 6.3 Physico-chemical properties on water-free residues of Troll crude and their water-in-oil emulsions from the helicopter treated slick released on

Sampling | Weath. fimae | Water comt. | Density | Viscosity | Shear rate

statiom
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Table 6.4 : Wind conditions at June 1996 Frigg field trial. Charlie slick.

Cum. time Wind Direction | Cum. time Wind Direction

hours (m/s) (°) (hours (m/s) (°)
*0.0 4.7 174.4 17.0 4.2 74.4
0.5 47 49. 17.5 4.7 434
10 4.2 77. 18.0 4.7 209
1.5 4.7 60. 18.5 2.3 154.7
2.0 4.7 168.8 19.0 23 1547
2.5 4.7 180.0 19.5 3.3 08,1
3.0 4.2 160.3 20.0 2.3 30.6
3.8 38 1575 205 2.8 78.4
4.0 4.2 149.1 210 4.2 75.6
4.5 52 37. 215 6.1 298.1
5.0 56 46, 220 8.0 289.7
.S 5.6 68. 22.5 10.3 309.4
6.0 33 744 23.0 10.8 309.4
6.5 6.1 157.5 23.5 113 292.5
7.0 6.6 35, 24.0 11.3 300.9
1.5 7.0 49 24.5 10.3 295.3
8.0 7.0 60, 25.0 10.3 303.8
8.5 7.5 744 25.5 89 2953
9.0 7.0 1463 26.0 8.9 292.5
9.5 6.6 1575 26.5 8.9 2813
10.0 6.6 63.1 270 9.4 2869
10.5 7.0 88.4 2715 9.4 331.9
1.0 6.6 57.5 28.0 9.4 264.4
1.8 6. 80. 28.5 8.4 289.7
12.0 6. 77. 29.0 8.4 75.6
12.5 3 163. 29.5 8.9 92.5
13.0 5.6 71.6 30.0 8.9 61.6
13.5 6.1 54.7 30.8 4 222.2
14.0 5.6 68.8 31.0 9 275.6
14.5 5.6 68.8 31.5 4 264.4
15.0 56 160.3 32,0 8.4 2672
15.5 5.6 168.8

16.0 52 165.9

16.5 52 168.8

% Start time is 08° 11" June 1996 (start oil release).
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Table 6.5 : Wind conditions at June 1996 Frigg field trial, Hotel slick.

Cum. time Wind Direction | Cum, time Wind Direction
ours (m/s) (%) (hours) m/s (°)
*0.0 4.2 77 16.0 4.2 1744
0.5 4.7 60. 16.5 4.7 1434
1.0 4.7 68, 17.0 4.7 120.9
] 4.7 0.0 17.8 154.7
20 4.2 0.3 18.0 1547
2.5 38 7.5 18.5 208.1
3.0 4.2 49. 19.0 230.6
35 5.2 37, 19.8 . 278.4
4.0 5.6 46. 20.0 4. 275.6
4.5 5.6 68. 20.5 6. 298.1
$.0 33 744 21.0 8 289.7
s.s 6. 7. 21.5 .3 09.4
6.0 6. 15, 22.0 X] 09.4
6.5 7. 49. 22.8 .3 92.5
7.0 7. 160.. 23.0 00.9
1.5 7. 174.4 235 2953
8.0 7, 46. 24.0 303.8
8.5 6. 57, 24.5 2953
9.0 6.6 63. 25.0 292.5
9.5 i 8.4 25.5 ] 281,
10.0 6 7.5 26.0 4 286.9
10.5 6. 0.0 26.5 4 3319
1.0 6. 7.2 27.0 9.4 264.4
11.5 6. 63.1 225 .4 289.7
12.0 5. 71.6 28.0 4 75.6
12.5 6.1 54.7 28.5 9 92.5
13.0 5.6 168. 29,0 .9 261.6
135 56 168, 29.5 4 2222
14.0 5.6 160. 30.0 9 2756
14.5 5.6 168. 30.5 8.4 264.4
15.0 52 163.9 310 8.4 2672
18.5 5.2 168.

% Siart time is 09% 11" une 1996 (start oil release).
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Table 6.6 : Input data for predictions of Troll crude oil behaviour at sea.

| Fresh ol properties

|Specific Gravity (60 F/60 F) 0.893
Pour Point (°C) -12
Reference temperature #1 (°C) 13
Viscosity at ref. temp.#1 (cP) 27
Vanadium (ppm wt.) -
Nickel (ppm wt.} -
Asphaltenes (wt. %) -
n-Pentane Insolubles (wt. %) -
Flash Point (°C) 3
'Wax Content (wt. %) -
Dispersable for visc. < 3000
Poorly/not dispersable for visc. > 7000

Maximum water uptake (%) at 5°C/13°C

Data missing

True boiling point curve
Temp . [ o
°C) volume
(%)
65 1,43
90 3,04
150 9,57
180 13,83
240 24,49
320 45,71
378 5721
420 63,59
525 83,78
565 87,99

Fllm thickness (mm

Initi

Terminal

[ Waeathering properties (laboratory data)

Fresh 130°C+ 200°C+ 150°C+

Boiling temperature (°C) - 210 255 300
Volume topped (%) 0 8 156 24
{Residue (wt %) 100 93 87 78
Specific gravity (g/) 0.893 0.903 0.909 0919
Pour point (°C) -39 215 9 3
Flash point (°C) 3 50 80 119
Viscosity at 13°C (cPy* 27 49 83 200
Viscosity of $0% Ision (cP)* - 343 593 1300
Viscosity of 75% lsion (cP)* - 1815 2673 4790
Viscosity of max water (cP)* - . - -
Maxi water content {%) - 75 75 78
Halftime for water uptake (hrs) - 0.09 0.07 0,13
Stability ratio | 0.78 1 [

Not measured

. Viscosity measured at shear rate 105",
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7 AEA field experiments UK 1997

7.1 The field experiments

During the AEA'97 Experi I Sea Trial outside UK, September (7™ - 24%, the target was
therefore to let the oils weather at sea to a stage where the weathered and emulsified oils were
considered to be more difficult to disperse. During these experimental field trials the following
three oils were released and weathered at sea prior dispersant applicution with Corexit 9500:
« 50m’ Forties weathered for 2 days at sea prior to treatment of 2,5m’ Corexit 9500
» 20m’ IFO-180 Heavy bunker fuel weathered for 4.5 hours at sea pnor to treatment of 0.9m’
Corexit 9500 followed by a 2* treatment 23-25 hours at sea (2.0 m" Corexit 9500)
o 31m’ Alaska North Slope (ANS) crude (d ted "Alpba") hered for 2.5 days at sea
prior to treatment of
1.0 m® Corexit 9500

Due to lack of ground truth sampling of oil weathering data of the Forties and the HFO slicks,
only westhering data and predictions of the Alpha slick is presented in this report.

The primary purpose of the experiments was to measure the changes in oil properties during
wenthenng at sea, and to determine the period of time during which Corexit 9500 can be
idered as a viable option for these oils,

L

In order to have a better understanding and d tion of the likely weathering properties and
chemical dispersibility with Corexit 9500 on the oils planned to be used in the field, it was
decided to perform some laboratory experiments prior the field trial.

Summary

During a laboratory study prior the field trials, the weathering properties and the “dispersibility
properties” for weathered ANS crude and IFO-180 heavy fuel oil were defined. The
experimental data from this laboratory study were used as input to the SINTEF Oil Weathering
Model to improve the validity of the predictions of the weathering properties and in estimating
the “time window" for effective use of Corexit 9500 on the oils to be used in the field trial.

Compared to earlier studies carried out with Corexit 9527 at SINTEF, Corexit 9500 shows an
improvement in the dispersibility up to a viscosity of 20.000 cP on the ANS emulsions. This
gives a significant increase in the “time window” for effective use of dispersant on the ANS
crude.

In addition to the ANS testing, some limited chemical dispersibility testing with Corexit 9500 on
two different batches of IFO-180 HFOs was carried out in SINTEFs laboratories. Alse for the
bunker fuels, the dispersant dosage seem to be very critical to the effectiveness results (dosages up
to [:10 is required). More sy ic gation is also needed in order to better establish the
‘‘viscosity areas" for dispersibility for different bunker oil qualities and their w/o-emulsions.

The viscosity data obtained in the laboratory and by the model predictions generated prior the
trials corresponded well with the weathering and dispersant performance that took place in the
field. These field trials therefore confirmed laboratory studies carried out at SINTEF indicating

@ SINTEF "

that it is possible to disperse ANS crude oil emulsions up to a viscosity of 20,000¢cP and IFO-180
emulsions to viscosities of 20,000 to 30,000 cP. Emulsions weathered to viscosities above these
values seem to disperse slowly / poorly when treated with dispersant. Such available data of the
“viscosity area” the dispersibility are crucial information for the OSC during spraying operations.

The ground truth data of the water content in the surface emulsion gave fairly good correlations to
the model predictions for the first half day after release. However, over the next days, a reduction in
the water content was obtained in the field. This may be explained by an evaporation of the
emulsified water in the surface emulsion probably took place, due to high sea-temperature and
extremely sunny conditions during the experiment period. Temperature in the oil was measured up
to 5°C higher than sea temperature. This needs further investigation because this process in not
reflected in present weathering models. Algorithms for evaporation of water in surface emulsions
should therefore be developed. This is particularty relevant when predicting more long-term
weathering (several days at sea) and under more tempoerate / tropical conditions.

The results from the field experiment in 1997 are further described by Daling, 1998 and also
discussed by Daling and Strem, 1999 and Lewis ef al., 1998.

Predicted water uptake and emulsion viscosity from SINTEF OWM is presented together with
field data in Figure 7.1 and Figure 7.1, respectively.
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Figure 7.1 Predicted water uptake and field data Alaska North Slope 1997.
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Figure 7.2 :Predicted emulsion viscasity and field data Alaska North Slope 1997
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7.2 Field and input data 1997
The data from samples taken of the oil slick is given in the tables described here,

Table 7.1 Physico-chemical properties and “field check” of dispersant and demulsifier
effectiveness of Alaska North Slope crude (“Alpha slick”} at sea. UK Trials, 20. - 23. September,
1997«

Table 7.2 Wind conditions (average wind in m/s) during the AEA'97 field trial used as input
1o the SINTEF Oil Weathering Model.

Table 7.3 : Input data for predictions of Alaska North Slope crude oil behaviour at sea.
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Table 7.1 Physico-chemical properties and “field check " of dispersant and demulsifier effectiveness of Alaska North Slope crude (" Alpha slick ) at sea. UK
Trials, 20, - 23. September, 1997."

Sample / Date / AEA Water Viscosity Dispersibility Emulsion stability and
Time at Sea Time ID-no (vol.%) feP, at 15°C, ar (DER =1 : 25) Demulsifier effectiveness
AEA) (fraction deliydrated ar 15°C)
(Alcopol- | (at shear rate = 10s™) Fivld rest Dosage: ! Diywiin| Dya | D2an
method) (Concawe, 1988) |DER = 500 ppm
Saturday.
Tons of Al sed - - -
1/20 min. AA0016 Good - - -
A2 /40 min, AAD0ITI <5 157 (100sT) Good - - -
A3PosA/lh 1000 AA00175 <5 165 {100s”) Good - - -
A3PosB/1.5h 1030 AAD0I8S 18 266 (100s7) Good Stability 0 [02] 08
Alcopol O 60 0 [04] 10
Corexit 9500 0 (03] 10
Ad Pos A/ 2h 1100 AA00IBY <5 266 (100s™) Good - - -
A4PosB/2h 1100 AAD0193 <5 182 (100s7) Good - - -
A5 /25N 1230 AAD0I9T 20 469 (105 Good Stability 0 03| 08
Alcopol O 60 0 |o7]| 08
Caorexit 9500 0 05] 1.0
A6PosA/5h 1350 AA00206 33 1010 Good Subility 0.1 02| 04
Alcopol 060 | 03 [ 06 | 0.6
Corexit 9500 02 103] 06
A6PosB/6h, 1500 AA00212 25 BI Guood Stability 0 |02] 05
Alcopol O 60 0 |06 06
Corexit 9500 0 0.6 | 0.8
ATPosA/B5h. 1720 AA00214 48 2491 Good Stbility 0 0|0l
Aleopol O 60 0 |02]05
Corexit 9500 0 0.1 | 04
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Sample / Date/ AEA Water Viscosity Dispersibility Emulsion stability and
Time at Sea Time ID-no (vol.%) feP, ar 15°C, at (DER = [ : 25) Demulsifier effectiveness
AEA) (fraction dehydrated at 15°C)
(Alcopol- | (at shear rate = 1 os) Field rest Dosage: Diain| Dys | Digy
miethod) (Concawe, 1988) |DER = 500 ppm|
ATPosB/9.35h. 1820 AAD0220 45 1849 Good Stability 0 0| 04
Alcopol O 60 0 |01 ] 08
Corexit 9500 0 _l01]07
Sunday, 21. Sept.
ABPos A/225h, 0730 AAD0225 45 2703 Good Stability 0 0|02
Alcopol O 60 0 [02] 05
Corexit 9500 0 [02] 04
ABPosB/225h, 0739 AAD0231 43 2812 Good Stability 0 0| 02
Alcopol O 60 0 [01] 03
Corexit 9500 0 [01] 04
A9/325h. 1720 AADO320 35 4948 (AEA) Giood / Reduced | Stability 0 0 1]
(36% KF) 5300 (SINTEF) Alcopol O 60 0 0|01
Corexit 9500 0 0 |01
Meonday, 22. Se|
AlD/54.5h. 1525 AAD0363 30 15076 Reduced Stability [1] 0 1]
All /548 h. 1540 AAD036T 30 19700 (AEA) Slowly / Stability 0 0 0
(35% KF) | 22000 (SINTEF) Reduced Alcopol O 60 0 0|0l
Corexit 9500 | 0 0 ] 02
Al2/55h. 1555 AADO3T] 25 14200 Reduced Stability 1]
Non-treated area (?)
Al3 [55h 1610 AAD03TS 25 10839 (AEA) Reduced / Good | Stability 0 |01]022
Treated area (22% KF) 11800 (SINTEF) Alcopol O 60 0 |o1| 07
Corexit 9500 0 |01 04
Ald [55h, 1625 AADO3ZTY 35 8863 77 (AEA) Reduced Stability 0 1] 0
Non-treated area (?) (37% KF) 15000 (SINTEF) Alcapol O 60 0 0|02
Corexit9500 | 0 | 0 ] 0.1
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Sample / Date / AEA Water Viscosity Dispersibility Emulsion stability and
Time at Sea Time ID-no fvol. %) feP, at 15°C, at (DER =1 : 25) Demulsifier effectiveness
AEA) (fraction dehydrated at 15°C)
{Alcapol- | (at shear rate = 105} Field test Dosage: Dimin| Din | Dia
method) Concawe, 1988) |DER = 500 ppm

Al5/555h 1645 AA00383 25 15027 Reduced Stability 0 0 0
Non-treated area (?)

" D is fractional dehvdration of emulsion. After 2 min, Thour and 24 hours settling after demulsifier addition in the vials
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Table 7.3 ! Input data for predictions of Alaska North Slope crude oil behaviour at sea.
I Fresh oll properties

Specific Gravity (60 F/60 F) 0,908
Pour Point (°C) -31.666
Reference temperature #1 (°C) 13
Viscosity at ref. temp.#] (cP) 76
Vansdium (ppm wt.} -
Nickel (ppm wt.) -
Asphaltenes (wt. %) -
n-Pentane Insolubles (wt. %) -
Flash Point (°C) -
'Wax Content (wt. %) -
Dispersable for visc. < 4000
|Poorly/not disperaable for visc. > >20000
[Maximum water uptake (%) at 5°C/13°C 75

- Data missing

20

Trus boiling polnt curve | Film thickness (mm’
Temperature Cumulative | Initin}
ol volume Terminal
(%)
30 3
82 7
166 19
193 23
288 38
343 49
510 74
[ Weathering properties (Iaboratory data)
Fresh 150°C+ 200°C+ 280°C+
Boiling temperature (°C) - 197 255 320
Valume topped (%) 0 20 26 32
Residue (wt %) 100 84 78 67
Specific gravity (g/) 0.908 0919 0.93 0.947
Pour point (°C) -30 0 3 9
Flash point (°C) - 43 78 127
Viscosity at 13°C (cP)* 76 109 287 853
Viscosity of 50% emulsion (cP)* - 676 1776 4391
Viscotity of 75% emulsion (cP)* - 1819 10000 22000
Viscosity of max water (cP)* - 3059 10000 22000
‘water content (%) - 75 75 75
Halftime for water uptake (hrs) - 028 | 022 0.43
Stability ratio - 1 1 1 1
-2 Not measured
. Viscosity measursd at shear rate 105
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8 Deep Spill JIP 2000

In order to increase the understanding of how oil and gas from subsea leaks or blowouts will
behave in deep water, The DeepSpill Joint Industry Project was established with the aim of
determining the fate of oil and gas released in deepwater by performing full-scale field
experimental reloases.

Objectives

The main purposes of these experiments were:

®  to obtain data for verification and testing of numerical models for simulating accidental
roleases in deep waters;

* to test equipment for monitoring and surveillance of accidental releases in deep waters;

* to evaluate the safety aspect of accidental releases of gas and oil in deep waters.

Verified numerical models combined with improved surveillance of the releases should then

provide a better basis for oil spill contingency planning and envirc 1 impact in

conjunction with future deep water exploration, development and production.

Releases

The experiments were conducted at 844 m depth in the Helland Hansen region in the Norwegian
Sea. 60 m’ marine diesel and 60 m® Stur blend together with 18 m’ liquefied naturat gas (LNG)
equivalent to 10 000 m’ of gas at atmospheric pressure were reloased from a discharge platform

lowered down to the seabed.

The results from the DeepSpill JIP 2000 are presented in Johansen er al., 2000.

Figure 8.1- Figure 8.3 predictions of evaporation, water content and viscosity of emulsion of Sture
Blend compared to sample data from the deep spill experiment. The data from the deep spill
experiment is in good accordance to the predictions made by the SINTEF OWM (Johansen et a/.,
2001).

e Wedtyeod ok 19 Rareoos e 148 et vemmivirie

Sen surface lemperature: 10 °0

om " t LK [] Tt 1 I ]
Hours Deye

Figure 8.1 Evaporative loss of crude vil after resurfacing. Measured values compared with
predictions based on laboratory data obtained from Sture Blend (2000). Note that this
is essentially the same blend of crude olls as the Sture blend used in the experiment,
but previously marketed with another name.
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wereee Wi e G § 8.1 Field data 2000
o e The data from samples taken of the oil slick are given in the tables described here.

Table 8.1 @ Emulsion film thickness (gan) — Sture Blend crude oil

— Table 8.2 - Wio emulsion properties

Table 8.3 : Wind data 2000

Table 8.4 : Model input — weathering data Sture blend

Water conbat (%)

Figure 8.2 Water uptake of Sture Blend crude oil after resurfacing. Predicted and measured
values.

o8 °s 1 ? 2 . & n 1 ? 3 4

Figure 8.3 : Viscosity of emulsion, Sture Blend crude oil after resurfacing. Predicted and
meastired values
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Table 8.1 : Emulsion film thickness (1om) — Sture Blend crude oil

Emulsion
Film Position ") Comments
Sampling ime Water  thickness (sampling techniqus / Visual
(local time) _content.” (W) Lat Long observations)

0902 29 19 65 00,037 450,775  PP-Pad, spot sampling / metallic

0904 29 m 65 00.034 450775  PP-Ped, spot sampling / Thick oil
{Discontinuous / continuous true)

0908 29 38 6500009 450772 PP-Pad, spot sampling / thick oil
(Discontinuous)

0909 9 7 68 00,001 430.719 PP-Pad, spot sampling / metallic

1035 29 15 65 00.150 451.517  PP-Pad, spot sampling / ¢ samples

1036 29 101 65 00.146 451,500 in thick (discontinuous) oil and

1037 29 7 65 00,139 451,496 metallic. In an area with relatively

1038 29 36 65 00.130 451.487 fresh oil

1100 66 676 64 59.635 451091 PP-pad, spot sampling from
emulsified patches

1108 66 1983 64 59.588 451.156 PP-pad, spot sampling from thick
emulsion

110 63 1187 64 59.433 450971  Thick emulsion, estimated > )-3
mm

1116 63 1008 6459398 450989 PP-Pad, spot sampling from thick
emulsion

1116 63 1902 64 59.398 450.989  PP-pad, spot sampling from thick
emulsion

617 69 1264 Ty PP-pad in thick emulsion, 3

1617 69 1204 paraliet samples

1617 69 m

) Position given in geographical degress fallowed by decimal minutes
%) Samples taken in the southern front of the alick (Position not recorded)

282
317
123
335
362
356
393
393

(wt%)®

Evap Joss

properties ®

Water free residwe

Deunsity
(g/oal)
0.8852
0.8806
0.8962
0.8987
0.8967
0.8885
0.909%
0.8950
0.8423
0.8903

D,
0.78
061
027
0.4
0.00
024
0.00

0: no

Stability

pg
050
0.16
0.00
0.08
0.00
0.00
0.00

60

"Dy
053
0.82
083
0.61
0.69
073

efficiency

"p,
053
0.82
0383
061
0.69
0.73

DEmulsiem breaker

(vol%)
292
515
65.8
67.6
66.7
75.1
721
68.5

Water comt
breaker Alcopol 060%, relative to the oil volume

3) Properties of the oil residue after the water has been drained off by 0.5% emulsion breaker Alcopol at 60°C

4) The sample volume was too small to perform the analysis.
Evaporative loss quantified by GC - SINTEF Evap-program)

&

706
1935
3100
6700

an

1o:

Viscosity

at 19(s™%)

Weath. time (g/mp) (@Pas)

Density
0.9259
0.9550
0.9810
0.984]
0.982
0.9910
0.9840
0.8423
0.8903

0.9928
tration of the

1: all water settled.

X3
0.75

@ SINTEF
Tentative

906
920
1010
1055
116
1427
1506

1620

Sampling
station
water settled. D
2) Effect of 500 ppm conc.

200°C+

1) D is fractional dehydration of emulsion. Dy is effect afier 4 hours, Dy is the effect afier 24 hours. D

Fresh cnude

Table 8.2 : W/o emulsion properties



@ SINTEF

Wind speed, m/s

o

120

-180

26. Jun 00:00 27, Jun 00:00 2B Jun 0000 29. Jun DO-DD 30. Jun 00200
Time UTC

Figure 8.4 Plot of wind speed and direction at the Helland Hansen site during the DeepSpill sea

trial. Based vn smoothed data as shown in Figure 6.1,

Table 8.3 : Wind data 2000

Start date : 25.06.2000 00 UTC
Time from start  Wind speed Direction
(h) (m/s) )
0 104 15
6 93 10
12 4,9 6
18 28 337
24 29 316
30 2l 331
36 2, 0
42 32 0
48 6.3 347
54 93 336
60 1L7 335
66 135 334
72 14,2 336
78 14,0 339
84 12,8 341
90 10.7 346
96 9.1 356
102 82 8
108 88 19
114 10,7 26
120 13,6 30

Wind direction, degree

@ SINTEF

Table 8.4 : Model input — weathering data Sture blend (2000)

| Fresh oil properties

|Specific Gravity (60 Fi60 F)

0847

[Pour Point (*C)

3

Refe #1(°C)

13

Viscosity at ref. temp.#1 (cP)

10

Vanadium (ppm wt.)

Nickel (ppm wt.)

Asphal (w1, %)

n-Pentane Insolubles (wt. %6)

Flash Point (*C)

[Wax Content (wt. %)

Dispersable for visc. <

2000

[Poorly dispersable for visc, =

75

(Muximum water uptake (%) ar 5%C/13°C

Data missing
True boiling point curve
Ti C
) veolume
(%)
90 10.62
120 16,74
145 2148
160 24.23
205 32.29
250 40.62
295 50.27
350 61.09
420 T0.84
565 89.12

Film thickness (mm’
Initial

0.5

Terminal

0.5

Weathering pr: ies (laboratory data)

Fresh 150°C+ 200°C+ 250°C+
Boilin tre (°C) = 185 250 03
Volume topped (%) [0 16 28 30
Residue (wi %) 100 6 76 65
Specific graviry (g/1) 0.847 0.877 0.892 0.907
Pour point (°C) 1] 9 6 21
Flash point (°C) - EL B0 119
Viscosity at 13°C (cP)* 0 35 65 350
Viscosity of 50% emulsion (c)* - 190 480 2800
Viscosity of 75% emulsion (cP)* - - 2600 6300
Viscosity of max water (cP)* = = = =
(Maximum water content (%) - &0 &0 78
Halftime for water uptake (hrs) - 0.130 0.100 0.180
Stability ratio - 0.200 0.705 1
Not measured

. Viscosity measured at shear rate 105",
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1. [Installation

The SINTEF Oil Weathering Model (OWM) is delwcrcd on a single CD-| RO'M uomalmng the
model computation engine, user interface and oil type d: t ft W
Install the OWM from Setup.exe from the CD-ROM, and follow the installation instructions.

2. Running the SINTEF OWM under Microsoft Windows

The SINTEF Oil Weathering Model may be started from Microsoft Windows by double clicking
either the icon installed on the desktop by the setup program, or the executable file
C:\OWModel\OWModel.exe.

3. Getting started: a simple scenario

When the model is started using the procedure described above, the main window appears (Figure
3.1). The main window contains a menu bar at the top, and dialog controls for a short description of
the scenario, oil type and weather conditions.

[_;

2000 - TBP MW
EKOFISK BLEND 2000 (Weathenng Data Avadable]

Figure 3.1, The main window of the SINTEF Oil Weathering Model.

- mmodel} Oy L JeH SINTEF NTEF Ol Westhering Model 10_for padf.doc

To run a scenario, first select an oil from the list in the Of Type dropdown-list. If there is a
description available for this oil in the database. it will appear in the Description field in the top of
the dialog. If no description appears, or you want to change the description, you can type a
description yourself (for example “Test case™).

The model gives some default weather conditions, but one has also the opportunity to use the Add
and Remove buttons to alter the sea surface temperatures and winds speeds that are required in a
specific case. For example, a sea surface temperature may be added by typing the value in the blank
field, and clicking the Add button. The specified temperature will appear in the list to the left. To
remove items in either the sea surface temperature or wind speed list, highlight items by clicking, or
multi-select by <ctrl> click, and then click on the Delete button. Notice that a rerun of the model
ions will be v to see the effect of a change made in one of the lists,

v

In the example above, we have selected to run the model for one sea surface temperature (10 °C)
and three (constant) wind speeds (5, 10 and 15 m/s). By clicking the Ge button on the menu, we
thus run 3 scenarios: | sea surface temperature, and 3 wind speeds for this sea temperature. To save
your current scenario settings, choose File/Save As from the main menu.

3.1 Graphical output

Graphics displays are obtained by choosing Ouipur and Graphics from the main menu. This brings
up a menu containing the various properties calculated by the model (Figure 3.2). Click on one of
them, for i the evaporative loss, to display an x-y plot of the property as a function of time.
Then go back to the main window by using the Window menu on top, choose one of the other
pmpmlcs and you can study the graphics by wm in the Window menu. Evaporative loss, water
uptake, viscosity of emulsion, and mass bal are also available using buttons on the tool bar.

Figure 3.2 Graphical output ment.

¢ » F O o0 g Model 1.0._for pdf doc
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Examples of the graphical output are shown in Figure 3.3 and Figure 3.4,

e e

wC

; /j.-./.’,.. -
=i - ! 1
in " L I | [ N 1 1 L

Figure 3.3 Evaporative loss, 10°C sea surface temperature and 3 wind speeds.

Figure 3.4 Mass balance 10°C sea surface temperature and 10 m/s wind speed,

Clmodelling L den SINTEF O TEF il Westhering Model 3.0_fos pef doc

3.2 Output textfiles (TXT, . TX2)

The model produces a text file with 2 summary of input parameters, and 1 table with prediction
results. To view this file, choose Quipur and Text from the main menu. As the output file shows, the
model calculates several properties. These are listed in table form for the time cuts specified in the
Time Cuts form (Section 6). You can print hardcopy of the output file by clicking the Print button.
When you are finished studying the output file, click on the menu File/Exit to close the output
window.

An example of an output text file is shown in Figure 3.5.

&} WrMade1.TXT - Nolepod

Te*® Input Paransters for Wesathering Scenario OWlNodel wereewer

SINTEF 0il Veathering Model @ va.o

01l type : WROFISK BLEND 2000

¥ind spaed : Conscant speed(s)

Tarminal fils thicknsss (ma) T 1.000 .
Anount oil spilled (tomnes) B 9€00.0000 o
RPaleass Duration (min) :  2680.0

Ralease Depth (metars) H 0.0

Gas-oil-ravio (GOR} 5 0.00 / 0.00 cubic fest/bbl

Faczor for lab to fisld emulsificazion rate © &.000

Dansity of sea water (kg/m*3) B 1025.000

Uater depth (m) : §0.000

Fetch (m) H: 100.000 S: 100.000 E: 100.000 W: 100.000

Duration of wind strangth (hre) : 1440.000

Ice type B

Ice Coverage (%} H 0.000

Hass transfer i Friction 3
Viscosivy ratio : Lab =
Calculate entrainbent : No

Calculate evaporation : Yes
Calculate esulsificacion : Yes o=
Haximum water content (V] : Use weathering data below

Laboratory weatharing datas

PROPERTY FRESH 1504 200+ 250+

BOIL-TEHF, C = 192, 248, 250. o
VOLY TOPPED 0.0 17.8 8.0 7.3 .

WTy RESIDUR 100.0 .2 7E.1 6.9

SP. CRAV, kg/l 0.851 0.876 0.688 0.85%

POUR POINT, C 0.0 1z.0 1.0 1.0 .

FLASHPOINT, C =, 0.0 0.0 0.0
VISC at 13.C,eP 93. I 1300 3800 ll

Figure 3.5 Owuipur text file.

For the purpose of giving the user the possibility of making his'her own graphs of prediction results,
a <scenario name>.TX2 file is generated in the same directory as the scenario file (OWM-file); e.g.
in the C:\OWModel3.00SCENARIO directory. This file may be directly imported into Microsoft
EXCEL, simply by opening it from EXCEL, and clicking Finish (without having to do any further
specifications). By this procedure, the data table(s) “slides™ directly into the actual worksheet, and
the user is free to graph the fields in the preferred way.

L Jes SINTEF TEF 01 Weathering Model 1.0_fir pdf doc
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4. Variable wind speed

In the example above, constant wind speed was used in the predictions. In an actual spill situation,
however, the wind varies with time in a way that may be specified from measurements or weather
forecasts. Click on the radio-button labeled "Read Wind Data from Disk™ 1o enable the dropdown
wind speed file list. This list works in a way similar to the scenario list. The user may either specify
anew wind file in the edit box, or he may click on the Browse button to select an existing wind file.

A simple wind speed editor is included to create and edit wind files. Click on menu Model/Wind
Editor to bring up the editor. The wind file editor is shown in Figure 4.1. To create a new file, it s
suggested 1o use an existing file as a template. The first five lines in the file are header information,
not used in the present version of the OWM. Each subsequent line contains a time in hours from
spill start, a wind speed in meters per second, and a direction in compass degrees from which the
wind comes. The wind direction thus foll logical convention, with 0" being from the
north towards the south and 90° being from the east towards west. When one has specified the wind
data for the desired period, click on the Save As or Save button to save the wind file and close the
editor. Select the new wind file in the Read Wind Data from Disk edit box, and the model is ready
to run. If you wish to re-format existing wind files for use with the SINTEF OWM, either a tabora
blank space between time, speed, and direction in each row will suffice.

Note that the OWM checks the wind file for new values at each time cut, and uses the previous
wind values until a new time cut is encountered. To assure that all wind values are accounted for in
a simulation, the time cuts (under the menu item Model) should match with the wind time intervals.

wind Editor

Figure 4.1 Example format for input of time-variable wind.

c: proy Liser G EF 04 Westhering Model 10_for pdf doc c £r ) TEF TEF OHl ing Mode 3.0_for pf dec




@ SINTEF =

5. The graphics output window

Examples of the graphical output window were shown in Figure 3.3 and Figure 3.4, The menu bar
of this window has several extensions in addition to the standard system menu items.

These give the user the opportunity to:

Edit the text in the graph, Edfit/Select Caption Font and Select Label Fom.
manually scale the y-axis, View/Set Scaling,

put comments in the graph, View/Edit Comments,

save the graph to disk, File/Save as,

get hardcopies of graphs File/Primt,

and load an old graph from disk File/Open

Choosing Edit/Select Caption Font, brings up the window shown in Figure 5.1.

Figure 5.1 The text formatting window.

Choosing View /Set Scaling, brings up the window shown in Figure 5.2, where certain settings may
be altered in order to customize the y-axis scale.

C Ll tuey Gmiden SINTEF EF Ohl Weathering Model 1.0_for pdf doc
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Figure 5.2 The scaling window.

Choosing View/Edit C brings up the window shown in Figure 5.3,

Figure 5.3 The comments editor window.

This window lets you type comments that will be displayed beneath the graph. Text will
automatically wrap to the next line when a line is too long. To force a line break, type Crrl-Reton.

[~ CTEF QWS TEF il £ Model 1.0_for pdf doc
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6. Changing the time window

By default, predictions are performed for the time window ranging from fifteen minutes to 5 days
after the spill. The user may change this time window by selecting Model and Time cuts, in the
main menu. This brings up the window shown in Figure 6.1.

Figure 6.1 The lime cuts window.

In this window the user may add and delete time cuts in the same manner as with sea temperatures
and wind speeds by using the edit box and Add and Delete buttons. A utility for quickly filling the
time cuts list box is also included. Here, one types the number of time cuts to use, the start ime, and
the step (linear scale) or factor (logarithmic scale) between succeeding time cuts into the
ponding edit Is, and then clicks on the Fill list button. Clicking on the Clear list button
empties the list of time cuts. Notice that the time scale may be logarithmic or linear. The default
time scale is logarithmic in order to get a higher resolution in the early stages of a spill. The
maximum time for which the model can perform predictions is currently set to 480 hours (20 days).

Care should be taken when specifying the time cuts in order to obtain smooth graphs. The time cuts
specify for which times the weathering state of the oil will be stored under prediction, and for which
times to put numbering on the x-axis in graphs. Thus, a sufficient number of time cuts should be
used to obtain a satisfactory resolution, while at the same time not making the graph crowded with
numbers along the x-axis. A number of 13-20 time cuts gives visually good results. For time cuts
exceeding 24 hours, the numbering along the x-axis is divided by 24 to give the time elapsed in
days. Thus, the time cuts exceeding 24 hours should be chosen at an even 6, 12 or 24 hours so that
the numbering along the x-axis becomes casy to interpret (1.25 or 1.5 days instead of 1.208 days
and the like).

Chmodelling projeenil s Grades SINTEF EF 06l Weathering Model 3.0_for paf o
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7. Changing model parameters

In addition 1o oil type and weather conditions, the experienced user may change a number of mode|
parameters. By choosing Model and Model Parameters from the main menu, the window in Figure
7.1 appears.

Figure 7.1 The Model Parameters window.

Terminal film thickness (defanlt from database)

Specifies the minimum oil film thickness that the oil film will approach in the case of an oil release
on the sea surface. The default value depends on the oil product selected. The value specified refers
to the terminal thickness of the thick oil, not the blue sheen that appears around the edges. In the

case of some petrol di such as line, the inal thickness may equal the sheen
thickness. In lhe case nt’ a seabed blowout (specified by Depth greater than zero), the physical
g the film thick forming on the sea surface are not petroleum product

spemﬁc ln the Iatl.zr case, the terminal film thickness is set to zero, and the respective field in the
screen window is disabled.

Depth (from where the oil release occurs)

The depth of the release, in the case of an underwater release, is specified in the Deprh field in the
Release properties section of the screen window. By choosing a value greater than zero, the model
implicitly assumes an underwater release from this depth. This also activates the Gas-to-Oil ratio
Sield described below. Note that Deprh should not be set greater than Water depth described below.

STEF OWNISINTEF Oil Weathenmg Model 1.0_for pdf doc

Gas-to-Oil ratio (GOR)

In the case of an underwater release (when the Deprh field is set to a value greater than zero), the
Gas-to-Oil ratio (GOR) field in the Release properties section of the screen window is activated.
The GOR is a petroleum well specific value, and may vary greatly from field to field. The values
may be given as a pure ratio (without denomination) or in cubic feev/bbl, specifying the volume
ratio between gas and oil in an underwater leakage. The OWM 3.0 implementation assumes a
regime where the dominating force regarding surfacing of the oil is gas driven (dominating the oil's
inherent buoyancy). For this reason a lower limit is set for GOR: at least 10 or equivalent 56.15
cu.f/bbl.
Rel and dy

Amount spilled is specified in metric tons, barrels, cubic meters or liters, Duration 15 specified in
minutes, hours, or days. The user may choose specifying either oil release volume and duration or
oil release rate and duration. In the calculations, the program first calculates the mte of release in
metric tons/minute, and uses this rate in all calculations.

Density of water
Specifies the density of the water in which the oil is spilled. The default value is 1025 gm/1, which
is a typical value for seawater. Water density affects spreading of both fresh oil and emulsion.

Water depth

Specifies the depth of water at (and around) the spill location. The default value is 50m. This value
is used by the model for calculating wave height, and needs to be changed to suit your area. Note
that this value should be set greater or equal to the Deprh of the oil release, described above.

Fetch
Specifies the distance to shore (or an ice edge) in four directions: north, south, east and west. The
default value is 100 km in all directions, which ponds 1o a spill in open sea. These values will

influence the build-up of waves and thus the rate of natural dispersion. They need to be changed
only if the spill site is very close to shore or an ice edge. Appendix D shows equations for shallow
water significant wave prediction curves as functions of wind speed, fetch length, and wind
duration, and depth (based on the U.S. Army Corps of Engineers Shore Protection Manual, 1984).

P al dis i ion and emulsification

These are ow’off hl.mons for the lhree processes calculated by the model. The Evaporation button is
always wmed on (cannot be turned off), but the other two may be turned on or off to study their
individual effects on the oil spilled at sea. By default, all processes except natural dispersion are
tumed on.

Arctic conditions

Data from a full scale field trial in the Arctic ice south of Svalbard (Spitsbergen) in the Barents Sea
have been used to calibrate spreading, natural dispersion, evaporation and emulsification in the
presence of ice blocks, or thick (> 0.5 m) sheet ice. The of sea ice red the spreading
rate of the oil, which in tum red the evaporation rate (and 1 the thick ). The ice also
damps wave activity, which reduces both natural dispersion and emulsification,

Cormode dex SINTEF OWMSINTEF Oil Weatherimg Model 1,0_for pdf doc
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7.1 Viewing oil database contents

The oil type database is designed to in fresh oil properties, boiling point curve, Iabur.tloqf
weathering data and pmpcnms of cuts for an arbitrary number er of oil types. To load and view
information on a specific oil type follow these steps:

Select the oil type from the oil type drop down list in the main window.
Select Oif rypes and Ol Properties from the main menu (Figure 7.2),
Select the type of information you want.

W tode 10

Figure 7.2 Oil properties window.

The selected information is displayed in a dedicated text editor shown in Figure 7.3, and may be
altered, copied or printed. Alterations 1o the text are made possible so that the user may prepare
printouts, for example a subset of the infi ion. These alterations will not be stored in the
database. The boiling point curve may be viewed in graphics as well by choosing the button labeled
Graphics, in the editor window.

Lab: Y hering data p ly exists for about 50 crudes and 15 refined products. However,
predll:ums may be pcrﬁ:lmed based merely on the standard crude assay for an oil type. This allows

to be perfi | for all the oil types in the oil datbase, but with results being less
m:uralc for the il types for which no laboratory weathering data exist.

c: : TEF TEF Ol Weathering Model 10_far pdf doc

|rrosuce Type: coma
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Tanr: 2000
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Figure 7.3 Example of information from the text editor.

7.2Setting filters on the oil database

The oil type database contains abowt 200 crude oils and refined products, mostly taken from the

HPI Crude Oil Assay Handbook (1987). Although these are ordered alphabetically. the list is
difficult to navigate. For this reason, a database filter utility has been included.

Choosing Oil types and Oil daabase query. from the main menu, brings up the window shown in
Figure 7.4:

Figure 7.4 Tbe oil database  query window,
Cemodeling |
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Filters may be set on seven different properties (and combinations of them):

Data source
Geographical area
Product type
Existence of
Pour point range

API gravity range
Specific gravity range

thering data (lab y analysis results)

b 1

A filtering by data source, geograg | area and p type is set by clicking on a line of text in
one of the list boxes. For example, if you click on Alaska, USA in the geographical area list box,
only oil types from this location will be visible in the oil type dropdown list in the main window. If
you also click on HPI Crude Oil Database in the data source list box, and CRUDE in the Product
list box, only crude oils from Alaska and provided by the HPI Crude Oil Database will be visible in
the oil type dropdown list.

The filter also gives the possibility of selecting oils within a specific pour point range and/or gravity
range (either API or specific gravity). This is done, simply by putting a tick-mark in the box to the
left of the according range box(es), and specifying the desired range(s) in the Min and Max fields.

If the user furthermore wants to restrict the selection of oils to those with lab weathering data, this
may be done by putting a tick-mark in the box to the left of the text "Oiltypes with lab weathering
datea only "'

If the user wants to The contents of the oil type dropdown list may be sent to a printer device by
selecting Ol type and O type list from the main menu.
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Although this tool is intended for ing standard SINTEF Manual graphics, which use four
8. Making graphics for standard SINTEF manuals constant wind speeds and two sea surface temperatures, it may just as well be used for other
A special tool for making graphics for the standard SINTEF Oil Weathering Manuals is designed to configurations, including variable wind speed.
quickly get pri of all the properties predicted by the model. The window for defining i i i . . i .
1 istics of 1 graphics is brought up by selecting Output and Manual.. from the main To print gtaph_lcs. select f‘:}e and Print. Then select the s!)tt.‘lﬁc properties one wants to print. Tn_:
menu. This window is shown in Figure 8.1 create a graphics file (Windows Metafile format) for use in reports or other documents, select Fife
and Export to Metafile.

j “anual Settings

Figure 8.1 The manual window.

The Manual window lets the user edit the header, customize the y-axis, and add comments to the
ious oil properti lculated by the model.

The dropdown list at the top of the window lets the user select one of the available properties. The

graph header, y-axis scaling and for this property will then be loaded and displayed, and

the user may alter these as he pleases.

The utilities for customizing the y-axis and typing work as described in Section 5, but

some extra facilities have been added 1o the comments editor. These are represented by the buttons
along the right and lower edge of the comments edit box. The two upper buttons let the user copy or
paste text to and from the Windows clipboard. The two lower buttons let the user save the text in
the comments edit box to a text file, or load a text file into the comments edit box.

The edit box for the graph's header is similar to the comments editor, except that words don't wrap

1o the next line when the line is to long. Instead the text automatically scrolls 1o the left. However, if

the lines are too long, they will be clipped when sent to the printer for hardcopies.
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9. Coupling the SINTEF oil weathering model to oil drift models

It is possible to link the SINTEF Oil Weathering Model to oil drift models through a common block
that allows the programs to share information characterizing oil patches or spillets. This capability,
described further in Aamo et al. (1993: Appendix E), requires some cooperative effort with the
developers. Contact SINTEF Materials and Chemistry, Marine Envi | Technology, for
further information.

10. Editing oil database

By using the oil database edit wtility, OILDBED, the user may add, delete and change data on
existing oil types as well as entering new oil types. The oil data base editor is started from
Microsoft Windows by double clicking either the icon installed on the desktop by the setup
program, or the executable file C:AOWModel\OILDBED.exe. The Main window is shown in
Figure 10.1.

NORTH SEA

Figure 10.1 Main window of il database editor.

10.1 Editing data on existing oils and create new oils in the database

To edit data on existing oils in the database, select File/Open and choose an oil from the list. The
data for the selected oil type will appear in the main window and editing can be done. The editing is
done in accordance with the description of how 1o add oils to the database (chapter 10.2) below.
Choose File/Save before closing (and saving changes) of existing oils and File/Save As and give
new oil type name before closing (and saving) the new oil type. If the user wants to filter outa
selection of oils just press the Filter button in the File/Open screen window This will bring up the
filtering menu for which the use is deseribed in chapter 7.2 above.

10.2 Add oil types to database
To add oil types to the database select File/New and type the new oil type name. This name will
appear in the oil type selection list. The main window (fig. 10.1) will appear on the screen (with

c » EF Onl g Monde] 3.0_for pdf doc

blank data fields). The Main window includes fields for entering oil type descriptions, true boiling
point curves, fresh oil properties and data from weathering analysis, Use Tab or lefi-click with the
cursor to move from one field to another. Use period as decimal point.

10.2.1 Fields for entering oil type description and source
Fields for entering oil type description and sources are listed below:

Source:

Select (laboratory) source from the Source scroll menu. If the relevant source does not appear in the
list select Data/Sonrce on the menu bar, add the source name and eventual extra description in the
Deseription field, and close the source window. Fig 10.2 shows the screen window for adding new
source data.

Figure 10.2 Adding new source data,

Location (region):

Select the region location from the scroll menu. I the region location does not appear in the list,
select Data/Location on the menu bar, and add the new location similar to the procedure described
for adding new source data above.

Product:

Select product (type) from the scroll menu. Selection of a product (type) will initialize the default
terminal film thickness for OWM predictions using this product. If the relevant product does not
appear in the list, select Data/Product on the menu bar, and add the new product similar to the
procedure described for adding new source data above.

Year:
Enter the year the analysis has been prepared or added 1o the oil database.

c & projects ; FTEF OWMSINTEF Ol Westherng Medel 3.0_for pdf doc
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Description:

Describe the history of the data like e.g. “data from XXX 1999 have been updated with TBP data
from 2002, Descriptions, that do not fit inside the Description field, may be added using the /nfo
Fife button, which opens a deseription text file for entering free textual information (e.g. oil
company, date of sampling etc), to be saved together with the actual oil type.

Figure 10.3  Adding extra information for the actual oil type.
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12. Index Emulsion
Beaufort Wind Scale 21 Rnfm Io a water-in-oil emulsion, where water droplets of varying sizes are mixed into the oil. This
Duration of wind, 12 i has properties that are quite different from the water-free oil.
Fetch, 12
Graphics, 17 E
Initial film thickness, 1 TApOTAtion o ) )
Installation, 3 The process of releasing lighter fractions of the oil to the atmosphere as vapor.
Manuals, 16
Model parameters, 11
NawalP::mion. 12 Natural dispersion
Oil type database, 13 The process of oil going into the water column as droplets of varying sizes. Induced primarily by
Output, 16 breaking wave activity.
Setting filters, 14
Terminal film thickness, 11
Text, 6 Viscosity ratio
The main window, 3 A number giving the ratio b the viscosity of the Ision and the viscosity of the
Time cuts, 10 corresponding water-free oil:
Variable wind speed, 7
Viscosity, 20
Weather conditions, 4 -
Wind Data from Disk, 7 T
where
i = wiscosity of emulsion
13. Glossary Ho = viscosity of water-free oil
Blue sheen Stability
The part of an oil slick that is very thin (just a few microns).
An Ision is idered pletely stable if no water separates out after 24 hours of setting. The
regeay Y n D of an 15 simply
waler-in-oll
cunuliios um D = (WORwer— WOR24)/WORer
whm WOR is the water-to-oil ratio in the emulsion, and the subscripts ref and 24 refer to the
Ision and the Ision after 24 hours ofsenhng. respectively. The stability S is then 1
~ D, so that a stability of | ponds to a pletely stable Ision (D = 0).

Sheen (< lpm)

The properties predicted by the model are those of the thick part of the slick.

Emulsification
The of mixing water-droplets into the oil, forming an emulsi
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Appendix A: Table of the Beaufort Wind Scale

Beaufort Scale Description Wind speed
number m/s kts
0 Calm 0-0.2 1.0

1 Light air 0.3-1.5 13

2 Light breeze 16-3.3 4-6

3 Gentle breeze 3434 7-10
4 Moderate breeze 53.7.9 11-16
5 Fresh breeze 8-10.7 1721
6 Strong breeze 10.8-13.8 22-27
7 Near galo 13.9-17.1 28-33
8 Gale 17.2-20.7 34-40
9 Strong gale 20.8-244 41-47
10 Storm 24,5-28.4 4855
11 Violent storm 28.5-32.6 56-63
12 Hurricane 232.7 264
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Appendix B: Step-wise instructions for running the SINTEF Oll Weathering
Model

1,

Double-click on the SINTEF Oil Weathering Model icon, or on the executable file
OWModel.exe. The main window of the model now appears.

Type a description into the description edit field.

Choose an oil type by clicking on the arrow at the right of the oiltype box, and then selecting
from the list that appears.

Type a sea surface temperature into the temperature edit box and click on the Add button (or
select and delete one or more default values)

Type a wind speed into the wind speed edit box, and press the Add button (or select and
delete existing values),

Chooss "Run” from the Model menu to perform predictions.

Choose "Graphics” and ‘Evaporative loss” from the Output menu to view resulting graphics.
Double-click on the icon in the upper-right-hand comer of the graphics window to close it.
Repeat 6 and 7 for other graphs of interest.

Double-click the icon in the uppor-left-hand corner of the main window to close the SINTEF
Oil Weathering Model.
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Appendix C: Technical documentation

The model calculates four physical p preading, evaporation, oil-in-water dispersion and
water-in-oil emulsion formation.

C.1  Spreading of surface spills

Force balance

The force balance equations may be derived for an oil slick in a channel with a counter flow in the

undcrlylng water, i. . corresponding to an oil slick confined by a boom (Figure C1). On this basis, a
hip is ot 1 b the density and volume of oil confined by the boom, and the

strength of the counter current.

| % J

Figure Cl. Ildealised view of oil spreading against a counter flow in a channel,
The pressure force Fy is due to the density difference between oil and water:

Vppa
F, =3Bk pg 0

where B (m) is the width of the channel, & (m) is the oil film thickness, p (kg{m‘) is the oil density,

and g’ (m/s”) is the reduced gravity: g'= g(p, — p)/ p..

The shear force F, is due to the friction between the oil and water in motion:

F.=3x;:_% 2

where X" (m) is the length of the oil layer, u_ (Ns/m’) is the dynamic viscosity of water, U (m/s) is
the water velocity, and & (m) is the thickness of the boundary layer in the water.
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The latter may be exp: 1 by the Blaussius fi la for flow around a flat plate:

g:‘=3\-,"’J§ (3

where v (m%/s) is the kinematical viscosity of water. v, = u_/ p_.

Spreading equation

By taking into account that the confined oil volume is V= B X k. substituting for the boundary layer
thickness, and equating the two forces, the following expression is derived for the equilibrium
length of the oil layer:

I

3Vipe 3
X'[z = ] (p.u,) s (4
If the oil is spreading on stagnant water, the velocity U may be presumed to represent the spreading
velocity, i.e. U= dX/dr. Equation 4 will then be formed into a separable differential equation in
1 with the solution:

x0=13(pg) (oo )i 1" (5)

where g = V/B, i.e. volume of oil per unit width of the channel.

By use of the mass conservation equation ¢ = XA, equation 5 may alternatively be expressed in
terms of the film thickness A, and be transformed into 4 suitable differential form which may
account for changes in the oil propenties with time:

dia oS 2L
v =150 p)? (poaa, ) (©

This differential equation may be combined with any oil mass conservation equation relating / and
Xto the oil volume, i.e. any equation of the type ¥ = (1,4, X). It should be noted that a
conservation equation may also for ¢t in the oil volume with time due to evaporation
or emulsion formation. Excluding this for the moment, we may illustrate the concept by a few
examples:

- For laleml spreading of a slick formed from a continuous surface leak with a discharge rate
m(m's)ina steady surface current of velocity » (nv's), the oil conservation equation may be
written as ¢ =m/u =2h X , where X represents the half width of the slick.

- For an instantaneous spill, the conservation equation may be written as ¥ = x X *h , where 1/
(m’) is the spilled oil volume and X represents the radius of the circular slick.

- Fora continuous leak on calm water, the same equation applies, but ¥ will be increasing
with time; F'=m 1, where m (m'/s) is the release rate,
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For a continuous leak from a point source in a steady current, the oil vol will also 1 in
proportion with time. In this case, gravity spreading will take place ulong t\w axis (u’uss-smm
and downstream), but the cross-stream (lateral) I is p d 1o d

as the slick is extended d due to advection with the t Th:s assumption may be
valid in cases with relatively strong currents and moderate spill rates. For weak currents and large
spill rates, gravity spreading may have to be considered along both axis to get a realistic picture (see
Figure C2).

-

= 4
' :

.

Figure C2. Spreading of an oil slick from a continuous oil leak in a steady current. The slick may be
defined in terms of X, and Xa, representing half axis of an elliptical slick, with X,
aligned in the downstream direction. The oil conservation equation may then be
expressed as V = mt = haX, X, where m (m'/s) is the spill rate. The progression of X,

and Xy may be compured by 1on 6, while including an extra di eam
elongation due 1o the current [dX| =0.5udt) in the pmon‘of time when the oil is
leaking.

Taceinal™ 1

The approach sketched in Figure C2 is in fact unifying all the Fay spreading p
from i spills, via i spills on calm water to continuous spills in a steady
current (Fay 1969, Fannelop and Waldman, 1972). Figure C3 illustrates this concept for two cases.
The same amounts of oil are released in both spills (2400 m *). but the duration of the releas: is2
hours in the first case (a), and 24 hours in the second case (b). The oil density is 850 kgfrn in both
cases, and the surface current is presumed to be moderate (10 cm/s). The results show that the
calculations for the first case approaches Fay's equation for radial spreading on calm water, while
the second case approaches Fay's equation for lateral spreading of a continuous spill in a steady
current.
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Figure C3. Graviry spreading computed with cqumr'oﬂ [ for two cases: 2400 m" of oil released in 2

hours (top), and 2400 m' n )i d in 24 hours (b ). The caleulations are made with
an oil density of 850 kg/m'. The coloured lines depict the corresponding results of
spreading equations for i releases ("Radial Fay"), and lateral spreading

Jor continuous releases in a steady current (*Lateral Fav™).

C.2  Surface spreading of subsea bl

The surface spreading of oil from a subsea bl is g d by the g ion of a rising gas
bubble plume that entrains ambient water. Surfacing of the entrained water produces a radial
outflow at the sea surface. The oil will be camried to the surface as fine oil droplets dispersed in the
entrained water. A surface slick will form as the dispersed oil droplets settle out of the radial
outflow of entrained water.
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According to Fannelep and Sjpen (1980), the surface velocity distribution in the radial outflow can
be approximated by a source flow equation:

. S
U= 7 )]

where S (m?/s) is the source strength.

Under such conditions — provided that all the o0il comes to the surface. the oil film thickness h (m)
may be estimated from the source strength and the oil spill rate m (m’/s):

h=miS ®

Fannelep and Sjeen (op cit) also show that the source strength S depends on the characteristic
radius b (m) and velocity w (m/s) of the surfacing plume:

S=krbw &)
where k= 4.86 is a constant.

The same authors also presented a basis for establishing the characteristic plume radius 5 and
velocity w in terms of a non-dimensional solution to the plume equations (Figure C4).
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Figure C4. Non-dimensional plume radius and plume velocity computed for subsea ga.r blowouts
(Fannelep and Sjeen 1980). See text for definitions of the di ional variables.

The non-dimensional variables are defined as follows:
X=z/H,B=b/2alH, W=w/M,

whereM =|:¢_"(M)]m (10

2a’H
In these equations, / (m) is the pressure height, H = H,, + H,,, where Hy is the water depth and H,
is the pressure height corresponding to 1 atmosphere (10 m), @, = g¥,/x (m*/s’) is the buoyancy

flux at the exit, where ¥, (ra/s) is the exit gas volums flow rate, while @ =0.1 and 4 =0.65 are
parameters related to plume dynamics.
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The basic blowout specific variables in these equations are water depth Hp and the exit gas volume
flow rate ¥, . The latter may usually be derived from the oil discharge rate m (m’/s) and the Gas-to-
Qil Ratio, GOR, representing the ratio between the released gas volume and oil volume at normal
conditions (1 atmosphere and 15°C). Neglecting the minor correction due to the temperature
difference, the ideal gas law gives:

Vo=mGORH,/H an
The non-dimensional variable X at the sea surface is defined from the actual water depth, i.e.

X =H,/H . The corresponding non-di jonal values B and W may then be found from the
graphs shown on figure C4, or from curve-fitted functions based on the original data. The actual
plume variables (5 and w) may then be determined by rescaling B and W with known X and M, the
latter calculated from the exit volume flux (see equation 10).

It should be noted that this approach is valid under certain conditions that in general imply that
effects of cross flow and stratification can be neglected. In practice, the concept should be limited to
cases with significant gas volume fluxes (GOR > 50) from moderate water depths (< 300 m).

C.3 Evaporation

The evaporative loss is computed based on a pseudo- pproach, where the composition
of the fresh oil is given by it's distillation curve (Remhart and Rose, 1982) The rate of evaporation
for component / is given by:

) _ _atgnM0)p ) (12)
dt PINAORT
where

Qi(t) is the mass per unit area remaining of fraction / (kg/m’)
a(t) is a wind dependent mass transfer coefficient (mvs)
M(t) is molar weight of liquid mixture (kg/kmol)

pi(t)  is vapor pressure of fraction j N/'m?)

p(t) s density of liquid mixture (kg/m’)

h(t)  is oil film thickness (m)

R is universal gas constant (J/kmol K)

T is absolute temperature (K)

The wind deperident mass transfer coefficient a(t) is calculated according to Amorocho and
DeVries (1980):

a(r) = CU() (13)
where

Cs  is an air/sea drag coefficient
U(t) is wind speed (mv/s)

The air/sea drag coefficient Cq is itself dependent on the wind speed:

. \2
U
C= (m] 14
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with
cu(n for U(t) <y,

U ={Cy, +(Du,—Cul)U—"(:)_;u:‘Lfor usUMN Sy, (1%)
DU() Sor U > u,

where

C, D, u; and u; are constants (0.0323, 0.0474, 7 and 20 respectively).

C.4  Oll-in-water dispersion

The model used for prediction of entrainmnent of oil from the sea surface is described in Reed et al.
(1992), and is based on the empirical formulation of Delvigne and Sweeney (1988):

Q,=C'D* SF, d Ad 16)
where
Q4 is the entrainment rate per unit surface area of oil droplets with diameters in the range
d; - Ad to d; + Ad (kg/m’s)
C* s an empirically derived entrainment coefficient
D is dissipated wave energy per unit surface area (kg/s’)
S is fraction of sea surface covered by oil
Fuw  is fraction of sea surface covered by breaking waves per unit time (1/8)
d is mean diameter of particles in size class i (m)
Ad s particle diameter interval (m)
The empirical coefficient C* is a function of the viscosity of the oil:
C* = 4450v° an
where
v is the kinematic viscosity (m’/s)
The dissipated wave energy D is approximated as:
D =0.0034p gH? (18)
where
pw  is density of seawater (kg/m’)

g is gravitational accelerstion (m/s®)
Hy is breaking wave height (m)
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The fraction F of sea surface covered by breaking waves is approximated as (Monahan and
O'Muircheartaigh, 1980):

F=310"U®" 19
where

U(t) is wind speed (m/s)

The fraction covered by breaking waves per unit time Fy. (s') is found by dividing F by the mean
wave period:

F, =FIT, (20)

where
To  isthe mean wave period (s) computed from wind speed, water depth and fetch (Appendix D)

Currently, no rise times are calculated in the model. Resurfacing of oil is assumed to happen
instantaneously for oil droplets with a diameter of more than a limiting value dy, = 370 um, while
smaller droplets are assumed to be permanently entrained, or to resurface behind the slick, forming
a blue-sheen. Droplets are divided into 10 groups between 0 and the limiting droplet size.

C.5  Water uptake and surface ofl properties

The algorithms for water uptake and changes in oil properties are calibrated to laboratory
weathering data. Laboratory weathering data relates the different oil properties to fraction
evaporated. The following table shows an example of a lab data table for a North Sea crude.

Property Fresholl | 150°C+ 200°C+ 250°C+
(w 1 hour) (w 1 day) (w1 week
Boiling temp. (°C) - 197 254 305
Volume topped (%) 0 14.6 27.8 36.9
Residue (wt. %) 100 88.1 76.9 67.2
Specific gravity (kg/l) 0.853 0.883 0.895 0913
Pour point (°C) -6 9 12 21|
Flash point (°C) - 51.2 939 126
Viscosity at 13°C (cP) 15 33 67 254
Viscosity of 50% emulsion (cP) - 880 1420 2700
Viscosity of 75% emulsion (cP) - 5300 8600 16000
Viscosity of max water (cP) - - - -
Max. water content (%) - 90 85 72
Halftime for water uptake (hrs) - 0.22 0.27 0.56
Stability ratio - 0.85 0.86 1.0
c: j Juar 'TEF OWMSINTEF Oil Weathering Model 3.0_for pdf.doc.
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C.6  Water uptake
Water uptake W(1) is calculated as a stop-wise exponential:

&
W(t+ A1) =W, ()= [, () -W(OP.5" @
where

Wn(t) is maximum water content (%)
A(t) s the time-step (s)
tin  is a wind dependent half time for water uptake (s)

The tin-value and Wr(t)-function are derived from laboratory data which relates rate of water
uptake and maximum water content to fraction evaporated. From this data, a reference half time t,¢
for a reference wind speed of 10 m/s (in the ficld) is found as:

1, =Cly, 22)
where

s i8 an average of half time values found in the laboratory for artificially weathered oil samples
()
C  is an empirical constant (4-6)

This reference half time is used to adjust t;; to other wind speeds based on data reported by
Cormack (1983):

2
1+
= —
s [“Umj| oy @3)

whero

twe  i8 found from equation (22) (s)
Urer i8 10 (m/s)
Uy is wind speed (mvs)

Wi, as a function of fraction evaporated is found from lab data by assuming that maximum water
content is linoarly dependent on the fraction evap d and fitting a straight line to the availabl
data. By applying the evaporative loss found from intograting equation (12) to this line, W(t) is
found.

c p Joer G ITEF OWM\SINTEF Oil Waatbaring Model 3.0_for pdf.doc

C.7  Surface oll properties

Four oil propertics are predicted in the model. These are pour point, flash point, density and
viscosity of water-free oil. These properties vary as curve fits with laboratory measured values and
fraction evaporated as shown below (Johansen, 1991).

Pour point (°C):

p=é 213 29
Fiash point (°C):

F=elr 273 25
Density (g/1):

po=a,+b,f (26)
Viscosity (cP):

o =™ @n
where

f is fraction evaporated (-}
ap, by, 8, be, 85, by, 8,, b, are regression factors

By applying tho evaporative loss found by integration of equation (12) to equations (24)-(27), the
corresponding functions of time are found.

The density of emulsion p(t) is calculated as:

Wnp, +[100-w(n]e.(0) 28
100

pl0)

where

W(t) is water content (%)
pw  is density of seawater (g/l)
Po(t)  is density of water-free oil (g/1)

The Mooney (1951) equation is uged to calculate the emulsion viscosity p(t):

[144)
H()=p, (e (29

where
W(t)is water content (%)

8, b are ompirical constants
Charodall Jser G TEF OWM\SINTEF Oil Weattyering Model 3.0_for pdf.doc
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The empirical constants, @ and b, are according to Mackay (1980) @ = 2.5 and b = 0.654. These are
however in the model found by fitting equation (29) to lab data, with the optimal a between -10 and
5 and b between -2 and 0.9, found based on a least squares criterion.

C8  Arctic conditions

The weathering of oil changes significantly in the presonce of sea ice. The present version of the
SINTEF OWM contains field-derived algorithims adjusting spreading, natural dispersion, and water
uptake (emulsification) as functions of fractional sheet- or block-ico cover (Singsaas et al, 1994).
Two new variables are introduced:

I(t)  is the percentage of ice cover [0, 100]
G(t) is the ice modification factor for spreading.

These variables are related as follows:

_(10Y
6= (100] 05/(1)<95

0.1 95<i()

(30)

G is applied as a reduction factor to the spreading length computed by the spreading algorithm (6),
and was chosen to obtain a reasonable fit to the Marginal Ico Zone (MIZ) evaporation data
(Serstrom, 1993; Singsaas et al, 1994).

One major impact of ice in water is the damping of wave energy. This entails a reduction in both
oil-in-water dispersion and water-in-oil emulsion rates. A proper arctic model should account for
this effect directly by incorporating ice terms in the wave equation. However, no such models are
currently avajlable; an indirect empirical approach is required, Thus, in accordance with the MIZ
date, we have introduced an ice parameter, G;(t), into the dispersion and emulsion formulae. This
cubic factor severely reduces dispersion in ice-infested waters.

1w 13
Gy(h)= (l 100) 0 I(N<9S

0 95 < I(¢)

@an

The expression for Gz, chosen to fit the MIZ water content (in the oil) data, serves as a muitiplier in
both the natural dispersion and emulsification equations (16) and (21) respectively.

(o} I Joar Guids\SINTEF QWM\SINTEF Oil Weatharing Modst 3.0_fex pdf.doc
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Appendix D: US Army Corps of Engineers Shallow Water Wave Equations

Following are the governing equations used in the SINTEF Oil Weathering Modet to compute wave
height (H) and period (T) as functions of wind speed (U,), depth (d), fetch (F), and gravitational
acceleration (g). These equations are taken from the U.S. Army Corps of Engineers Shore
Protection Manual (1984), Volume 1.

I
0.00565 (g—’:]

d 34
tanh {0,530( ;"—J
U

3/4
BH 0283 tanh |0.530) 22| |tanh
U 7]

2
4 A

113
" o.os79{f]—f]
8L _ 754 tanh| 0839 22| |tanh 4
U, U; d 378
tanh o.sa:{g—,]
Ui
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Abstract

The U.S. Minerals Management Service (MMS) is responsible for the development of
environmental risk assessments, impact statements, review of contingency plans, and
oil-spill response for offshore gas and oil leasing. An Oil-Weathering Model (OWM)
is heavily used to support fulfillment of these responsibilities.

In the Alaska OCS Region, numerous estimates of oil-spill fate and behavior are
derived from the OWM. The model provides analysts with a common, quantitative
set of spill scenarios, The OWM is used to estimate whether State and Federal water
quality standards and criteria would be exceeded by a spill, over what ares, and for
how long. The model calculates the thickness and persistence of a slick through time,
and how long the lighter, but most toxic components remain in the oil slick. The
model is used to distinguish the effects of larger and smaller spills, for example
between the effects of an average tanker spill versus an average pipeline spill. The in
situ viscosity and degree of emulsification provided by the model are used in
assessing the mitigation by and effectiveness of oil spill counterracasures such as
mechanical recovery, dispersants, and in sitw bumning.

In the Gulf of Mexico Region, the OWM is more frequently used in environmental

to evaluate oil-spill contingency plans and the reliability of associated
oil-spill models. The OWM is critical to the latter evaluation because, unlike most
oil-spill models, the OWM incorporates specific chemistry of individual crude oils
and petroleum products.

This paper describes experience with several applications in both sub-arctic and sub-
tropical regions of U.S. coastal waters.

Software availability
The SINTEF Oil Weathering Model is available from

SINTEF

Attm, Mark Reed (mark.reed@sintef.no)
Division of Marine Environmental Technology
SP Andersensvei 15A

Trondheim 7465

Norway

1. Introduction

The U.S. Minerals Management Service (MMS) is responsible for the development of
environmental risk Envi | Impact § ts, review of
contingency plans, and oil-spill response for offshore gas and oil leasing. The
MMS/SINTEF Oil-Weathering Modet (OWM) is a heavily used to support fulfillment
of these responsibilities.

In the Alaska OCS Region, numerous estimates of oil-spill fate and behavior are
derived from the OWM. The model provides analysts with a common, quantitative
set of spill scenarios. The OWM is used to estimate whether State and Federal water
quality standards and criteria would be exceeded by a spill, over what area, and for
how long. The model calculates the thickness and persistence of a slick through time.
How long the lighter, but most toxic components remain in the oil slick is estimated
from the evaporation rate.

The model is used to distinguish the effects of larger and smaller spills, for example
between the effects of an average tanker spill versus an average pipeline spill. The in
situ viscosity and degree of emulsification provided by the model are used in
assessing the mitigation by and effectiveness of oil spill countermeasures such as
mechanical recovery, dispersants, and in sify burning.

In the Gulf of Mexico Region, the OWM is more frequently used in environmental
assessments to evaluate oil-spill contingency plans and the reliability of associated
oil-spill models. The OWM is critical to the latter evaluation because, unlike most
oil-spill models, the OWM incorporates specific chemistry of individual crude oils
and petroleumn products.

The SINTEF OWM is used by Norwegian authorities and by Norwegian and
international oil companies to predict the weathering behavior of crude oils and fuel
oils at prevailing conditions. The weathering predictions are an useful tool in
contingency analysis and planning for determining the rmost effective response and for
Environmental Impact Assessment studies. In case of an oil spill, the weathering
predictions form the basis for rapid and right decision-making during the combat
operation.



2. Overview of the model

When a crude oil is spilled at sea it is subjected to several processes which rapidly
alter its composition and therofore physical properties and behavior. The most
important processes governing the overall characteristics of oil spilled at sea are:

spreading,

evaporation of the more volatile components,
water-in-oil emulsion formation, and

natural dispersion.

These pr occur simult, ly and the rate and extent to which they proceed
depend on the chemical composition of the oil and prevailing conditions such as
temperature and sea state. All these processes are inter-related. Other processes such
as photo-oxidation, dissolution, bio-degradation and sedi also influence the
fate and behavior of spilled oil in the longer term.

The chemical data generated through a SINTEF oil weathering and dispersibility
study are used as input to the OWM, for predictions of the oil’s behavior at sea under
different weather conditions.

The weathering study wili supply basic information useful for

» modeling the range of drift and spreading of potential oil spills during different
seasons;

o evaluating the time window for and effectiveness of chemical dispersant
application;

o planning and carrying out mechanical oil spill response actions;

o quantifying the environmental benefit of aiternative response activities.

T

Examples of addition information ing out of the

oil spill contingency planning, aro:

o effectiveness of emulsion breakers, to assist in on-board separation of water from
oil;

o establishment of exclusion zones based on the ignition point of the oil as a function
of weathering time;

o changes in the viscosity of the emulsion over time, to achieve most effective oil
recovery.

ing studies, and useful in

Qil weathering in the laboratory consists of the following sub-activities:

¢ Artificial evaporation (topping) and photo-oxidation of the fresh crude oil to give 4
different residues.

o Water-in-oil emulsification of the 4 residues to give a total of up to 12 different

emulsified residues (Figure 1).

Physical-chemical analyses of the artificially produced samples (oil residues and

emulsions)

To isolate the influence of the different weathering processes (i.e. evaporative loss,
photolysis and water-in-oil emulsification), the weathering of the oils are carried out
using a systematic, step-wise proceduro established at SINTEF (Daling et al., 1990,
1997). The weathering process is illustrated in Figure 1.
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Figure 1 Flow chart for weathering of a crude oll

The OWM relates oil properties to a chosen set of conditions (oil/emulsion film
thickness, sea state and sea temperature) and predicts the changes in these properties
and behavior on the sea surface. The structure of the OWM is schematically shown in
Figuro 2.
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interest,

Wind speed

Wind speed can be entered either as a set of constant values, for comparing situations,
or as a variable time series. Wind is used in both the evaporation and natural
dispersion computations, the latter being dependent on the computed wave field. The
user can enter wind fetch in the four primary compass directions, such that the model
computations for significant wave height and period account for the presence of land
or ice fields. The relationship between the wind speed and the significant wave height
is based on the US Army Corps of Engineers (1984) calculation procedures. Example
values of wave heights for fully developed seas shown in Table 1.

Table 1. The relationship between the wind speed and the significant wave
heights (for fully developed sea) used in the SINTEF OWM

RTE———

Figure 2 Schematic diagram of the input data to the SINTEF OWM and the
predicted output oil properties

User-defined Input to the SINTEF OWM
Spill scenario

A spill scenario (e.g. sub-sea or surface blowout, tanker spill, pipeline leakage etc.) is
specified by entering the release rate (or total amount) and duration into the Graphical
User Interface. For underwater releases the gas-oil ratio (GOR) is also required
together with the discharge depth.

Terminal oil film thickness

In the SINTEF OWM the oils are categorized into condensates, low emulsifying
crudes, emulsifying crudes, heavy bunker fuels or refined distillates based on
experimental results obtained in the bench-scale testing. A default for the terminal
w/o Ision film thick is given for each category of oil in the model.

Sea temperature

The prevailing weather conditions greatly influence the weathering rate of oil on the
sea surface. Two sets of predictions are given in this report, one at the average

2 ght breeze

3 Gentle to moderate breeze
10 5 Fresh breeze 1.5-2.5 3-5
15 6-7 Strong breeze 34 6-8

Input data for the SINTEF OWM

In the bench scale laboratory tesling, a systematic stepwise procedure developed at
SINTEF (Daling et al., 1990) is used to isolate and map the various weathering
processes that take place when oil is spilled on the sea surface.

The experimental weathering data obtained in the bench-scale testing are processed
and used as input for the SINTEF OWM. The following oil/emulsion properties
obtained in the bench-scale testing are used in the model:

specific gravity

pour point

flash point

viscosities of fresh and water-free residues (150°C+, 200°C+ and 250°C+)
viscosities of the 50% and 75 % w/o-emulsions

water uptake (maximum water content, stability and half-life-time)

. 8 8

Weathering properties related to response

The efficiency of various oil spill comt hods (e. g. mechanical recovery,
dispersion and/or burning) depends greatly on the physical and chemical properties of




the oil at the time of action. When planning the most effective response the
predictions charts provide important information.

Mechanical response

Past experiences from Norwegian field trials have shown that the effectiveness of
many mechanical clean up operations is reduced due to a high degree of leakage of
the confined oil or w/ Ision from the oil spill boom (especially in high current).
This leakage is especially pronounced |flhe viscosity of the oil or the w/o-emulsion is
lower than 1000 cP at a shear rate of 10s” (Nordvik er al., 1992). The lower viscosity
limit for an optimal mechanical clean up operation has therefore been set to 1000 cP.

The upper viscosity limit for an optimal mechanical clean up operation depends on
lh: lype uf skimmer used. For some dnska:.klmmcrs the collection capacity is reduced

ly at w/o- Ision viscosities g 10 000 cP (ITOPF, 1986),
huwc\-'cr ITOPF, 1986 does not state the shear rata

Recent tests performed by SINTEF using a weir skimmer show that the efficiency
may be reduced for semi-solidified oils, i. e. oils with a large wax content and high
pour point values, and for oils with viscosities between 15000 and 20000 cP { Leirvik
et.al.,2001).

Chemical dispersion

A dispersibility methodology, based on the viscosity increase due to weathering, was
developed at SINTEF (Daling and Strom, 1999) in order to determine the window of
opportunity for the effective use of dispersants for different oils, Chemical
dispersibility testing was not included in this study. General limits for dispersibility
based on pour point values are given in

Table 2. These values are not valid for all oils and situations, and should only be
regarded as guidelines.

Table 2 The chemical dispersibility criteria used in the SINTEF OWM based on
pour pulnls

< 5°C above the sea temperature Dispersibl
5-15°C above the sea temperature Reduced dispersibility
|_> 15°C above the sea temperature Not dispersibl

3. Recent model developments

Version 3.0 of the OWM was completed at the end of June, 2004. In addition to
numerous improvements in the user interface, this version includes the following
improvements over 2.0:

» possibility for subsurface as well as surface releases:

* internal computation of initial film thickness, based on release rate and
duration;

* New spreading algorithm supporting both surface and underwater releases,
with improved stability and better detection of erroneous input values;

*  New oil type query filters in both OWM and the Oil Database Editor, allowing
filtering on ranges of values for API gravity, specific density, and pour point;

= Capability to add/delete Data Source, Geographical Area, and Product in the
Editor as documented in the User Manual how 1o achieve this during editing of
oil information;

*  New *.TX2 data results file for easy EXCEL import;

* Enabled multi-selection capability in temperature and wind lists, and made
Add and Delete buttons more dynamic to facilitate clearing the entire list at
once;

* Revised User's Manual for Version 3.0,

The spreading mechanisms for instantaneous releases and continuous rele:m:s are
different. Instantaneous releases will spread radially, while oil rel d cont
will spread laterally (i.e. cross-current). This d;!‘fercm:e in spreading behaviour wﬂl
affect other weathering properties e.g. evaporation and natural dispersion. Version 2.0
of the model only accounts for lateral spreading (i.e. all releases are treated as
continuous), but in Version 3.0, the spreading of instantaneous and continuous spills
is treated differently. Also, a calculation of the surface spreading for sub surface

1 in shallow 1o mod water depths (depth less than e.g. 300 m) is included.
This calculation requires input of gas-to-oil ratio (GOR) and depth in addition to
release rate

The user may specify a surface or underwater release, the latter presumed to be a
subsea blowout, where gas is released together with oil. In the former case, the
spreading of the surface slick will be governed by gravity forces, while in the lauter
case the spreading will be governed by the radial surface flow induced by the
surfacing gas bubble plume,

Formulas for gravity spmdmg were cmhl:shcd in the 1980°s by Fay and Fannelop,
but these formulas distinguish between ! and continuous
releases, Since in pracllce it is difficult top make a clear distinction between such
cases, a unified algorithm has been derived that works in the general case. The user
simply specifies the spill in terms of duration and rel d of oil (or release
rate), and the model sorts out the dominating spreading case. This is done by
introducing spreading along two axes; the major axis oriented in the wind direction
and the minor in the cross-wind direction. Gravity spreading is supposed to act along




both axes; while wind induced dnft will cause an additional elongation along the
major axis. The spreading of strongly elongated slicks will approach the spreading
rates determined by Fay's formula for lateral spreading, while the spreading of a

i slick will approach the spreading rates determined by Fay’s formula for
instantancous releases, while more or less elongated slicks will spread at intermediate
rates. This concept also produces an initial film thickness determined by the release
rate, eliminating the need for a default or user specified initial thickness in the former
version of the OWM,

In case of underwater releases, the user must provide water depth and Gas-10-0il
Ratio (GOR) in addition to oil release rate. This is used to calculate the velocity and
radius of the surfacing gas bubble plume, and on that basis the source strength of the
radial outflow of water in the surface layer. The plume parameters are computed from
a non-dimensional solution of the plume equations (Fannelop and Sjeen 1980), while
the source strength is found by an equation derived by the same authors. The film
thickness is determined as the ratio between the oil release rate and the source
strength. This method is justified for blowouts with significant gas releases (GOR >
50) from shallow to moderate water depths (< 300 m), where the mass flow rate of
gas may be assumed to be unchanged during the nise to the surface. However,
blowouts with small gas flow rates or blowouts from large water depths will be more
sensitive to cross currents and stratification in the water masses. Gas bubbles may
consequently leak out of the deflected plume and/or dissolve in the ambient water,
causing a significant reduction in the gas related buoyancy flux.

The model calculates four physical p preading, evaporation. oil-in-water
dispersion and water-in-oil emulsion formation.

Spreading of surface spills

Force balance

The force balance equations may be derived for an oil slick in a channel with a
counter flow in the underlying water, i.e. corresponding to an oil slick confined by a
boom (Figure 3). On this basis, a relationship is obtained b the density and
volume of oil confined by the boom, and the strength of the counter current.

Figure 3. Idealised view of oil spreadi insta flow in a channel

The pressure force F, is due to the density difference between oil and water:

L
F'ZEB" PE n

where B (m) is the width of the channel, i (m) is the oil film thickness, o {kg:‘m’) is
the oil density, and g’ (m/s”) is the reduced gravity: g'= g(p, - )/ p..

The shear force F, is due to the friction between the oil and water in motion:

u
F =BXpu — 2
f H, r; 2)
where X (m) is the length of the oil layer, u, (Ns/m’) is the dynamic viscosity of
water, U (m/s) is the water velocity, and & (m) is the thickness of the boundary layer
in the water. The latter may be expressed by the Blaussius formula for flow around a
flat plate:

.‘f)(
S=3p V|2 3
Ve U 3}

where v_ (m?/s) is the kinematical viscosity of water. v_ = u_/p, .

Spreading equation

By taking into account that the confined oil volume is ¥¥= B X' h, substituting for the
boundary layer thickness, and equating the two forces, the following expression is
derived for the equilibrium length of the oil layer:
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If the oil is spreading on stagnant water, the velocity U may be presumed to represent
the spreadlng ve!uc;ty i.e. U= d¥/dr. Equation 4 will then be transformed into a
le diffe | equation in ¢ with the solution:

x0=13(g*pg) (ou )5 " (5)

where g = V/B, i.e. volume of oil per unit width of the channel.

By use of the mass conservation equation ¢ = X'k, equation 5 may alternatively be
expressed in terms of the film thickness &, and be transformed into a suitable
differential form which may account for changes in the oil properties with time:

d s a3 AL
i =175 0g) (pus, ) (6
This differential equation may be combined with any oil mass conservation equation

relating & and X to the oil volume, i.e. any equation of the type V' = f(r,A,X). It
should be noted that a conservation equation may also account for changes in the oil
volume with time due to evaporation or emulsion formation, Excluding this for the
moment, we may illustrate the concept by a few examples:

- For lateral spreading of a slick formed from a continuous surface leak with a
discharge rate m (m'/s) in a steady surface current of velocity v (m/s), the oil
conservation equation may be wrilten as ¢ = m/u=2h X, where X represents
the half width of the slick.

- For an instantaneous spill, the conservation equation may be written as
V =z X*h, where V' (m") is the spilled oil volume and X represents the radius
of the circular slick.

- For a continuous leak on calm water, the same equation applies, but ¥ will be
increasing with time; V'=m t, where m (m'/s) is the release rate.

For a continuous leak from a point source in a steady current, the oil volume will also
increase in proportion with time. In this case, gravity spreading will take place along
two axls {cruss -stream and downsmm). but the cross-stream (lateral) component is

p d to domil as the slick is extended downstream due to
advection wul.h the current. This assumption may be valid in cases with relatively
strong currents and moderate spill rates. For weak currents and large spill rates,
gravity spreading may have to be considered along both axis to get a realistic picture
(see Figure 4).

Figure 4. Spreading of an oil slick from a continuous oil leak in a steady current.
The slick may be defined in terms of X; and X, representing the half-axes of an
elliptical slick, with X, aligned in the d eam direction. The oil conservation
equation may then be expressed as V' =mi=hsX X,, wherem (m/s) is the spill
rate. The progression of X; and X; may be computed by equation 7, while
including an extra downstream elongation due to the current (dX; = 0.5 & dt) in
the period of time when the oil is leaking.

The approach sketched in Figure 4 is in fact unifying all the “classical” Fay spreading

bl from i spills, via continuous spills on calm water to continuous
S’pl"s in a steady current. Flgure 5 illustrates this coneept for two cases. The same
amounts of oil are released in both spllls (2400 m"), but the duration of the release is 2
hours in the first case (a), and 24 hours in the second case (b). The oil density is 850
kg/m3 in both cases, and the surface current is presumed to be moderate (10 cm/s).
The results show that the calculations fro the first case approaches Fay's equanion for
radial spreading on calm water, while the second case approaches Fay’s equation for
lateral spreading of a continuous spill in a steady current.
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Figure 5. Gravity spreading computed whh equation 7 for two cases: 2400 m’ of
oil released in 2 hours (top), and 2400 m’ released in 24 hours (bottom). The
calculations are made with an oil density of 850 kg/m’. The coloured llnti depict
the corresponding results of spreading equations for i

(“Radial Fay"), and lateral spreading fer continuous releases in a slendy current
(“Lateral Fay™).

Surface spreading of subsea blowouts

The surface spreading of oil from a subsea blowout is governed by the generation of a
rising gas bubble plume that entrains ambient water. Surfacing of the entrained water
produces a radial outflow at the sea surface. The oil will be carried to the surface as

fine oil droplets dispersed in the entrained water. A surface slick will form as the
dispersed oil droplets settle out of the radial outflow of entrained water.

According to Fannelop and Sjoen (1980), the surface velocity distribution in the radial
outflow can be approximated by a source flow equation:

5
U'(r:lzE

where S (m%/s) is the source strength.

N

Under such conditions — provided that all the oil comes to the surface, the oil film
thickness h (m) may be estimated from the source strength and the oil spill rate m

(m/s):
h=mi§

(8)

Fannelop and Sjeen (op cit) also show that the source strength S depends on the
characteristic radius b (m) and velocity w (m/s) of the surfacing plume:

S=kxbw

where &k = 4.86 is a constant.
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non-dimensional variables.

lop and Sjeen 1980). See text for definitions of the

The same authors also presented a basis for establishing the characteristic plume
radius b and velocity w in terms of 2 non-dimensional solution to the plume equations
(Figure 6). The non-dimensional variables are defined as follows:




=z/H,B=bi2alH . W=wiM,

heren - [w.g.a +1)] (10)

In these equations, H (m) is the pressure height, H = H, + H_, where Hy is the water
depth and H, is the | height ponding to | atmosphere (10 m),

@, = gV, /x (m/s") is the buoyancy flux at the exit, where ¥, (m's) is the exit gas
volume flow rate, while & = 0.1 and A = 0.65 are parameters related to plume
dynamics.

The basic blowout specific variables in these equations are water depth Hp and the
exit gas volume flow rate ¥, . The latter may usually be derived from the oil discharge
rate m (m'/s) and the Gas-t0-0il Ratio, GOR, P ing the ratio b the
released gas volume and oil vol at normal conditions (! phere and 15°C).
Neglecting the minor correction due to the tlemperature difference, the ideal gas law
gives:

V,=mGORH | H (n

The non- dlmenssml variable X is defined from the actual water depth. The

col 2 non-di ional values B and W may then be found from the graphs
shmlm on Flgure 6, or from curve-fitted functions based on the original data. The
actual plume variables (A and w) may then be determined by rescaling B and W with
known X and M, the latter calculated from the exit volume flux (see equation 10),

It should be noted that this approach is valid under certain conditions that in general
implies that effects of cross flow and stratification can be neglected. In practice, the
concept should be applied to cases with significant gas volume fluxes (GOR > 50)
from moderate water depths (< 300 m).

4. Example applications within MMS

The Alaska OCS Region uses the oil weathering model to set up generalized
weathering scenarios in environmental impact statements 1o guide the impact
assessment. To judge the effect of an oil spill, the model is used to estimate
information regarding how much oil evaporates, how much oil is dispersed, and how
much oil remains after a certain time period. Weathering estimates are derived from
modeling results from the SINTEF Oil Weathering Model (OWM) for time periods up
to 30 days. Below are presented the assumptions used to set up the weathering
scenario, the uncertainties and the results from an oil spill scenario for the Cook Inlet
Planning Area Oil and Gas Lease Sales 191 and 202 Envi | Impact St
(USDOI, MMS 2003; ).

The following ptions are made regarding oil hering in a Cook Inlet crude-
oil spill:

. The crude il properties will be similar to Cook Inlet crude.

. The size of the spill is 1,500 or 4,600 barrels.

. The wind, wave, and temperature conditions are as described.

. Melt-out spills occur into 50% ice cover.
. The properties predicted by the model are those of the thick part of the shick.
- The spill occurs over a short period of time.

Actual conditions in a real spill event will of course be different from those assumed,
but these scenarios provide our best estimate of the behavior and fate of potential
releases.

Figure 7 Map of Cook Inlet in the Gulf of Alaska



Table 3 through Table 6 show the results for Cook Inlet crude-oil spills using the
SINTEF model. The SINTEF OWM changes both oil properties and physical
properties of the oil. The oil properties include density, viscosity, pour point, flash
point, and water content. The physical processes include spreading, evaporation, oil-
in-water dispersion, and water uplake. The SINTEF OWM Version 2.0 performs a
30-day time horizon on the model hering calculations but with a warning that the
model is not verified against experimental field data for more than 4-5 days. The
SINTEF OWM has been tested extensively with results from three full-scale field
trials of experimental oil spills (Daling and Strom, 1999).

The SINTEF OWM does not incorporate the effects of the following:

beaching,
. containment,
. pholo-oxldallorl.

. adsorption 0 panicles. and
. encapsulation by ice.

We simulated three general scenarios: two in which the oil spills into open water
during summer or winter and one in which the oil spills into 50% ice cover during
winter. We assume open water can occur year-round depending on the area of lower
Cook Inlet, and we also assume that winter occurs October to April. For open water
and ice, we model the weathering of the 1.500- or 4,600-barrel spill as if they are
instantaneous spills. We report the results at the end of 1, 3, 10, and 30 days. Table 3
hrough Table 6 ize the results we assume for the fate and behavior of Cook
Inlet crude oil in our analysis of the effects of oil on environmental, economic and
socio-cultural resources. In our analysis, we assume the following fate of the crude
oil without ¢leanup. After 30 days in open water or ice: 33-36% evaporates, 13-62%
disperses, and 5-52% remains,

Table 3 Fate and Behavior of a Hypothetical Open-Water Oil Spill, 1,500 Barrels
in Size, from a Platform in Lower Cook Inlet

. 69.3 29.2 .
1.4 40 | 151 | 357 | 4 0 13 | 388 61 5
21.7 | 26.7 | 31.5 | 35.1 | 229 [275] 314 | 331

Qil Eva&aled (%)

Thickness (mm 23 1.3 1.0 1.0 18 | 1.1 | 1
Discontinuous Area (km')" 8 32 150 | 621 8 31 77_| 618
Estimated Coastiine Oiled (km)* 23 7

Notes:

Calculaled with the SINTEF oil-wealhering model Version 2.0 of Reed et al. (2000) and assuming a
Cook Inlet Crude (S.L. Ross, 2001),

"Summer (April-September), 11.5 knol wind speed. 8.8 °C, 1-meter-wave heighl. Average Weather
Marine Area A, Brower et al. (1988).
“Winler (October-March), 16-knot wind speed, 476 "C, 18-meler-wave heighl. Average Weather
Mﬂnne Area A, Brower ot al. (1988).

* Calculated from Equation & of Table 2 in Ford (1985) and is the i areaof a
spllt or the area swept by an instantaneous spill of a given volume.

¢ Calculated from Equa.hon 17 of Table 4 in Ford (1985) and is the resull of stepwise multiple

for length of i tine affected.

Table 4 Fate and Behavior of a Hypothetical Broken-Ice Oil Spill, 1,500 Barrels
in Size, from a Platform in Lower Cook Inlet

0il Remaining (%) . 71.1 48
F 26 3 15.8
Qil Evaporaled (%) 21..7 26.3 3.7 36.2
Thickness (mm 3.2 1.9 1 1
Discontinuous Area (km' ) 8 3 77 618
Estimated Coasliine Oiled (km 17

Notes:

Calculated with the SINTEF ail-weathering model Version 2.0 of Reed et al, (2000) and assuming a
Cook Inlet Crude (S.L. Ross, 2001),

1Winter {Octobar-March), 16-knot wind speed, 4.76 oC. 1, 8-meter-wave height. Average Weathar
Marine Area A, Brower et al. (1988).

2 Calculated from Equation & of Table 2 in Ford (1985) and is he di area of a conti
spill or the area swepl by an instantanecus spill of a given volume.

3Calculated from Equahcm 17 of Table a in an (1985) and is the resull of stepwise mulliple

for langth of h




Table 5 Fale and Behavior of a Hypothelical Open-Water Oil Spill, 4,600 Barrels in Size,

Estimated Coastline Oiled (km]"

MNotes:

Caleulated with the SINTEF oil-weathering madel Version 2.0 of Reed el al. (2000) and assuming a
Cook Inlet Crude (S.L. Ross, 2001).

1Summer (Apni-September), 11.5 knot wind speed, 8.8 oC, 1-meter-wave height. Average Weather
Marine Area A, Brower et al. (1988).

2Winter (October-March), 16-knol wind speed, 4.76 oC, 1.8-meter-wave height. Average Wealher
Marine Area A, Brower el al. (1988).

3 Calculated frem Equation B of Table 2 in Ford (1985) and |5 the i area ol a inuing
spill or the area swepl by an inslantansous spill of a given volums,

4 Calculated from Equation 17 of Table 4 in Ford (1985) and is the resull of stepwise multiple

ion for langth of historical ine affected.

Table 6 Fate and Behavior of a Hypothetical Broken-lce Oil Spill, 4,600 Barrels in Size, from
a Offshore Pipeline in Cook Inlet

i 659 52
0.6 16 4 125
20.1 24.8 30. 35.5
.6 33 L F 1
Disconlinuous Area (km')” 3 33 263 1,094
Estimated Coasliine Oiled (km)’ 28

Motes:

Calculaled with tha SINTEF oil-weathering model Version 2.0 of Reed el al. (2000) and assuming a
Cook Inlet Crude (5.L. Ross. 2001).

1Winter (October-March), 16-knol wind speed. 4.76 oC. 1.8-meter-wave height. Average Weather

Marine Area A, Brower et al (1988)

2 Calculated from Equation 6 of Table 2 in Ford (1985) and s the di i areaala
spill or the area swepl by an instantaneous spill of a given volume,

3Calculated from Equation 17 of Table 4 in Ford (1985) and is the result of stepwise mulliple
regression for length of historical coastline affected

5. Conclusions and possible future extensions

In general, the MMS has a relatively long ti of interest reg g oil
weathering, through at least 30 days or as long as a slick persists. Furthermore, there
is surprisingly little empirical data for how long a spill persists as an identifiable slick.
We would like to see this end point better tracked and reported in real spill events.

MMS is working to improve data and algorithms for cold climate weathering, Using a
range of Alaska oil types, looking at:
» Evaporation rates down to very cold temperatures (-40).
Evaporation rates in snow cover
Spreading of oil under and above ice and equilibrium thicknesses
Brine channel migration
Water-in-0il emulsification in broken ice wave field

These and other impr are anticipated in future versions of the oil weathering
model described here,
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