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Replenishing Hydrocarbon Reserves

[lights down and stars up and fly through the star system}

It is nice to be here with you this afternoon to look at the stars. The people I have the
privilege to introduce today, chose, in their youth, to “build castles in the sky” and to
“reach for the stars.” The topic, even for most oil finders, is out of the mainstream.
Reminds me of how the industry used seismic for direct hydrocarbon detection in the
early 1970’s and for interpreting sequence stratigraphy in the early 1980°s. Looking at
concepts for exploration in the 1990’s, logic and location dictate we start this
introductory presentation with a star tour.

Today, even more than most days, you have the opportunity to “take a walk in your
mind.”? 1hope you rediscover, to quote the great oil-finder Wallace E. Pratt, that “oil is
first found, in the final analysis, in the minds of men”2 and women. As an up front
acknowledgment, this presentation blends together many people’s thoughts and work,
often as direct quotes. I will not specify all of the quotes, because they are documented in
a souvenir preprint. Please sit back, relax, and help me contemplate the implications of
the work being done by the Global Basins Research Network (the GBRN), their corporate
partners and their corporate sponsors.

[slide 1C: Replenishing Hydrocarbon Reserves]

“Replenishing Hydrocarbon Reserves” summarizes the research work I have the privilege
of introducing. As a pre-recorded, general introduction to the more technical
presentations to follow, this show aims to articulate the importance of hydrocarbons to
society from the oil industry’s point of view, to introduce the GBRN and the scientific
principles they are studying, and to specify how this research work affects each one of us.
The GBRN plans to use the information presented today to build a planetarium show that
will tour the country, transferring the technology developed through the $10 million
Department of Energy grant back to taxpayers.

But before we talk about the 1990’s, let’s go back way before the 1890’s to review why
hydrocarbons are so important to our society.

[slide 1L: Why are hydrocarbons important to society ?]

Anciently hydrocarbons were used as building mortar, perhaps to caulk Noah’s ark and
Moses’ basket, for road making, as a medicine, for war, and, in a limited and generally
unsatisfactory way, for lighting.3 However, in the ancient Americas there is little
evidence of hydrocarbon usage. To stress the relevance of hydrocarbons to today’s
society, our mindwalk starts in Oaxaca, in south-central Mexico, at the famous ruins of
Monte Alban. One of the main reasons we are starting at Monte Alban is that the Burke
Baker Planetarium has a three-dimensional model of the ruins, which introduces the
visualization tools that will be used to show GBRN results later today.

[from the north star bring in the Monte Alban ruins and rotate them around]

This display was derived from data we collected in June of 1991 when the planetarium

sponsored an eclipse trip to Oaxaca. I helped survey the ruins. On this trip, Dr. Carolyn

Sumners, Director of the Planetarium, discovered how this monument at Monte Alban

can be used to monitor the sun’s movement through the year. This ability was critical to
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developing the accurate calendar they had. The oldest Meso-American calendar, found
here at Monte Alban, dates to A.D. 432.4 The cultures that built these monuments were
tremendous stone masons, their first cities emerged between 500 B.C. and 200 B.C.
Monte Alban was the first urban center.®

[bring up Monte Alban panorama slides]

By approximately A.D. 300 nearly all regions of Oaxaca contained urban centers.® These
ancient centers of political, economic and religious power’ were comparable to most
America cities in 1859 when driller Edwin L. Drake made the Titusville discovery. Look
at what has happened over the last 133 years since that discovery, with petroleum
greasing the wheels of progress. This history is described in the 8 hour television mini-
series of Daniel Yergin’s Pulitzer Prize winning history of the oil business, “The Prize,”
(starting tonight at 8:00 on PBS (Channel 8)).

[slide 2C: Illumination]

Along with hydrocarbon exploration there literally came a new type of light into the
world. In 1854, a Canadian, Dr. Abraham Gesner applied for a United States patent for
the manufacture of “a new hydrocarbon, . . . Kerosene, . . . which may be used for
illuminating or other purposes.”8

[slide IR and 2R: Kkerosene lamp(s)]

Shortly after this, a kerosene sales agent in New York learned of a lamp with a glass
chimney produced in Vienna that burned kerosene.® Adding the right kind of lamp to
existing technology and known reserves, man suddenly gained the power to push back
the night.10 This new light provided the initial economic basis for the oil industry.
However, following Thomas Alva Edison’s discovery of the light bulb, the power source
for the “new light” switched from kerosene to electricity. The natural gas industry had to
shift its markets to heating, cooking,!! and providing light for rural areas.

[slide 3C: Heat]

Heat is really the basis of most uses of petroleum in modern society. That we use
hydrocarbons as a means of generating heat testifies of their biotic origins. Life, after all,
is very closely tied to heat. Think about how much visible life exists without sufficient
heat.

[slide 3R: Walden Pond in the winter]

Henry David Thoreau must have thought about this when he spent two Boston winters
here on Walden Pond.

[slide 4R: Replica of Thoreau’s house at Walden Pond]

He caught the essence of heat’s importance to life when he wrote “...the expression,
animal life, is nearly synonymous with the expression, animal heat.”12 Today, many of
us use natural gas heaters in our homes to provide the heat needed to “keep the fire within
- B

[slide 4C: Power]
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Other sources of power, of course, heat our homes and our food in addition to
hydrocarbons. Gravity drives the generation of hydroelectricity, wind turns some modern
turbines, uranium decomposes to nuclear waste in reactors, and the sun powers solar cells
and life itself. Consider the source of coal, oil, and gas. It goes back to the sun, which
originally provided the light for life. Is it any wonder that the Zapotec Indians at Monte
Alban worshipped the sun? As shown in the earlier dynamic display, this monument at
Monte Alban monitored the sun’s movement through the year, and provably guided the
planting of their crops. After all, agriculture anchored their civilization.

Firewood and coal initially powered the industrial revolution, a major turning point in the
development of our modern society. Industrialization changed civilization from a rural
and agriculturally based society to a basically urban and industrial one. And oil fueled
this change in our society. With this new society came air and water pollution and war.

[slide SR and 6R: Klaveness’ World War II diesel powered battleship]

The wars at Monte Alban do not compare to the wars supported by the industrialized
civilization. Under Winston Churchill’s tutelage, oil fueled the Royal Navy in World
War 1. Justification came from oil’s ease of storage, lower cost than coal, and the fact
that it could move British battleships at twenty-five knots instead of the twenty-one knot
maximum speed possible with coal power.'3 The value of oil as a source of power was
well established by V-J Day, September 2nd, 1945, when Alf Klaveness, who is with us
today, commanded this ship, the USS Brenham. His ship lead the battleship Missouri
into Tokyo Bay, on which was signed the official statement of surrender by the Japanese.
We only have to step next door to the IMAX theater to see the results of power gone
corrupt, in the IMAX movie “The Fires of Kuwait.”

[slide 5C: Transportation]

When we think about the next major use of petroleum, we can easily question who really
surrendered in Tokyo Bay. It is hard to keep the facts in focus over even a fairly short
historical time.

[slide 8R: Intersection at I-10 and West Belt]

Henry Ford’s assembly line grew to dominate modern society. Petroleum provides the
fuel, the roads and the runways. Automobiles and airplanes allow us to move from place
to place faster, and with less obvious waste than that which horses leave to be shoveled
up off the street. However, microscopic noxious gas pollutants from millions of sources
creates serious pollution. Petroleum byproducts not only generate air and water pollution
but also a large component of the non-biodegradable material filling landfills.

[slide 6C: Plastics and Fertilizers]) [slide 9R: Farm in the desert]

Petroleum products permeate our society. Our clothes, our chairs, our tables, our
computers, our brief cases, our money, our wallpaper, our roofs, and even our food and
medicine derive from oil and gas. Not only does petroleum furnish the illumination, heat,
power, transportation, and containers that make urban living possible, it also provides the
fertilizer that grows our food. This is shown by the green around this farm in the desert.
Unquestionably hydrocarbons have been critical to making our society different from
those of ancient Meso-America.
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[dissolve out the panorama slides of Monte Alban and slide in the center and on the right]
Everyone in this audience knows the importance of hydrocarbons. So why have I

stressed the use and importance of hydrocarbons at the start of our mindwalk? Because

we need to get this message of the fundamental necessity of oil and gas to the rest of the

world, so everyone better understands the importance of finding new reserves and of
optimizing the use of the reserves that have been discovered to date.

[bring up DigiStar display of 1st step of the Activity Model: Manage Data]

We have a lot of data about how important hydrocarbons are, where they might be, how
to find them, how to get them out of the ground, how to transport them to where we can
use them, and how to make the best use of available and known oil and gas reserves.
However, we do not manage this data very well. Data is too often unavailable to those
who need it to make decisions. Hydrocarbons, like any other natural resource, are only
important to society if they are available and if they are used with prudence. In order to
manage the resource, we must manage the data that describes the resource. The GBRN
research demonstrates new ways to manage data, particularly data related to fluid-flow
problems of dynamic oil and gas migration into reservoirs.

[slide 2L: Who are the GBRN?]

The GBRN is a new type of industry-sponsored academic research consortium. The
applied research ties directly to industry needs. To date, this project has created several
new concepts that are greatly improving industry knowledge of the hydrodynamics
associated with hydrocarbon migration. The volume visualization you will see today, and
the work relating multiple 3-D seismic surveys over the same area, is state-of-the-art
research.

[slide 10R: GBRN Goals]

I summarize the GBRN goals as: (1) identify locations of present-day hydrocarbon
migration, (2) determine what geologic conditions produce hydrocarbon migration by
transient expulsion of hydrocarbon-charged fluids from geopressured strata, and (3)
determine how to produce these new hydrocarbon streams.

[slide 7C: A Research Network]

GBRN research covers larger study areas than a typical oil company prospect. It includes
integration of more disciplines than are typically represented in an exploration team. The
initial study area is the Gulf of Mexico, and specifically the field centered at Eugene
Island 330, the largest Plio-Pliestocene oil field in the world. Although focused on the
work in the Gulf of Mexico, we want to think of ways to apply these new hydrodynamic
concepts in other basins around the world. And the GBRN researchers are spread all
across the country, with ties to research organizations around the globe.

[slide 11R: Map of GBRN network]

This map shows the diversity of locations, institutions and disciplines involved in the GBRN.
Most of this network was in place and operating prior to the DOE grant.

[slide 12R: University affiliates]

The grant has accelerated getting the computer equipment needed to build the network
T e T e e A e P e R P S e |
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infrastructure. Equipment is just being delivered to several of the universities that allows
them to connect to the Internet.

[slide 13R: Corporate Partners]

In addition to the universities, technology suppliers are helping support and develop the
tools needed to do the research and implement the network.

[slide 8C: Professional Researchers]

[slide 14R: Roger Anderson, Lamont]
[slide 15R: Larry Cathles, Cornell]]
[slide 16R: Peter Flemings, Penn State]
[slide 17R: Jeff Nunn, LSU]

[slide 18R: Jean Whelan, WHOI]

[slide 19R: Jim Wood, MTU]

The GBRN can potentially achieve a type of augmented intelligence, by constructing a
brain with the exact components needed for any given situation. With a team of
dedicated professional researchers, the GBRN management team can fashion a nearly
perfect brain to handle any kind of technical problem that comes up in their work. John
Masters, former President of Canadian Hunter, described how this type of a composite
brain can beat almost any single individual put up against it. Astonishingly the
components are simply normal, smart, competent people who have become state-of-the-
art experts in one particular specialty.4

[slide 9C: Large Scale Discipline Integration]

The GBRN composite brain has many lobes. There are lobes covering each of the
following sciences:

* geophysics;

» geology;

» sedimentology;

» finite difference modeling;

» finite element modeling;

* physical chemistry;

» organic chemistry;

* hydrology;

» and various branches of engineering.
As with the two lobes in each of our heads, proper functioning of the brain requires
proper connections between the GBRN lobes.

[slide 20R: GBRN activity model and subsets]

Activity models describe the connections between the lobes. We can look at each lobe as
requiring input and producing some output. The input will come from another lobe, the
output goes to some other lobe.

The GBRN researchers work within a larger environment of identifying locations of
present-day hydrocarbon migration. They have divided their work into interrelated tasks.
The activity model describes the relationship between these tasks which, in turn, are each
described by their own activity model. We build activity models at finer and finer levels
until the grains of activity can be performed by an individual lobe of the GBRN
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