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DISCLAIMER

This document is an Annual Report. It has been reviewed by the

National Marine Fisheries Service and the National Oceanic and
Atmospheric Administration and approved for printing. Such approval
does not signify that the contents necessarily reflect the views and

policies of the U. S. Environmental Protection Agency, NOAA or NMFS.

This Report has not been formally released by the EPA. Mention of

trade names or commerical products herein does not constitute endor-
sement or recommendation for use.
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NOTICE

This document is an Annual Report. It has not been formally released
by the U.S. Environmental Protection Agency and should not at this
stage be construed to represent Agency policy.

This volume should be cited as follows:

Smedes, G., J. Calman and J. Beebe. 1980. Hydrodynamic modeling.
Vol. X. In: Jackson, W. B. and E. P. Wilkens (eds. ).
EnvironmenFa-1 assessment of Buccaneer gas and oil field in
the northwestern Gulf of Mexico, 1978-1979. NOAA Technical
Memorandum NMFS-SEFC-44, 57 p. Available from NTIS,
Springfield, Virginia.

iii



Volume X - HYDRODYNAMIC MODELING

TABLE OF CONTENTS

I. Editors' Section

Page

Project Administration .................................. v

List of Volumes ......................................... Vil
Guide to Users of the Annual Report ..................... x

Foreword ................................................ xi

List of Reports and Publications ........................ xiii

Published Reports ............................... - xiii

Dissertations and Theses ... o ................ o ...... xvii

Publications in Press or in Preparation ....... o.- xvii

Introduction ............................................ xix

Location of Study Area ............................. xix,

Operation History of Buccaneer Field ............... xix

Fig. 1. Location of Buccaneer Field ......... xx

Fig. 2. Buccaneer Field Structures .......... xxii

Fig. 3. Shell Oil Company's Alphanumerical

Identification of Buccaneer Field

Structures .......................... xxiii

II. Principal Investigators' Section

Work Unit 2.5.2 Hydrodynamic Modeling .................... xxiv

iv



PROJECT ADMINISTRATION

NOAA

Program Manager

NMFS

W. Lawrence Pugh
Oceans Program Office
Rockville, Maryland

Contracting Officer's Technical Representative

Edward F. Klima, Ph.D.
Director

Galveston Laboratory
Southeast Fisheries Center

Project Manager

Charles W. Caillouet, Ph.D.
Chief, Environmental Research Division

Project Staff (Environmental Research Division)

William B. Jackson
Senior Advisor
Contracts and Deliverables

Gregg R. Gitschlag
Senior Advisor
Field Operations and Logistics

E. Peter H. Wilkens

Fishery Biologist

Gary M. Faw

Fishery Biologist

Robert M. Avent, Ph.D.

Oceanographer

Dennis Koi
Computer Programmer

v



Petronila C. Prado

Clerk Stenographer

Mary Taylor
Clerk Typist

Patsy Hunter
Clerk Typist

Susan Gray
Clerk Typist

Beatrice Richardson
Clerk Typist

Leesa Young
Biological Aide

Julie Mellen
Student Aide

Richard Devereux
Coop. Student Biologist

vi



LIST OF VOLUMES

This Annual Report is printed in ten separate volumes:

Volume I - SYNOPSIS/DATA MANAGEMENT

Work Unit 2.6.1 Synopsis

NMFS/SEFC Galveston Laboratory

Principal Investigators

Work Unit 2.2.3 Implement, Monitor, and Modify Data
Management System

NMFS/SEFC National Fisheries
Engineering Laboratory

K. Savastano
H. Holley

Volume II - SEDIMENTS AND PARTICULATES

Work Unit 2.3.2 Investigations of Surficial Sediments

and Suspended Particulates at Buccaneer
Field

Texas A&M University

J. Brooks, Ph.D.

E. Estes, Ph.D.
W. Huang, Ph.D.

Volume III - FISHES AND MACROCRUSTACEANS

Work Unit 2.3.5 Effect of Gas and Oil Field Structures
and Effluents on Pelagic and Reef Fishes,
Demersal Fishes, and Macrocrustaceans

LGL Ecological Research Associates, Inc.

B. Gallaway, Ph.D.
L. Martin

vii



Volume IV - BACTERIA

Work Unit 2.3.7 Bacterial Communities

University of Houston

R. Sizemore, Ph.D.
K. Olsen

Volume V - FOULING COMKUNITY

Work Unit 2.3.8 Effects of Gas and Oil Field Structures

and Effluents on Fouling Community
Production and Function

LGL Ecological Research Associates, Inc.

R. Howard
G. Boland
B. Gallaway, Ph.D.
G. Dennis

Volume VI - CURRENTS AND HYDROGRAPHY

Work Unit 2.3.9 Currents and Hydrography of the Buccaneer
Field and Adjacent Waters

Hazleton Environmental Sciences

Corporation

L. Danek, Ph.D.

M. Tomlinson

Volume VII - HYDROCARBONS

Work Unit 2.4.1 Hydrocarbons, Biocides, and Sulfur

University of Houston

B. Middleditch, Ph.D.

D. West

viii



Volume VIII - TRACE METALS

Work Unit 2.4.2 Trace Metals

Southwest Research Institute

J. Tillery

Volume IX - FATE AND EFFECTS MODELING

Work Unit 2.5.1 Sources, Pate and Effects Modeling

Science Applications, Inc.

K. Fucik, Ph.D.
I. Show, Ph.D.

Volume X - HYDRODYNAMIC MODELING

Work Unit 2.5.2 Hydrodynamic Modeling

Environmental Research and Technology,
Inc.

G. Smedes, Ph.D.
J. Calman
J. Beebe

ix



GUIDE TO USERS OF THE ANNUAL REPORT

Volume I (SYNOPSIS/DATA MANAGEMENT) of the Annual Report is designed
to be used as a briefing document and as a key to more detailed scien-
tific and technical information contained in Volumes, II through X.
Objectives, methods and results for each work unit are summarized in
greatly abbreviated form within Volume I to facilitate dissemination
of information. Thus, Volume I can be used alone or as a reference to
companion Volumes II through X. Complete citations for literature
cited in Volume I can be found in the Volumes II through X in which
the detailed work unit reports are presented.

It is hoped that such an approach to environmental impact information
dissemination will make the Annual Report a more useful and widely
read document.
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FOREWORD

Increased petroleum development of the outer continental
shelf (OCS) of the United States is anticipated as the U.S. attempts
to reduce its dependency on foreign petroleum supplies. To obtain
information concerning the environmental consequences of such develop-
ment, the Federal Government has supported major research efforts on
the OCS to document environmental conditions before, during, and after
oil and gas exploration, production, and transmission. Among these
efforts is the Environmental Assessment of Buccaneer Gas and Oil Field
in the Northwestern Gul of Mex!c0"_ a- project funded by the
E-nvi^7-onmental Protection Agei^c_y (EPA) through interagency agreement
with the National Oceanic and Atomospheric Administration (NOAA) and
managed by the National Marine Fisheries Service (NMFS), Southeast
Fisheries Center (SEFC), Galveston Laboratory, in Galveston, Texas.
Initiated in the autumn of 1975, the study is now in its last
year. Its major products have been annual reports disseminated by the
National Technical Information Service, data files archived and dis-
seminated by NOAA's Environmental Data and Information Service, and
research papers written by participating investigators and published
in scientific or technical journals. Results have also been made
available through EPA/NOAA/NMFS project reviews and workshops attended
by project participants, and various governmental (Federal and State),
private, and public user groups. The final products will be milestone
reports summarizing the findings of the major investigative components
of the study.

Objectives of the project are (1) to identify and document
the types and extent of biological, chemical and physical alterations
of the marine ecosystem associated with Buccaneer Gas and Oil Field,
(2) to determine specific pollutants, their quantity and effects, and
(3) to develop the capability to describe and predict fate and effects
of Buccaneer Gas and Oil Field contaminants. The project uses
historical and new data and includes investigations both in the field
and in the laboratory. A brief Pilot Study was conducted in the
autumn and winter of 1975-76, followed by an extensive
biological/chemical/physical survey in 1976-77 comparing the Buccaneer
Gas and Oil Field area with adjacent undeveloped or control areas. In
1977-78, investigations were intensified within Buccaneer Gas and Oil
Field, comparing conditions around production platforms, which release
various effluents including produced brine, with those around
satellite structures (well jackets) which release no effluents. In
1978-79, studies around Buccaneer Gas and Oil Field structures focused
on (1) concentrations and effects of pollutants in major components of

xi



the marine ecosystem, including seawater, surficial sediments,
suspended particulate matter, fouling community, bacterial community,
and fishes and macro-crustaceans, (2) effects of circulation dynamics
and hydrography on distribution of pollutants, and (3) mathematical
modeling to describe and predict sources, fate and effects of pollu-
tants. The final year, 1979-80, of study is continuing to focus on
items (1) and (2) and on preparation of the milestone reports which
will represent the final products of this study.

This project has provided a unique opportunity for a multi-
year investigation of effects of chronic, low-level contamination of a
marine ecosystem associated with gas and oil production in a long-
established field. In many respects, it represents a pioneering
effort. It has been made possible through the cooporation of govern-
ment agencies, Shell Oil Company (which owns and operates the field)
and various contractors including universities and private companies.
It is anticipated that the results of this project will impact in a
significant way on future decisions regarding operations of gas and
oil fields on the OCS.

Charles W. Caillouet, Project Manager
Chief, Environmental Research Division

and
William B. Jackson and E. Peter Wilkens,
Editors
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INTRODUCTION

Location of Studv Area

The area selected for study is the operational Buccaneer Gas
and Oil Field located approximately 49.6 kilometers (26.8 nautical
miles) south southeast of the Galveston Sea Buoy off Galveston, Texas
(Figure 1). This field was selected in 1975 as the study area
because: (a) the field had been in production for about 15 years,
which time had allowed full development of the associated marine
communities; (b) it was isolated from other fields which facilitated
the selection of an unaltered area (for comparison) within a reason-
able distance of the field; (c) it produced both gas and oil that
represented sources of pollutants from marine petroleum extraction;
W its location simplified logistics and reduced the cost of the
research; and (e) the Texas offshore area had not been fully developed
for gas and oil production but was expected to experience accelerated
exploitation in the future.

Operation Historv of Buccaneer Field

Buccaneer Field was developed by Shell Oil Company in four
offshore blocks leased in 1960 and 1968 as follows:

Year Lease Number Block Number Acreage Hectares

1960 G0709 288 2,790 1,129
1960 G0713 295 4,770 1,930
1960 G0714 296 4,501 1,821
1968 G1783 289 2,610 1,056

In development of the field, 17 structures were built; two
are production platforms, two are quarters platforms, and 13 are
satellite structures surrounding well jackets. Initial exploratory
drilling began about mid-summer of 1960 with mobile drilling rigs.
When (as the result of the exploratory drilling) proper locations for
platforms were selected, the permanent production platforms were
constructed.

There have been no reports of major oil spills from this
field. There have been some reported losses of oil due to occasional
mechanical failure of various pieces of equipment. The largest
reported spill was three barrels in 1973. The reported oil spill
chronology and quantity for Buccaneer Field is as follows:

xix
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Amount
Date Source Barrels Liters

September 1973 Platform 296-B 0.5 79
November 1973 Unknown 3.0 477
July 1974 Platform 296-B 0.5 79
August 1974 Platform 296-B 1.7 265
September 1975 Platform 288-A 0.2-0.4 38-56

Totals 5.9-6.1

Buccaneer Field first began operations with the production of
oil. Later, when significant quantities of gas were found, the field
began producing both oil and gas and has continued to do so to date.

The production platforms and satellites (well jackets) are
connected by a number of pipelines with a 50.8 centimeters (20-inch)
diameter main pipeline connecting the field to shore. All of the
pipelines that are 25.4 centimeters (10 inches) or greater in diameter
are buried. The Blue Dolphin Pipeline Company was granted a pipeline
permit (No. G1381, Blocks 288 and 296) in 1965 and has operated the
pipeline since its construction.

Buccaneer Field occupies a limited area (about 59.3 km2; 22.9
sq. statute miles) leased in the -northwestern Gulf of Mexico. Four
types of structures are located in Buccaneer Field: production plat-
forms, quarters platforms, satellites (well jackets), and flare
stacks. These are shown in Figure 2, which is an oblique aerial pho-
t-ograph of production platform 288-A and vicinity within Buccaneer
Field. A map of Buccaneer Field, (Figure 3) depicts the locations of
platforms and satellites within the field.
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ABSTRACT

A dispersion model has been developed for pollutant discharges

from the^Buccaneer Oil Field in the Gulf of Mexico. The model requires

input data for subsurface currents, wind speed and direction, platform

geometry, pollutant source strength, and particle size distribution, at

regular time intervals. The distributions of floating, sinking, and

vertically mixed pollutants are calculated separately. Dispersion in the

near field (< 1 km from the platform) includes initial mixing produced by

turbulence from the platform structure. Far-field effects (> 4 km) are

based upon the similarity theory of turbulence, and conservative matching

conditions are applied for intermediate distances. For floating pollutants,

the model calculates the transport induced by wind drift currents. The

computer program uses the conventional specification of 3.5% of wind speed

for these currents, and also incorporates a time delay for wind-current

equilibrium.

Output from the model includes graphs which show the growth of

the turbulent wake downstream from the platform, the change in pollutant

concentrations over time and distance transported, trajectories of

floating and subsurface pollutants, and settling times for particles of

various sizes. Sample data were run for six different two-day periods,

three in winter and three in summer. The results indicate rapid dispersion,

and long-range transport of minute quantities of pollutants. Pollutants

were transported much greater distances in winter than in summer, with

floating pollutants having the capability to reach the coast southwest

of Galveston within about two days.
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1. INTRODUCTION

The purpose of the Buccaneer Oil Field Platform Dispersion Model is

to help in the assessment of the environmental impact of pollutants

released during the normal operation of the platform. An operational

hydrodynamic model is needed to quantify the distributions of various

kinds of pollutants in space and time in the marine ecosystem, and to

predict how these will ultimately impinge upon and be absorbed by the

system.

After reviewing existing near-field, circulation and dispersion

models, ERT believed that several models developed at M.I.T. (the CAFE

and DISPER Series) were best suited to provide the framework for

hydrodynamic modeling of the Buccaneer Oil Field (BOF). However, initial

efforts with these models indicated operational difficulties and a high

cost in computer time to run the programs. Since these constraints were

incompatible with the needs and resources of the National Marine Fisheries

Service's BOF Study program, an alternate approach was pursued.

The hydrodynamic model developed by ERT is used to describe the

area which might be affected by floating and sinking pollutants, and

to predict the concentrations of pollutants which are vertically

distributed in the water column. For the latter pollutants, separate

analytical procedures are used for near-field (<lkm) and far-field

(>4km) distances from the platform, with conservative estimations

for pollutant concentrations at intermediate distances. The model is

designed to operate in a time sequential mode, using input wind and

subsurface current data at each time step. Several other parameters

which describe the geometry and the nature of the discharge are also

required.

The first part of this report describes the technical base upon

which the model is built, including the assumptions and equations used

in the calculations. The next section provides a detailed description

of the model, and a user's manual for the computer program. Finally,

some representative results are given, and their significance to the

BOF study are discussed.
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2. POLLUTANT DISPERSION

2.1 Introduction

Pollutants discharged from the Buccaneer Oil Field platform will be

dispersed in different ways, depending upon their solubility, density,

and size of particles, among other properties. This model does not

attempt to describe in detail the fate of specific pollutants nor their

detailed vertical distribution in the water column. The model describes

the dispersion of three classes of pollutants, namely: those which mix

thoroughly and are distributed vertically in the water column; those

which float on the surface of the water; and those which sink to the

bottom., The dispersion of each class of pollutant is described

separately below.

2.2 Pollutants Distributed in the Water Column

Initial Mixing

Mixing of a pollutant discharged from the platform is affected by

the wake created by the platform's structural members. Because of the

complicated structure of the platform, mixing in the wake can be

described only approximately. As the discharge is swept past the

platform, it is mixed with the ambient water because of the complicated

flow patterns and wakes around the individual structural members of the

platform. Dye discharge experiments described at the Houston conference

have shown that a dye discharged at the platform will be mixed in a

volume of water approximately equal to 1/8 of the volume occupied by the

platform by the time it emerges on the downstream side of the platform.

Using this information, the initial concentration of pollutant in the

neighborhood of the platform can be estimated as follows: Let Q (gm/s)

be the rate of discharge of mass of pollutant, U (cm/s) be the ambient

current, L be the length of the platform and z the water depth. The

time, t, for the pollutant to be swept past the platform is:

2.1

2

L
t

- U



During this time the mass, M, of pollutant discharged is:

M Qt = -0-L
U 2.2

This mass of pollutant is mixed initially into a volume, V09
water approximately equal to:

2
V L

z
0 8

leading to an initial concentration, X
02

M = 8Q
X0 = V 0 (ULZ)

For example, the values U = 5 cm/s, L = 50m, z = 20m, give

X = 1. 6 x 10 70 Q

2.3

2.4

2.5

With the discharge Q estimated as 100 gm/s, the initial concentration is

X0 = 16 ppm.

Dispersion in the Near Field

Observations of the expansion of a patch of dye introduced into the

water about 2 km from the platform have revealed seasonal variations in

the dispersion pattern (R. Armstrong, pers. comm.). Although the shape

of the dye patch is elliptical, an "equivalent radius", r, may be

defined so that the area, A, of the dye patch is given by A = 7rr 2

Some of Armstrong's observations on the rate of change of the equivalent

radius, i, and of the depth of penetration of the dye, h, are listed

below.

Summer Fall Winter Spring

i (m/hr) 54 21 30 42

h (m) 5 7 10 7.5

*
Measurements were not made in spring. The values listed are averaged
summer and winter values.



If an injection of a dye (or discharge of a pollutant) results in an

initial mixed volume V
0

of concentration X09 then at a later time,

X V 0

X 0 V

2.6

Knowing the rate of expansion and depth of penetration, we can estimate

V WO 2 h

so that

X V 0

X

Combining 2.3 and 2.7 we have,

X

X

it RO 2 h

L 2 z

0 8nhi 2 t 2

2.7

2.8

2.9

an expression valid in any consistent set of units. The dye dispersion

observations were made over several hours, say t
0 ,

so the formula should

be valid for any time t < 3 hours.

Mixing Downstream from the Platform

Downstream of the immediate vicinity of the platform, mixing occurs

in the turbulent wake of the platform. This mixing is described by

similarity theory. Taking L as the width of the platform, similarity

theory predicts, at downstream distances x such that

-E > 80 2.10

4



the half-width I of the wake increases as

Rx 1/2

2.114

(Tennekes and Lumley, 1972). The concentration, X, of pollutant in the

far wake is determined from the relationship,-

X '2x -1/2

X0

L

(Monin and Yaglom, 1974).

With L = 50 m, then at a downstream distance of

x (X L = 80 (50m) = 4 x 10'm
L)

2.12

2.13

from the platform, the maximum concentration occurring in the wake of

width

21 = 1j- (I-X
1/2

= 320m 2.14
2 L )

is

X = 0. 08 X 2.15

With the example emission rate of Q = 100 gm/s, then, the concentration

at distance x = 4km downstream in the wake is

X = 1. 3 ppm 2.16

This concentration is very approximate; by the time the pollutant has

travelled so far downstream, other effects of wind and settling come

into play.

Matching Conditions

Before these far-field approximations can be used, however,



they must be matched to the near-field approximations given above so

that the computed concentrations are continuous. The near-field

approximations may be written (see 2.8):

- -1/2

F
= C s (X)

2.17

where A is a constant which varies with the season and x = x/x
0 .

This

approximation is valid for several hours. The far-field approximation

may be written (from 2.12) as

X
2.18

where
C s

is a constant which depends upon the season and x = x/L. This

approximation is valid after about 4 km from the platform. These

solutions must now be matched as follows. Suppose that at some distance

xM it is required that the two computed concentrations be the same, that

is,

XN = XF at X = x M

A t_2
= C ^_1/2

s s XM

or C = A
t_2 -1/2 -1/2

s s xM XN N

Back-substitution gives

X

A t -2
s

. 1/2X
M

XF = XN I

Combining all results

X
X

N

X̂  ' (-M/X-

N

x )1/2

x < x

M

x > X

M

2.19

2.20

2.21

2.22

It remains to determine the matching distance, xM. The far-field

solution is assumed for x > 4 km, and the near-field solution is

6



assumed valid for several hours. For a typical current speed of, say, 6

cm/s, then after three hours, a particle will have travelled about 650

m, corresponding to a nondimensional distance x = x/L = 13. From 2.22,

it is clear that the far-field concentration estimate is always smaller

than that which would be computed using the near-field formula. To be

conservative, then, we choose (which must be between 650 m and 4 Rm)
XM

to be equal to 650 m, so that concentrations at intermediate distances

from the platform will be overpredicted.

Trajectory

During the time in which the pollutant plume is being diluted, it

is swept downstream in a continuously changing current. Thus at each

time step, the pollutant is advected in different directions over

different incremental distances. The model keeps track of this tra-

jectory, and thereby identifies different impact areas which might be

affected.

To calculate subsurface pollutant trajectories, the model requires

measured (or assumed) values of the speed and direction of subsurface

currents (e.g., at 10 m depth), at each time step. If V is the speed

and 6 the bearing of the subsurface current, then the.eastward (Ax i

and northward (Ayi.) displacements during the ith time interval At.are

given by

Ax = V At sine i 2.23

Ayi = V iAt cose, 2.24

The model expresses these displacements as incremental changes in the

range AR, and bearing, A^, of the pollutant during the ith time step:

ARi a I(Ax. i) 2 + (Ayi)
2] 1/2

A$. B tan
Ax

AY

4

2.25

2.26

7



The position of the pollutant relative to the source is given by the net

range and bearing:

E __^& = [[I: Axi] 2 + [1: '&YJ 2] 1/2
i A Ri -

i 1 2.27

E Ax
tan i

E AY
2.28

The values for incremental and net range and bearing are computed and

printed at each time step.

I

2.3 Floating Pollutants

Subsurface currents are often different from surface currents so

the trajectory of floating pollutants is calculated independently. The

trajectory of the floating pollutants is tracked in the same manner as

the trajectory of the vertically mixed pollutants. The essential

difference enters in relating the observed wind to the surface drift

current. Floating pollutants are subject to the direct action of the

wind. They are carried along by the wind-driven surface currents, which

do not-penetrate throughout the depth of the water column. The direction

of movement is assumed to be directly with the wind. The task is to

describe the trajectory of a mass of floating pollutants as the wind

changes speed and direction over time.

The procedure sequence used in the model to calculate floating

pollutant trajectories is as follows:

0 The size and number of time intervals for which the

trajectory is to be computed are specified;

• The speed and direction of the wind at each time. step is read

in;

• The program then computes the corresponding drift current

induced by the wind, displaces the mass of pollutant according-

ly, and keeps track of the total movement of the pollutant

mass.

8



Wind drift currents will attain a speed approximately 3.5% of the

wind speed 10 m above the surface, provided the wind has been blowing

long enough. If the wind changes speed or direction, some time must

elapse before the drift current reaches its equilibrium value. The

relationships among wind speed, drift currents, and wind duration have

been described by James (1968), and relevant results are reproduced in

Figure 1. (It is assumed here that wind duration, not fetch, will

dominate the drift current. This assumption is reasonable for most of

the observed winds in the western part of the Gulf of Mexico). The

dotted line in Figure 1 denotes the time required for a given wind field

to generate its equilibrium drift current, Te. The program automatically

keeps track of the wind duration - if it has been long enough, the

equilibrium value of the drift current V
D

is assigned, otherwise the

drift velocity is reduced by the ratio of the observed duration, T
w

to

the equilibrium duration, T e- Thus

V D = 0.035 V T > T

T
0.035 V

Y W ,

e

T < T
w- e

2.29

2.30

If*the wind changes speed, the following method described by James

is used. If the wind speed increases, the program computes the time it

would take for the higher wind speed to generate the drift current

existing at the time of the increase. This gives an "equivalent

duratiou".period for the higher wind speed, and the computation then

proceeds as before. If the wind speed decreases, it is assumed that the

drift current immediately drops to the equilibrium value corresponding

to the lower wind speed. Changes in wind direction are handled by

treating the two orthogonal components of wind speed separately in the

manner described above.

The initial discharge is assumed to be confined to within 1 meter

of the surface. As in the case of vertically mixed pollutants, it is

assumed that the initial mixing occurs in a volume equal to 1/8 of that

occupied by the platform (to 1 m depth).

2.4 Settling Particles

The purpose of modeling the sediment settling velocities is to

9



estimate how far from the source particles of various sizes will be

carried by the current before they are deposited on the sea floor. The

model assumes that the small sediment particles are simply carried along

by the horizontal current while they are settling towards the bottom.

The horizontal distance x
s ,

travelled by the sediments before settling

to the bottom is

x = Ut
s s 2.31

where t
s

is the time required to settle to the bottom and U is the

ambient current. The time t
s

for settling is

st
D
W

s
2.32

where D is the water depth and W
s

is the settling velocity.

The settling velocities for small particles follow Stoke's law,

2

W s 18V s -6 w 2.33

where g is the gravitational acceleration, v is the kinematic viscosity

of water, d is the diameter of the sediment particles, and 6 and 6
s w

are the specific weights of the sediment and seawater, respectively.
2 2 2

Taking g = 981 cm/s
,
v =.1.31 x 10 cm /s (at 100C), and representa

tive values of 6 s = 2.65 (sand, silt), and 6w = 1.025 (100C, 33 0/00) we

find

Z 6.8 x 10 3 2.34

in cgs units. Table 1 lists.settling velocities for various particle

sizes. A particle of diameter 0.012 cm will have a settling velocity

of 1 cm/s. For larger particles, the approximations upon which

Equation 2.34 is based begin to break down.

The program is written so that if the user specifies v,
6 s

and SWI

Equation 2.33 is used; otherwise, the default value incorporated in

Equation 2.34 are used to compute settling velocities. Unless d is

specified, the program computes ws* tsp and x
s
for particle sizes from

0.001 to 0.015 cm diameter.

10



3. DESCRIPTION OF MODEL OUTPUT

3.1 Printed Output

The output of the model is shown in Figure 2. This output

consists of some initial remarks and computations, calculations made at

each time step, a summary table, and computations for the settling

pollutants. The letters in the following discussion correspond to

those shown in Figure 2.

The f irst set of variables written at (A) are some of the input

parameters provided by the user. The names of the parameters are

self-explanatory. The seasons are numbered consecutively with winter

corresponding to 1.

The output at (B) consists of two parts which describe the initial

mixing of the vertically distributed and floating pollutants as they

are swept past the platform structure by the water currents. The

11release advection time" is the time it takes the current (surface or

subsurface) to be carried past the platform, computed according to

Equation 2.1. During this time, the "mass (of pollutant) released" is

computed according to Equation 2.2. The volume in which the pollutant

is mixed is computed according to Equation 2.3. For the surface pollu-

tants the depth d is set equal to 1 m in Equation 2.3. The initial

concentration is then computed According to Equation 2.4.

The computations made in (C) through (F) are repeated for each

step as long as input data are supplied. In (C) the time step number

and elapsed time are written. In (D) the input subsurface current speed

(UCUR) and direction (UDIR) and the wind speed (VWIND) and direction

(VDIR) are written. The oceanographic convention of specifying the

direction of a current as the direction towards which the'current is

going and the meteorological convention of specifying the direction of

a wind as the direction from which it blows are followed. Directions

are measured clockwise from true north.

At (E) the fate of the vertically mixed pollutants is described.

The incremental changes in the range and bearing, "DEL RANGE" and

"DEL BEAR" are computed according to Equations 2.23 through 2.26. The

resulting position of the pollutant, relative to the source, is computed

according to Equations 2.27 and 2.28 and written under the headings of

11



"RANGE" and "BEARING." If the range is small enough so that the

pollutant is still in the near field the volume and radius over which

the pollutant is mixed are computed according to Equation 2.7. If

the pollutant is already in the far field, the width of the wake,

computed according to Equation 2.11, is printed instead (see time

step number 3 in Figure 2). Next the distance "x" travelled by

the pollutant (that is, is the sum of all the range increments), is

computed. This is the distance measure which is used to distinguish

the near and far fields, and which is used to compute the width of

the wake in Equation 2.11. Next, the nondimensional. concentration

"CHIND" is computed in the near field (according to Equation 2.9),

and again in the far field (according to Equation 2.21). The dimen-

sional concentration "CHI" is then obtained by multiplying the non-

dimensional concentration by the initial concentration which was

computed at (B).

At (F) the fate of the floating pollutants is described. The

drift current (computed according to Equations 2.29 and 2.30 for the

eastward and northward components separately and then combined to give

the drift current speed and direction) is printed first. Next, the

incremental changes of range ("DEL RANGE") and bearing ("DEL BEAR") are

computed according to Equations 2.23 through 2.26 (with V i and D
i

corresponding to the drift current just*computed) and printed. Finally,

the next position of the floating pollutants is written as "RANGE" and

"BEARING" computed from Equations 2.27 and 2.28. The output at each

time step, viz. (C) through (F) in Figure 2 is repeated for all input

data.

After the computations at each time step are completed, a table

summarizing some of the results is printed. This table includes the

trajectory, concentration and width of the wake for the mixed pollutants

and the trajectory for the floating pollutants. The format is self-

explanatory and is shown at (G) in Figure 2. The purpose of the table

is to aid in graphing results, and its use will be discussed below.

The fate of the sinking particles is described in the next section

of output, which is shown at (H) in Figure 2. First, the values of

water viscosity and the specific weights of the particles and of the

water are written. Typical values for shelf water and sediments

12



are assumed unless the user specifies otherwise. The settling

velocities of particles in different size ranges are computed

according to Equation 2.33, and the time it takes for a particle

to settle to the bottom is computed according to Equation 2.32

using the water depth specified by the user. It is seen that

different size particles remain suspended for varying amounts of

time. To find out how far such particles have traveled and where

they hit the bottom, the user must refer to results given in (F) at

the time step corresponding to the settling time listed in (H). The

suspended particle moves with the vertically mixed pollutants until it

hits the bottom, and it therefore has the same trajectory until that

time.

3.2 Graphical Output

A computer graphics software package has been used to generate

graphs of the wake width, nondimensional concentrations as a function

of time, and the range and trajectory of subsurface and floating

pollutants. The "EZGRAPH" graphics package, developed by AVCO Computer

Services was used for the initial model runs. These plotting routines

are not particularly specialized, and any large computer facility is

likely to have a plotting package to which the dispersion model can be

conveniently coupled. The summary table at (G) in Figure 2 can be

written onto a file in a format suitable for input to the plotting

routine.

3.3 User's Manual

Running the Buccaneer Oil Field Dispersion Model is a straight-

forward procedure. The input data is in the form of two namelists

defining the values of various parameters, followed by a sequence of

cards which give the observed subsurface current and the wind speed at

each time step. The order and format of input cards areillustrated

in a sample input in Figure 3. To facilitate setting up the input

data and making modifications to the program, Table 2 lists the name,

units, and description of each input and output variable.

An annotated flow chart of the program is given in Figure 4 to

13



indicate the calculation sequence. A separate list of subroutines

along with their arguments (including a specification of which are

inputs to and which are outputs from the subroutine) and a brief

description of the function of each subroutine is given in Table 3.

Finally, a complete listing of the'program - the main program and all

of the subroutines is given in Figure 5.

14



4. RESULTS AND DISCUSSION

4.1 Results of Sample Computer Runs

The dispersion model for the Buccaneer Oil Field was run

using data for six two-day periods -- three each in winter (February)

and summer (August). Output results are summarized in five sets of

graphs. The first set, Figures 6 through 11, shows the growth of the

pollutant wake as vertically distributed pollutants are transported

downstream from the platform. These graphs indicate that the wake can

spread to approximately 1 km in width within 48 hours. No appreciable

differences in the rate or extent of wake spreading are indicated between

seasons.

Figures 12 through 17 show the decrease in pollutant concentra-

tion (non-dimensional) over time, for vertically distributed pollutants.

Concentrations decrease by a factor of approximately 10-6 in 48 hours,

as pollutants are dispersed downstream. initial turbulent mixing reduces

concentrations by 10-2 in the immediate vicinity of the platform, and

the remainder of the dispersion occurs as currents carry the pollutants

downstream. The overall patterns are similar for all cases examined.

The graphs showing reduction of concentration over range (Figures

18 through 23) also indicate a regular rate of reduction, but the total

distance.transported varies more among the specific cases examined.

The trajectories of subsurface pollutants are illustrated in

Figures 24 through 29. For ease of reference, these results are also

summarized in composite graphs indicating the relationship to the

coastline (Figures 30 and 31; these graphs are not output from the

computer). The map figures demonstrate an expected variability in

discrete trajectories for each sample date. However, it is also

clearly evident that vertically mixed pollutants are transported over

greater distances in the winter season than in the summer. The winter

trajectories generally paralleled the coastline, and no short-term impact

on the Texas coast is indicated. '

Floating pollutant trajectories for the sample dates are presented

in Figures 32 through 37, and summarized in Figures 38 and 39. Seasonal

differences in trajectories are even more marked than those for
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vertically distributed pollutants. The floating pollutants are

carried much greater distances by wind drift currents in February

than in August. These results also indicate that the coast southwest

of Galveston could be affected by floating pollutants within about

two days in winter.

4.2 Discussion

Actual field measurements and monitoring programs are limited

in the extent of data which can be obtained. The development of

models allows for reduced data gathering, since only a relatively

small number of data points are needed to verify model predictions.

Specifically, the development of applicable hydrodynamic models is

necessary to meet all of the objectives and goals of the study program

in assessing the environmental impacts of an active oil and gas field

in the northwestern Gulf of Mexico. These models are needed in order

to project the extent of environmental alterations associated with the

development of an active oil and gas field, to quantify their distribu-

tion in time and space in the marine ecosystem, and to be able to

predict how these sources and their distribution will ultimately impinge

upon and be absorbed by the system.

The dispersion model of the Buccaneer Oil Field provides a signifi-

cant tool which can be used in conjunction with the results from other

work units to evaluate the effects of operational contaminant discharges

on the surrounding marine ecosystem. Preliminary results of the model

indicate rapid dispersion, and long-range transport of minute quantities

of pollutants. Limited data on seasonal differences in the patterns of,

dispersion and transport indicate both similarities and differences in

these processes. Pollutants appear to be transported over substantially

greater distances in winter than in summer.

Further analyses will need to be made, using data from a variety of

seasons and weather conditions, to verify these patterns and expand

the data base for prediction.

The model is designed for use with observed wind, currents,

particle size inputs, etc. The source of these observations can be

local measurements, weather service predictions, or any other sources

of appropriate data.
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Validation of the model results will also require correlation with

measured pollutant distributions. The very low concentration of pollutants

expected from this analysis poses some problems in the methodology for

model verification. The measurements of pollutant distribution in the

sediments can be used, at least in part, to assess the applicability of the

model for sinking pollutants. For the other portions of the pollutant

load - surface and subsurface pollutants -- other approaches must be

employed. High precision analytical methods could be used to determine

pollutant dispersion for specific episodes, particularly in the near-

field region. Other methods, such as quantitative radiotracer or dye

tracer studies could also be employed to verify model predictions.

Once the model is shown to be reliable and valid, it can be used to

describe the distribution and extent of various parameters associated

with the developed well site.

The efforts of this work unit form an integral part of the overall

study program to evaluate the environmental effects of the BOF. An

understanding of the physical dispersion and transport processes can be

used to indicate the marine resource areas most likely to be impacted by

BOF operations. Results of the modelling analyses can also be incorporated

in a physical mass transport model to identify the pollutant input to

various biological components of the ecosystem.
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APPENDIX A

TABLES



Table 1. Size Range and Settling Velocity for Fine Particles

Particle Size Settling Velocities w s
(cm/sec)

Group Name Range (Microns) Lowest Highest Mean

Very fine sand 60-100 0.245 0-2 0.680 0.462

Coarse silt 20-60 2.72xl 0.245 0.136

Medium silt 6-20 2.45xlO-3 2.72xlO-2 1.43xlO-2

Fine silt 2-6 2.72xlO -4 2.45xlO-3 l.-36xlO-3

Clay <2 2.72xlO -4 0.68xlO-4



Table 2. List of Input and Output Variables

Name
Q
IS
RL

DELT
ID
DIAM

VISCOS
WTSED

WTWAT

UCUR
UDIR

VWIND
VDIR

D

TI
CHII
VOLI
RM

VDRIFT
NSTEP
TIME

DELRAN
RANGE
BEAR

X

WAKWID
VOL
R

CHIND

Units
-1kgm s

(integer)
m

hr

(integer)
m

2 -1m s
non-dimensional

non-dimensional
-1ems

degrees

-1ms
degrees

m

min
-3kgm m

3
m

kgm
-1cm s

hr
km.

km.

degrees
km.

km.
3m

m

non-dimensional

DescriE,tion
source strength
season number (winter - 1, spring = 2, •._
width of platform
time step
date
diameter of sediment particles
viscosity of water near platform
the specific weight of the sinking
pollutant

_specific weight of water near platform
speed of subsurface current
direction (from true north) towards which
current flows

speed of wind
direction (from true north) from which
wind blows

water depth
release advection time
initial concentration
initial mixing volume
mass released during TI
drift current
time step number
elapsed time
change in range
distance from source
direction of pollutant
distance travelled
width of wake (far field only)
mixing volume (near field only)
radius (near field only)
non-dimensiona1 concentration

A-2



Table 2 (Continued)

Name Units Description

DRFT degrees direction towards which drift current
flows

TS hr settling time

WS CM S-1 settling velocity

Intermediate Variables

U cm s -1 same as UCUR

T hr same as TIME

V cm s same as VDRIFT

VL cm s previous hours drift current
(saved by subroutine UPDATE)

SUMX km cumulative distance travelled
in x component of trajectory

SUMY km cumulative distance travelled
in y component of trajectory

DELBR degrees change in bearing over previous hour



Table 3. List of Subroutines*

Name

SOURCE (Q,U,RL,D,RM,TI,CHI1,VOL1)

NEAR (IS,T,VOLl,.&VOL,CHIND)

SURF (RL,Q,V,TI,RM,VOL1,CH11)

Function

Computes initial concentration of
vertically distributed pollutants

Computes the near field concentration
of vertically distributed pollutants

Computes initial concentration of
surface (i.e., floating) pollutants

SETTLE (D,DIAM,VISCOS, WTSED,
WTWAT,TS,WS)

UPDATE (VW,VL,DELT,V)

TRAJEC (VX,VY,DELT,SUMX,SUMY,
DELRAN,DELBR,RANGE,BEAR)

Computes and writes settling velocities
and settling times of various size
particles

Computes wind-induced drift current

Computes trajectory of vertically
distributed or floating pollutants

*Variables which are underlined in the argument list are output from
the subroutine.



APPENDIX B

FIGURES



Wind Velocity Mt.)

12 16 20 24 28 32 . 36

WIND DRIFT CURRENTS Mt.)

Figure 1. Relationship of wind velocity,
duration and fetch to wind drift currents

(after James, 1968).
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PROGRAM TO COMPUTE POLLUTANT CONCENTRATION FROM 4UCCANFER OIL PLATFORM DISCHARGE

MKS UNITS FOR ALL PARAMETERS UNLESS SPECIFIED OTHERWISE

to 5 10879

PLATFORM WIDTH 6 90400 M WATER DEPTH a 20000 M ORLY a 1#00 MR
INITIAL CURRENT 0 15000 We SOURCE STRENGTH a IsOOOO KOM/$ SEASON a 3

SOURCE CHARACTERISTIC$

DISTRIBUTED POLLUTANTS

"All RELEASED 0
INITIAL MIX VOL 0

FLOATING POLLUTANTS

MASS RELEASED R
INITIAL "IN VOL-11

a
f-UN 6489C403 M**j INITIAL CONCENTRATION 9 5@339002 MGM/4*65
%JID

AfN
wj

j;j0E*O3 No" RELEASE ADVIC TIME a I less "IN
3411E408 M**3 INITIAL CONCENTRATION a 3.919#00 KOH/00*3

DISTRIBUTED POLLUTANTS

TIMI'STIP mums q I TIME a 1,00 MR

UCUR a 19.00 CHI$ UOIN a 159600 Ole T VwINn 1*30 NO$

2 *v1ff##q8 Mali %III RAMN AnVfff' TIMM a I a 6 Mfu

OIL, RANGE 0 0,140 KN RANGE P. OgS&O RN 8gApIw# a 255i OOEG T

MINING VOLUME M46961404 Mess RADIUS 1,40E*01 H
v 9 $40000 M CHINO 6.8?EeO3 CHI a 30649604 KOM1M**3

LOATINO POLLUTANTS

DRIFT CURRENT 6 4.99 CMOS, DRIFT DIN a 330.0 DEG I
OIL RANGE a 0,164 KM RANGE a 06164 KM BIARING 33000 DIG T

VOIN a 110460 O99-Y

Figure 2. Example output of computer program.

UD
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TIME.&TIP NUMB 0 a TIME 4 2600 MR

UCUR 0 14,00 C4/3 UDIR w 269.00 DIG T VWINO 1630 "/a VOIN 0 150400 Ore T

DISTRIBUTED POLLUTAWT8

DEL RANGE 0 OeSO4 KM RANGE P 1,036 KH BEARING 4 261. 80eg T
WIDTH OF WAKE a 0016t KM

1 0 1044,00 M CHtND a 1:35E.03 CHI TaIGEmOS KQMtM**3

FLOATING POLLUTANTS

DRIFT CURRENT 8 4,55 CHI& DRIFT DIR a 330,0 ore T
DEL RANGE 4

T:MI'BTCP NUMB 0 3

UCUR 5 14.'00 CRIS

DISTRIBUTED POLLUTANTS

UDIR a 1?2400 DEG T YWIND a 1#30 M^S

DEL RANGE 0 04904 X" RANGE v 1,533 KH BEARING a 265. 1 Deg T
WIDTH OF WAKE 9 0,197 KN

x 0 1546,00 " CHINO 4.'VIE.04 CHI v 1#61toOl KQMM**3

FLOATING POLLUTANTS

DRIFT CURRENT 1 4,'95 CRil
DEL RANGE 9 09164 KM

RANGE a 0,326 KM BEARING 4 33000 DEG TOvt64 KK

TIME a 3600 MR

DRIFT DIR 1. 330.,0 DEG I
RANW$ 0,441 Km BEARING 13040 Of$ T

(Repeat time steps as long as input data are supplied)

VOIN 4 130400 090 T

Figure 2 (Continued)
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f-\ SUIROOINE SETTLE
%S/

DIA"n 16009"Os M VIICOIN j@3t9wOj M**1j69C WTIED a 1,69 WTWAT tool

DI&MITIA WILING VELOCITY BETTLING TIME
M M/8 MR

1*001009
10001005
3,00toOS
4,ooEwOq
slootmos
6000990S
7000FOOS
AmOoEmos
14001009
1*009w04
1*109004
1110COO&
19309004
1@4DEsO4
14901004

60769001
100IN04
600SE004
10081003
1069EO03
14439003
3011P03
4013EWO3
SsWoO3
6076EN03
681SE-03
96741003
1014E-02
1,33EW01
1.91EQ01

81,18
20894
9,13
9,14
3019
2026
1868
lots
toot
0,61
0168
0,91
coal
0,41
0037

Figure 2 (Continued) I



//BUCCANER JOB (68206623nOAoERT--#101#p-"tJBEEBSob2owom"wwmft"oabio)
MbGLEVEL91#CLASSPB I
EXEC FTGICLOoPARtimINOSOURCEiNDLISTeNtitiAPI

WORTeSYSIN Do DStimERT46lOoP6623008,BUCCANEReDISPsOLD
//GOoFTO2F00I DO OSNOERT4610,P6623OO8eOODAY8oDl5PtOLD
//G0sFT0SF00I 00 *
&INPUTI Q4lojl$M3sRL%50stDP20olDELTnI*p
IDSO80878
NMAX048t
&END
&INPUT2 DtAMmOooVISCOBROgeWTSgDqOo,WTWAT40oo&END'
Ise ass* jl3 1504
14 269, 193 Isol
14: 272o 1,3 1501
14, 263t .2112 120l
13a 288, 168 %206
12, 284, ton 604
12 273, Its 600
t3: 213. 2oP 150
12a 261, 3,1 501,
131, 263. 1,8 600
120 262. 2,7 60*
12o 263t 4on 70a
Joe 301. 4,9 70t
12o 323, 3,6 700
91 329* 490 706
1 4 3356 A 4 n is,
9, 336, 4oU 95,
too 352, 405 1402
so 2884 297 120l
Ito 250, 183 150,

I X X I X

Figure 3. Order and format of input cards to computer program.



111, 2641 1 m3 1 5f).
14e 253, 1,3 1506
JAI 262, 0,9 ISO,
17, 262, 1,13 1508
18, 255, I'R 180,
194 272a 10 1806
ig', 286, 0,9 1851
20, 3034 1.3 200,
is, 311, 0,9 3000
14. 333, 193 Ios
111 323. 212 304
to, 29T, -ill 40s
Its 283, 207 601
12, 282s 3o6 60,
13a 276o 4,0 451
till 273, 4j5 45,
13, 275, 4,9 45.
12a 278, 490 45
It, 286. 1,3 (3r)
9, 3044 1 3 6c),
7, 3281 1 '8 too,
7, 3 1 2 1 1 a 150,
Be 292* 113 Isov
91 280, 143 150,
8, 259, 188 1500
Its 251, 3ol Ian,
141, 250, 346 1854
17m 2774 311. 190,

Figure 3 (Continued)
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//GOsFT13F'OOI DD
A TJTLEI 15

1
A TIT4E2 15
A TITLE3 15

x
A TITLE4 15

8
A XLABEL 15
MIME MHOURSMS
A YLA8EL IS
(W) AKE MIDTH (()KMO)s
CHART 3 NTITLE 4 XSCALE a YSCA4E 2
XMIN is XMAX 100, YMIN gOl YMAX 10*
XOATA
YOATA

I
A YLABEL 15
WONP(O)IMENSIONA4 (C)ONCENTRATIONS
YMIN JqEwT YMAX 0#1 XMIN Is XMAW 1000
YOATA

A XLABEL 15
MANtPE (()KMC))S
XMIN 91 XMAX 100a YMIN JsEw? YMAX Dot
XDATA

I
A TITLE4 15
(8)lJB%8UWFAC6 MOLUITANT (T)RAJECTORYS
A X4ABE4 15
(xi (OKHMS
A YLABE4 15
(Y) (()KMo)$
XSCALE I YSCALE I NONE I
.XMIN -60s XHAX 60o Y14IN *60@ YMAX boo

Figure 3 (Continued)



XDATA
YDATA

I
A TITLE4

15 I.UTANT (T)RAJECTURY$(F)LOATING MOL
xmvi 960l XMAX hOo YMIN P60e YMAX 60*
XDATA
YDATA

I
END

Figure 3 (Continued)



=START

I-

V
UREADDATATIME STEP

OF
IIST

ME STE

WRITE
PARAMS

CALL
SOURCE

WRITE
RESULTS

CALL
SURF

WRITE
RESULTS

I

INITIALIZE
VARIABLES

VTO

NAMELIST/INPUT l/
Q, IS, RL, D, DELT, ID

NAMELIST/INPUT 2/DIAM, VISCOS, WTSED, WTWAT

UCUR, UDIR, VWIND, VDIR

Writes(Z)of Figure 2

Computes initial mixing of vertically distributed
pollutants

Writes first part of(&Figure 2

Computes initial mixing of floating pollutants

Writes second part of(D, Figure 2

Figure 4. Annotated flow chart of
computer program.



READ
NEW DATA

WRITE
ME. DIATA

CALL
TRAJEC

WRITE
ITtRAJEC_J

COMP
XNO, WAKWID

Read data for new time step

Writeswand(D)of Figure 2

Computes trajectory for mixed.pollutants

Writes first line ofQ Figure 2

Computes nondimensional distance travelled and
width of wake

YES (Far Field)

WRITE / If.pollutant is in the far-field regime,
WAKWID/ writes width of wake in line 2 ofQ Figure 2

J

CALL
NEAR

Computes near-field nondimensional concentration
mixing volume, radius

Figure 4 (Continued)

ZMATCH
+ XND at

NO



I

XND L-
XMATCH

MODIFY
CONCEN-

TRATIONS
Modifies concentration for far-field

Writes mixing volume and radius (line 2
of (D, Figure 2)

WRITE Writes distance travelled and concentration, line 3 of
DIST. CHI Figure 2

CALL
UPDATE

CALL
TRAJEC

WRITE
RESULTS

Computes drift current

Computes trajectory of surface pollutants

Writes (D of Figure 2

TO
6

WRITE
RESULTS

YES (Far Fieldl

YES

I TO
8

I

Writes results to be used in graphs onto disk files
for later use

Figure 4 (Continued)

C1

. I

NO

WR7IX8ADVOL_ 11US

MORE
DATA

NO



Writes a table summarizing results to be used in
graphs, @ of Figure 2

Computes settling velocities and times and
writes (a) of Figure 2

Figure 4 (Continued)

T

DI

SUMMARY

I

WRITE

V

CALL
SETTLE

END
c4D



C***MAIN PROGRAM*** I
NAMELIST/INPUTI/OllStR^tOoDELToIDONHAW
NAHE41ST/INPUT2/DIAMlVISC'USeWTSEOIWTWAT
DIMENSION XF(50)oYF(50)txli(SO)BYti($O)#CONCNDtSO)#'TTIMe(SM)I
>RANGEM(50)jwAKE(50),RANG EF(50)
DATA WFlYF,XMoYMeCONCNOoTTIMEpRANGEMIWAKEtRANGEF/450*0,1,/
READ(SOINPLITI)
RE An (So INPUT 2)
WRITE(6114)
WRITefbol)

C -
C SPECIFY SOURCE AND CURRENT
C

C1

READ(5#21) LiCURgUDjRo'VWINDoVDIR
UCURNUCUR/1000
WRITE(612) 1DoRLoDo0ELToUCUNoQoI8
DELTEDELT*3600*
CALL Snt)RCECUILICURiRLoDoRMpTi'$CHII*VD411
T I a I I / 6 0 a
WRITE(fijj2) RHaT1#v0L1#CHI1
T I n T I * 6 0 m
HQLDzCH11
VDRIFTV0v035*VWIND
CALL $URFCRLiOsVORIFTeTteRMoVOLliCHII)
TINTI/bOs
WRITE(bol?) RMoTloVOLItCH11
T 10 T I * 6 0 s
CH110HOLD

.C'CONCENTRATION IN THE WATER C04UMN
C

00000010
000000ao
00000030
00000040
00000050
00000060
00000070
00000080
00000090
60000100
00000110
00000120
0000013U
00000140
00000150
00000160
nOO00170
00000180
00000190
00000200
00000210
00000220
00000230
00000240
00000250
00000260
00000270
00000280
0000OR90
00000300
00000310

Figure 5. Complete computer program listing
for the BOF platform dispersion model



N3TEPPO
sUmxqO
SUHYVO:
x 0 0 a
8UMx I ^01
3UMY 140
Y I P 0 0
VWLXAvVWINO*3IN(VDjR^57,Z95'8)
VWLYPwVWIND*COS(VDI0S7@2958)
VLX^0903S*VWL%
VLYxOoO35*VWLY

140 NSTEP@NOTEP+l
TIMERTIME+DELT
IF(NSTEP jGTo 1) READ (S,21, END=9997)
JF(NSTEPjNEvI)UCURqUCUR/jOOg

UCUR,UDIR,VWIND,VDIR

TIME%TIME/3600&
TTIMe(N5TEP)!TIME
WRITE(6pjj) NSTEPsTIMK
TIM^RTIME*3600s
WRITE(boW UCURoUDIRIVWINDIVOIR
UXCURsUCUR*SIN(UDIR/'57m29S8)
UYCURmUCLIR*COS(UDjR/S?g29-5S)
CAL4 TRAJEC(UXCURo?yCtjRoDELT#iLIMX#sumyo-DELRANeDeLBR#RANGE#EIEAR^
WRITE(6j19) DELAA N RANGE#BEAR
RANGEMCNSTEP)oRANGE/1000a
XM(MSTEP)ASUMX/10004
YM(NSTEP)4SUMY/1000,
X4X+UELRAN
TVTIME
XMATCHmIYI
XNDx X/RL
WAKWIDqOs5*(Zs*XND^**OjS'

00000320
00000330
00000340
00000350
00000360
00000370
00000380
00000390
00000400
00000410
Q00004RO
00000430
00000440
00000450
00000460
00000470!
00000480
00000490
00000500
00000510
00000520
00000530
00000540
00000550
00000560
00000570
00000580
00000590
00000600
00000610
00000620
oOO00630
00000640
00000650
oDO00660

Figure 5 (Continued)



WAKWIDvWAKWIO*RL
wAKE(NSTEP)VWAKWID/1000,
IF(XND.oGEs XHATCH) WRITE(6,6) WAKWID

100 CALL NEAR(ISsT#VDLlfR#yO4jCHIND)
IF(XND sLTa XMATCH) WRITE(bs?) VOLsR
IF(XNDeGEoXMATCH)CHINDICHIND*(XMATCH/XNDj*ko,,Is

110 CHIP CHIND*CHli
CONCNDCNSIEP)MCHINO
WRITE(6j8)XjCHINDjCHI

c
POR SURFACE POL^U+ANTR

i

C-SEQUENT%AL TRAJECTORY ANALYSIS
C

WDIRmVDIR
VWRVWIND
VWXVpVW*8IN(WDIR/57m29%8)
VWYKwvw*C0S(WDlR/57$2q5sj
WRITE(6o5)
CALL UPDATE(Vwxpv0tDELT Vx.^
CALL UPDAT1(VwYjVLYpPE0:VY
VDRIFTM(VX**2+VY**2)^*0w5
DRFT4ZTAN2(VXjVY)*5j@Z958
IF(0RFTmLTsO&)DRFT!0RFT+360#
WRITE(boW VDRIFY;DRF!
,CALL TRAJECCVXPVY#DELTeSUMXI#SUMYliDELRANoDE^BRORANGEt-oBEARI)
WRITE(bolg) DELRAN:RANGEI,BEARJ
MF(NSTEP)vSUMXl/100O^
Y#(N3TEP)F5UMYl/1000j
RANGEF(NSTeP)%RANGEl/1OO04
W10XI+DELRAN

120 CONTINUE*,
00 TO 140

9997 CONTINUE
CALL GRAPHS(NMAXlYTIMEtiMlYMpRANGEM#CDNCND;WAKE,X#IYFPRANGEFj

I I D 3
WRITEC6j14)

00000670
00000660
00000690
00000700
00000710
00000720
00000730
00000740
00000750
00000760
00000770
00000760
00000790
00000800
00000810
00000620
00000830
00000840
00000850
00000860
0000087

00000880
00000890
00000900
00000910
00000920
00000930
00000940
00000950
00000960
00000970
00000980
00001000
00001010
00001020

Figure 5 (Continued)



WRITE16sM 00001030
DO 190 IPljNMAX 00001040

150 WRIT9(6l2b) TTrme,c.t)PXM(I)#YMCI)PRANGEM(l),CCINCND*Cl)',*WAKE(I)o 00001050
0XF(I)jYF,(I)jRANGEF(I) 00001060
0 00001070
C SETTLING PARTICLE$ 00601080
C 00001090

CALL BETTLe(01*DIAM;VISCOS#WTSED#WTWAToTSeWSi 00001100
C 00001110

I FORMAT(I PROGRAM TO COMPUTE POLLUTANT CONCENTRATIaNl# 00001120
01 FROM BUCCANEER OIL PLATFnRM DISCHARGEI//l MKS UNITS FOR ALL-lo 00001130
SIPARAMETERS UNLESS.SPECIFIED OTHERWISel///) 00001140
2 FORMATW 10 pIlI7#/,* 00001150
>/#T3tI PLATFORM wrDTH PI#FS92;1 MI#T64#IWATER DEPTH 41, 00001160
0F8*2lI MliT102tIOELT ml0F5,2gI HRI/ 00001170
OT3ol INITIAL CURRENT "I#+2PF8m2#I CM/SI;T60;ISOURCE Is 00001180
013TRINGTH @I#OPF4#4#I KOM/SI#.Tl.00pISEAS N 5 '#'111 00001190^

3 FORHATC//jT711081 #Tl0rP8l3pT30tlIS4IeI4s 0000tROO
C 0T40jITWvIoT50 Fa ltTfi5#IRL!pIjF7m2pI MIjT85ljIDmIev?sllj MI; 00001210
Cl fTl0§sIDeLT PI:FY:2,1 89CI) 000012io

4 FORMAT(T19#1 X!`JoT23
,
iFl0#2jI HIjT55pIMFAN TRAVEL TIME Pl,", 00001230

OT13tFlOsill 31) 00001240
5 FORMATU/I P40ATING POLLUTANTSI/) 00001250
6 FORMATMil WIDTH Dr.wAKE Pl,v3PF8slpl KMll 00001260
1 FORMATC75ol MIYING VOLl.)ME-0#lPE8*2j1 M**31IT42i 00DO1270
PIRADIUS lI#1pel0v4;I mll oOoOI280

6 FORMAT(T17#1 X 4loF8.2#1 Ml#T43p 00001290
PICHIND 4I#lPE9*2tT?2

I

CHI !101PE9020 00001300
PI KGM/M**31) m01310

cl 9 FORMATUtT5#1 PARTICL9.DIAMETERP'pT25,Flo$S,#I MI;TV4"18ETT'I LING 1; 00001320
C *ITlMEPltT70jFl0a2ol Vt/#T5vI 8ETTLING VF^OQYTYdIpT25oFl0a5# 00001330
C 01 H/Sl#TSOPISETTLING DISTANCEPIpTIOlFlosall ml^, 00001340

10 FORMAT(T1011 WIND 8PEED4I#T23pFl0s2jI M/3l#T59,;IWIND.,,I' 00001350
vIDURATION@l,T?3pFl0m2#I .31#T9541DRIFT CURRENTFIrT1108F1004; 00001360
#I M/51) 00001370

Figure 5 (Continued)



11 F0RMATt/////#T5jITlME STEP NUMB Plel3o
OT44#ITIHE PI#F8s2pI HRI)

12 FORMATCTSII HAS$ RELEASED mljT2S#jPE8**2 KGMI;T57"
PIRELEASE,ADVEO TIME PlT?Sp0PF8$l#I MINIO
0/03#1 INITIAL-MIX VOL xIjT25slPE8s2#I M**31'"
PT541lINITIAL CONCENTRATION qItTT8*lPESs2s.I,K6M/M**31^

13 FORMAT(TSII RELEASElADVE0 TIMEimlT309FBolol 81sTSCIP
010RIFT CURRENT xIjT75j+2PFl0j4*'I CM/Sl)

14 FORMATCIHI)
C 15'FORMAT(15#9YjFl0mj)
C, lb FORMAT(//////////TS#ITRAIKOTURY COMPUTED FOR103-I'l TIME STEPS
C OF84111 SEC EACHI/)
C 17 FORMATUFlOol)

18 FORMATMel DRIFT CURRENT !,f#+aPF84a#I CM/3I'v'T39'#*IDRIFT DIR
POPF8slol DEG TO)

19 FORMATCT9ol DEL RANGE vIj@3PF8*3lI KMIs
#T43,IRAN6k!%Io*3PF8,3jI KMljT69jIREARING 111OPF84,18
@I DEG TO)

C. 20 FORMATC010el)
21 FORMAT(0101R)

00001380
00001390
00001400
00001410
00001420
00001430
00001440
00001450
00001460
00001470

oF'000001480
00001490
00001500

lp 1 *00 . QOOO1510
00001520
00001530
00001540
00001550
00001560
00001570

T1100001$8022 FORMAT(/TlSoIUCUR J!It+2PF8sR#I CM/3I#T44#IU0IR D2Q-
>T70i
>I.VWIND m1OF8020.1 M/8,1710311VOIR PI#F8#Z;I 010 T11o
>/#I D13TRIBUTED POL41JTANTSI/)

23 OORMATCTIR,ISURP CUR 81,F1012ol M/81)
24 FORMATMpl NET CURRENT Rlo+RPFSm2jI CM/SloT410NET OIR slo

>0PF8mljI DEG TO)
25'FORMAT(I SUMMARY TABLEI^TbSITIMR (HR)l "IV MIXED tKM)I#T190

#T33o+IY MIXED CKM^I,T41,IRANGE MIX CKWiT620CONCEN NDI,
OTIWWAKE (KM)II , I
PT89o'X FLOAT CKM)l#Tl04tlY FLOAT (KM)I;Tlj&sIRANGE FL

26 FORMAT( IP9e140)
STOP
END

(KM) I /)

00001590
00001boo
00001blo
00001620
00001630
00001640
00001650
00001660
00001670
00001680
00001690
00001TOO
00001710

Figure 5 (Continued)



SUBROUTINE BOURCE-CO#U#R^#DoRM#TI#CHIIPVOLII
WRITe(bea)
WRITE(bol)
TIMRL/U
RMRQ*Ti
YOLjqRL**2j*D/8s
CH114RM/VDLI
FORmATt/l D13TRIBUTED POLLUTANT51/i
FORHATC/1 SOURCE CHARACTERISTICSI)
RETURN
END

1
2

50ROUTINE NEAR(IS;T'lvOLljR0V0LlCHIND)
DIMENSION ROOT(4)lRH(4)
RDnT(I)P 30,
RDOT(2)x 4?o
RDOTMI,54s
RDOT(4)q 10@
RHMX 108
RH(a)w TsS
RH(3)4 5m0
RH(4)4 70
RARDOT(l$)*T/3b00s
VOL% 34j4j592b*RH(IS)*R**aj
CHINON VOLI/VOL
RETURN
END

40001720
00001730
00001?40
00001750
00001760
00001770
00001780
00001790
00001800
00001810
00001820

00001830
00001840
00001850
00001860
00001870
00001880
00001890
00001900
00001910
00001920
00001930
00001940
00001950
00001960
00001970

Figure 5 (Continued)



SUBROUTINE SURFCRLitOoVi.TI#RMI^.VD41#CHII)
WRITE(bil)
DIP 19
VOLjqRL**?l*Dj/8q
T0! RL/V

RMP G*RLVV
CHIIFRM/VOLI

I FORMATC/I FLOATING POLLUTANTSI/)
RETURN
END

SUBROUTINI BETTLECOoDIAMoVISCOSIWTSEDOWTWATiTSI-wa)
WRITE(bj3)

C COMPUTE SETTLING VELOCITY
HOLDqDIAM
Do too ipleis
XFOISCO8 oN94 Do) GO TO 120
VlSCO3fl93t9v6

120 IFCWTSED vNE, Do) 90 TO 130
WTSEDxe,65

130 IF(WTWAT sNEs Do) GO TO, 140
WTWATlllo025

140 GRAVm9s8l
CONSToORAV*CWTSED"WTWAT)1(18o*VISCOS)
IF(HOO oEQo Do) DjAMw(jsEm5)*J
WSmCDNST*DIAM**2
TS^D/WS
JF(j 4GTo 1) GO TO 150
WRITE(6l4) DIAMjVISCOSvWTS[DtWTWAT
wRITE(6,I)

150 TSBTS/3600a
WRITa(6l2) DIAMIWS;Ts
TSnTS*3600o

00001980
00001990
00002000
0000a0lo
00002020
00002030
00002040
00002050
00002060
00002070

00002080
00002090
00002100
00002110
0000alR0
0000aJ30
0000el4o
00002150
00002160
0000W0
00coaleo
POOP2190
00002200
00002210
00002220
00002230
000OR240
00002250
0000?ebo
60002270
00002280
00002ago

Figure 5 (Continued)



IF (HOLD-NE-0.) GO TO 110
100 CONTINUE
110 CONTINUE

I FORMAT(TSel DIAMETERItTMISITTLING VELOCITYloTbOt
#lS9TT4ING TIMEI#/Tl0#IMlvT38#
#Im/sI,T68jIMRI I /)

"T35sEl0a2;Tb2,0PFlo;8j2 FORMATC T4sjPK,092*
3 FORMAT(//////////I- SUBROUTINE SETTLEI/)
4 FORMAT(MIDIAMKIOPE10*2#1 MlIT3011VISensol"'ElOmap,
>TbOf
PIWTSED fI00PFBj2jT8oslWTWAT *lsF6s2/)
RETURN
END

SUBROUTINE UPDATECVW#VLPDELT#Y:l
SSVNOI035*yw
IF(ABSCVL) sGEs ABS(SS0)Q,O TO 100
VWKTwAR8(VW)*1*9426
SSTMHR144D5O5lwOo2t29B*VWKT*OlO27TO*VWKT**t
SSTMwSSTMHR*360ns
DVDTNSSV/SSTM
VNVL*DVDT*DFLY
IF(ABS(Y) sGTs ABS(SSV))GO TO 100
GO TO 110

too vq8sv
110 VLmV

RETURN
END

00002300
00002310
00002320
00002330
00002340
00002350
000023bO
00002370
00002380
00002390
00002400-
an002410
00002420

00002430
00002440

000
00002460
00002470

0000asto
00002530
00002540
00001553
000025bO
00002570

Fig^re 5 (Continued)
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Figure 6. Growth of the pollutant wake downstream
from the BOF platform, August 4, 1978
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Figure 7. Growth of the pollutant wake downstream from
the BOF platform, August 8, 1978
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Figure 8. Growth of the pollutant wake downstream from
the BOF platform, August 24, 1978
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the BOF platform, February 16, 1979
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Figure 12. Concentration of vertically distributed
pollutants over time, August 4, 1978
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Figure 14. Concentration of vertically distributed
pollutants over time, August 24, 1978
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pollutants over time, February 21, 1979
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Figure 22. Concentration of vertically distributed
pollutants over range, February 21,1979
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Figure 23. Concentration of vertically distributed
pollutants over range, February 25, 1979
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Figure 24. Subsurface pollutant trajectory, August 4, 1978
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Figure 25. Subsurface pollutant trajectory, August 8, 1978
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Figure 26. Subsurface pollutant trajectory, August 24, 1978
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Figure 27. Subsurface pollutant trajectory, February 16, 1979
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Figure 28. Subsurface pollutant trajectory, February 21,1979
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Figure 29. Subsurface pollutant trajectory, February 25, 1979
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Figure 30. Composite map of subsurface pollutant
trajectories, August 1978
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Figure 31. Composite map of subsurface pollutant
trajectories, February 1979
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Figure 32. Floating pollutant trajectory,
August 4, 1978
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Figure 33. Floating pollutant trajectory,
August 8, 1978
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Figure 34. Floating pollutant trajectory,
Augus t 24, 1978
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Figure 35. Floating pollutant trajectory,
February 16, 1979
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Figure 36. Floating pollutant trajectory,
February 21, 1979
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Figure 38. Composite map of floating pollutant
trajectories, August 1978
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Figure 39. Composite map of floating pollutant
trajectories, February 1979
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