[. Tapping the Largest
Oil Fields

In this petroleum case study, students are directed to conduct an ex-
ploration program for hydrocarbons. They are required to determine
if and what types of hydrocarbons are present beneath a play. Using
a drilling program, they must draw the various fluid contacts on the
various geologic maps and cross-sections. In addition, they need to
determine which strata in the stratigraphic section are cap and res-
ervoir units. Students in groups of 3-4 represent different oil compa-
nies. Using the geologic maps and cross-sections, they must design
and conduct an exploratory oil and gas drilling program for each

prospect.

Web lab background

Lab 12: Petroleum: Saudi Arabia, OPEC & Oil
I. Tapping the World

Introduction - ‘@

Petroleum powers the modern world. It is the basis for much of our transportation
system as well as the feedstock for the petrochemical industry. It is estimated
that the world consumes a thousand barrels of oil each second! Despite this
almost unbelievable rate of consumption, the world's demand for oil grows each
year. At the same time, many oil fields are experiencing sharp drops in production.
Sustaining economic growth and standard of living requires finding additional oil to
supply growing demand as well as to replace falling production.

A major supplier of the world's oil and home to the largest proven oil reserves is
Saudi Arabia. Yet, even this oil giant must search for new sources of petroleum.
Current production in the country is exclusively from oil fields on the western
margin of the Persian Gulf. According to the Saudis, the hostile and empty
western part of the country is largely unexplored for hydrocarbons. As Saudi
Arabia's current fields age and production declines, this region will be the target of
intense oil exploration.
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This lab simulates an onshore oil exploration project in Saudi Arabia. Its goal is to
use your understanding of geology to devise a program that will locate petroleum
traps. Within this context, it will investigate:

« the use of structural contour maps to draw geologic cross-sections;
the identification of potential hydrocarbon traps using cross-sections;
how exploration drilling and well logging are used to identify which potential
traps contain hydrocarbons; and
the identification of oil-water (OWC), oil-gas {(OGC) and gas-water (GWC)
contacts using well logging.

After completing this lab, you will have a better understanding of the some of the
techniques, technologies and geologic reasoning used to find economic deposits of
petroleum and natural gas.

Student Assignment:

Arablan Ol Company Prospect Assessment Project: Exploration

Arabian 0il Company
Prospect Assessment Project: Exploration

After offering a bid of $200 million, the Arabian Oil Company has acquired leases on four
onshore prospects in Saudi Arabia with the potential for hydrocarbon production. Now the
company needs to find out if any of the leases have economic reservairs of hydrocarbons.
To this end, the company has had each laase mapped geologically and seismic survays
conductad. This effart has produced geologic maps and cross-sections for each prospect.
Your job as company petroleum geologists is to plan and execute an exploration program
for each prospect. After completing your exploration program, you will need to write a
geologic report and give an oral presentation for the Production Group so they can start
production evaluations or any potential producing field. The Board of Directors will meet
next week to hear the results of your exploration surveys.

Exploration Program Budget: $25,530,000
Using the maps and cross-sections in your geologic report, you must determine which, if
any, prospacts you want to explore. The cost of drilling and logging an exploration well
varies with the type of well and depth drilled (see table below).

+  Each well drilled before hydrocarbons are detected is considered a wildcat wrell,

+  The first four wells drilled after hydrocarbon detection are classified as exploratory

wells,

+ Al wells drilled after these are dalineation wells.
The drilling and logging company of Myers Drilling and Brewing has been selected to drill
and log the wells you choose. For sach well you want drilled, show John or Jimm whers you
want it drilled and tell them the depth for the well. Alsa tell them what log or logs you want
run on the well. They will give you the appropriate logs to the your specified depths.
{Remember the cost of your drilling program cannot exceed your budget.) Use the
information from each well lag to determine what, if any, the next step in your exploration
project for the individual prospects will be.

Geologic Report
For your geologic report to the Production Group, you must:
» Identify the type of geclogic structure found at each prospect.
* Note the locations and types of wells you drilled on the geologic map and write the
depth to which the well was drilled.
s Determine the types of hydrocarbons (gil and/or gas) in the reservoir.
» Denote cap and reserveir rocks on each cross section.
+ Mark the approximate positions of the GOC (gas:oil contact), GWC (gas:water
contact) and OWC (oil:water contact) on the appropriate geclogic maps and cross-
sections.
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Lab 12: Petroleum: Saudi Arabia, OPEC & Oil
I. Tapping the World

- Petroleum Traps - |Go

Intro | Components | Types | Structural | Stratigraphic | Salt Domes

Intro | Domes | Anticlines | Esults

Intro | Trap | Form | Symmetrical | Asymmetrical | Drape | Plunging Anticline

Anticlines are folds with an arc-like structure in which limbs dip away from center
of the fold. If the axis of the anticlines is horizontal, the map pattern produced
consists of a series of parallel stripes. In this pattern, the oldest rocks are
exposed along the axis of the fold and they become younger outwards.
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cross-section
Mzp and cross-section views of a symmetrical anticline.
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Intro | Domas | Anticlines | Faults

Intro | Components | Types | Structural | Stratigraphic | Salt Domes

handouts

Arabian Qil Co.

Lost Needles Prospect E

depth (m)

i .
2000 - >
cross-seclion

[I. Estimating an Oil Play’s

Economic Value

For the second module in the Nigeria petroleum case study, stu-
dents must perform an economic assessment of the two hydrocar-
bon reservoirs they found in the first module. Their first task is to es-
timate the volume of hydrocarbons in each reservoir and using
market prices for the type of petroleum they have, estimate its value.
Next they must design an oil production program for the each pros-
pect. This entails converting exploration wells to production wells by
casing them and installing production equipment. It also requires
them to determine if they need to drill additional production wells

and complete them. By comparing the cost of their production plan
against the value of the hydrocarbons, they can determine if the de-

posits are economically viable.
Web lab background material

Arabian

Group Names
Use this budgst shest to keep track of your expenses:

COMPANY BUDGET:

Lab 12: Petroleum: Saudi Arabia, OPEC & Oil Lab 13: Petroleum: Saudi Arabia, OPEC & Oil
I. Tapping the World - II. Estimating an Oil Play''s Economic Value
-Logging hd |E| Introduction - ‘El

Lab 13: Petroleum: Saudi Arabia, OPEC & Oil
I1. Estimating an Qil Play"'s Economic Value
- Crude Oil Chemistry - ‘@‘

Intro | Logs | Overview | Sonde | Record | Hole Condition

Finding hydrocarbons is only the first
step in developing a producing oil
field. The next step in the process is
to evaluate the economics of the
project. How much oil or gas is
present in the trap? What

Intro | Hydrocarbon Chemistry | APTI Gravity | Sulfur Content | Pour Point

The sonde is the package in which tools are lowered into the borehole to make
the different log measurements. It is a cylinder ranging from 27 feet (8 m) to as
much as 90 feet (27.5 m) in length depending upon how many tools are screwed
together to build it. Tools vary in diameter from 3 inches (8 cm) to 4 inches (10

A common means of comparing and characterizing crude oil is by it density. The
American Petroleum Institute has defined a density scale, the ®API gravity, that
has become the standard for the oil industry. The scale uses the specific gravity
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This lab will investigate the economic aspects of the hydrocarbon finds you made
last week. In particular, you will:
e estimate the volume of oil/gas present;
determine the volume that can be extracted;
calculate the volume of the recovered hydrocarbons;
develop a production plan for your prospects;
estimate the cost of the developing the field; and
make a decision as to which, if any, of your prospects merit development.

Depending upon the types of logs being run, the sonde is either pressed against
the borehole wall by a spring or arm or centered in the borehole by a series of
arms or springs. The sonde is lowered and raised in the borehole using an armored
steel cable (the wireline). In the center of the cable are the electrical wires that
carry the various signals back to a recording truck on the surface. One trip up and
down the hole is a run.

Crude oil APIs and their general characteristics.

The °API gravity scale was developed originally in the chemical industry and was
only applied to liquid hydrocarbons later. The API of a crude oil can be measured
by placing a sample of it in a hydrometer and directly reading the value from a
scale on the instrument.
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+ determine the value of the recoverable hydrocarbons for each prospect by: AT
- estimating the amounts of each hydrocarbon (gas - OGIP, oil - 00IP) stored

in the different reservoirs;

- o Well Completion Costs
= cakulating the amount of recoverable reserves (RR) given the estimated
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Repeat Formation Test (RET]
Drillstem Test [DST)

recovery rate for each reservoir;
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+ estimate the cost of developing each prospect by: = d ] $é§0"‘
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+ determine if a prospect is economically viable by comparing estimated hydrocarbon
walue against projected development costs.

Armed with the results from the test or tests you completed on the wells, you are now able
to estimate the recoverable hydrocarbons for each trap. The equations for estimating

recoverable ail (left) and gas (right) are given below, Uss your maps and cross-ssctions to
calculate the volume of each trap (see Trap Geometry pages on web site).
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+ V= volume of cil reservair in acre- + ¥V = volume of gas reservoir in acre-
feer: feer
* @ = reservoir porosity (as a decimal); + @ = reservoir porosity {as a decimal)
+ S, = oil saturation (3= a decimal): + S, = gas saturation [as decimal)
+ R = recovery factor (35 a decimal); + R = recovery factor (as decimal)
+  FVF = farmation voluma factor (a5 2 + B, = gas formation volume factor (as
decimal) dacimal)

1m' = 8.16x10*acre-feet

Now that you know the recoverable oil and gas in place, you can estimate its value by
detarmining the likely price of the oil and gas and using this to estimate the value of the

recoverable hydrocarbons.

value -| recoverable oil |+| market price | value -| recoverable gas || market price |
G e C = 1 e
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Lab 13: Petroleum: Saudi Arabia, OPEC & Oil
II. Estimating an Oil Play''s Economic Value

+ 0il Reserves b |§|

Intro | Equation | Volume | Porosity | Saturation | Recovery | Shrinkage

Hydrocarbons at depth within the Earth's crust are under high pressure and
temperature. Thus, crude oil typically has some guantity of gas dissolved in it. As
the crude is brought to the surface, pressure and temperature decrease and the
dissolved gas bubbles out of the oil. The amount of gas and oil produced at the
surface is the producing gas-oil ratio.

As gas exsolves, the crude oil volume shrinks. The amount of decrease is the
shrinkage (S) and typically varies from 1.0 (low dissolved gas) to 0.6 (high
dissolved gas). Depending upon the shrinkage factor, a barrel of oil at reservoir
conditions may not produce a barrel of cil on the surface. The number of barrels
of oil at reservoir conditions necessary to produce a barrel of oil at the Earth's
surface is the formation volume factor (FVF), /. ervoir v me/surface
volume. The standard measurement for oil is the stock barrel of oil at 80°F
(15°C) and 14.7 psi (101.325 kPa).

shrinkage
(0.6-1.0)

gas

surface 4 ail t 4 L
Té&p

formation

cross-section \

oil & volume factor
dissolved gas (1.0-1.7)

Lab 13: Petroleum: Saudi Arabia, OPEC & Oil
1I1. Estimating an Oil Play''s Economic Value
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Petroleum: Saudi Arabia, OPEC and Oil

James D. Myers, Department of Geology & Geophysics, University of Wyoming

[II. Energy Dependence:
An OPEC Perspective

To provide a different perspective on the term “energy depencey”,
students simulate a meeting of OPEC in which they are to consider
a cut in production quotas. Each group is assigned a different OPEC
nation they will represent. To start the activity, they complete a coun-
try brief worksheet, which they read to the entire class. Each group
research oil production with their country by completing a worksheet
listing crude streams produced, their API gravity, sulfur content and
pour point. With this information and the reported resevres of the
nation, student calculated the size of the cut in production they
would have to sustain in the reduction is adopted. Using this infor-
mation and the economic impact, they decided how to vote.

Web lab background

material

Lab 14: Petroleum: Saudi Arabia, OPEC & Oil
III. Energy Dependency: An OPEC Perspective
Introduction ki ‘@

Saudi Arabia produces nearly 10 million barrels of oil each day, making it the
world’s largest oil producer. Its enormous reserves and their easy of extraction
have made it 3 long-term winner in a petroleum-fueled global economy as more
hard- to-exploit sources are increasingly needed to satisfy the world's growing
demand (see chart on global oil consumption). In 2008 as the price of oil topped
US$100 per barrel and continued upward, the call for more oil production fell most
heavily on Saudi Arabia. In addition to visits by Vice President Cheney and other
U.s. officials, President Bush traveled to Saudi Arabia and met with King Abdullah
to plead for higher output twice in the first five months of 2008.
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In 2007, Saudi Arabia vas the top producer of patroleum in the world.

Australian prime Minister, Kevin Rudd, spoke of applying “the blowtorch to the
QPEC organization,” and it was not difficult to find similar or even stronger
sentiments on U.S. radio and television talk shows. Calls in the U. S. for a (new)
national energy policy are increasing, and international energy summits involving
the largest producing and consuming nations are becoming platforms for both
political posturing and concrete plans to confront the challenges.

On June 14, 2008 and with the price of oil at $134 a barrel, Saudi Arabia’s King
agreed to raise daily output by half a million barrels. This amounts to a 1%
increase in global output. What spurred the Saudi's to act? Experts attributed it
to the King's fear of difficulties in other areas of US-Middle East international
relations, as well as predictions of a global economic downturn due to high oil
prices. In time, a global recession could adversely impact Saudi Arabia by reducing
global demand for petroleum, thereby lowering the price of oil.

The Saudis speak of returning "stability to the oil market.” What does this mean?
Can the Saudis or anyone do it? An examination of Saudi petroleum production
infrastructure raises questions about their ability to respond to even the most
serious entreaties and threats. What other constraints does Saudi Arabia face in
deciding whether to increase or decrease crude oil production? As a leader of
OPEC, can Saudi Arabia prod other oil producing countries to increase their

Student Assignment:

Lab 14: Petroleum: Saudi Arabia, OPEC & 0il
III. Energy Dependency: An OPEC Perspective -
-US. il Use [=][Go

Intro | Production | Consumption | Imbalance | SOR | Carter Doctrine

Since 1972, there has a steady diverging in U.S. production and consumption
curves. The difference between these two curves must be made up by imports. In
2007, the U.S. imported nearly 14 million barrels of oil per day. The majority of
these imports came from Mexico and Canada, countries with growing domestic
demand and declining production.

source: BP Statistical Review of World Energy. 2008
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Lab 14: Petroleum: Saudi Arabia, OPEC & Oil
III. Energy Dependency: An OPEC Perspective
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Understanding Different Perspectives

"“Sue OPEC” was the headline of a June 19, 2008 New York Times opinion piece
written by Thomas Evans, advisor to Presidents Ronald Reagan and George H.W.
Bush. Evans advised trying to use legal means - rather than invading and bombing
- to get the price of oil down from the then-current $135-140 a barrel price, as if
the latter actions might become necessary.

In capitalism, including a capitalist global economy, the market (supply and
demand) determines the “value’ of a good, regardless of the ‘actual cost’ of the
good. Many Westerners believe that OPEC, and especially Saudi Arabia, is a cartel
that exercises control of the supply, making it disproportionately less than it might
be to meet demand, including dramatically growing demand in India and China.
Hence, the price is higher than what a ‘free market’ (free of actions by a cartel
organizing several major oil producing countries to withhold oil from the global
market) would provide.

In this lab, we will look at the impact OPEC has on global oil prices and how the
organization determines production quotas. It will examine the widely held belief
that OPEC is a monolithic organization in which all the members have a single
purpose and concept of how to get there. The scenario you will investigate is an
OPEC meeting called in response to falling global oil prices. Several members are
suggesting a cut in OPEC daily production to 6 million barrels per day. As always
the production cut for each nation will be assigned based on stated proven oil
reserves.

Each group will assume the role of an OPEC nation (Saudi Arabia, Iran, Venezuela,
Kuwait, Libya or Nigeria). You will prepare briefing documents on their nation and
present this to others. You will also calculate what your new assigned production
quota is and how much of a decrease it is. Based on these results you will
determine the impact this reduction will have on your nation's external revenues.
These calculations will determine whether you will argue for or against the
proposed production cuts. After each nation has presented their case, we will
vote on whether or not to implement the proposed production cut.

i
TOP

[ Lab Listing | Petroleum 111: Enerqy Dependency: Exporters

Importers ]

Instructor Packet

GEOLIEE0: Energy: A Geological Perspactive Petroleurn 1II: Underss

Proposed Production Cut

Country Name:

Data

proven ressrves: bbl date:
current daily production; bbl/d date:
crude ofl exports: bbi/d

produced crude streams:

Crude stream APT Gravity Sulfur Content | Production Vol (b/d)

Calculations

your country’s % of OPEC reserves:

[% of OPEC| country rassrves | oo
\reserves |~ | total OPEC reserves |
|<100%
- %
12-Apr-10 OPEC-mandated Production Cut Lof2

Lab 14: Petroleum: Saudi Arabia, OPEC & Oil
III. Energy Dependency: An OPEC Perspective
- It's History & Influence - ‘@

Intro | Members | Operation | Pricing | Effect | Global Imapct

The founding members of OPEC who first drafted the treaty include Iran, Iraq,
Kuwait, Saudi Arabia, and Venezuela. From 1960 to 1975 the organization grew to
include Qatar (1961), Indonesia (1962), Libya (1962), the United Arab Emirates
(1967), Algeria (1969), and Nigeria (1971). Ecuador and Gabon were once
members of OPEC, but Ecuador withdrew its membership in December 1992, and
Gabon followed with its withdrawal in January 1995. Angola is the newest member
of the organization, signing on to the agreement in December 2006.

The OPEC countries.

In 2008, Indonesia announced that it would leave OPEC. Its production had fallen
steadily in recent decades for a variety of reasons. This decline coupled with
increased domestic consumption meant Indonesia moved from being an net
exporter of petroleum to an importer.

Intro | Members | Operation | Pricing | Effect | Global Imapet
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GEOLI650: Energy: A Gelogical Perspective Petroleum 111: Understanding OPEC

Economic Impact Assessment

Country Name:

Data

Current production stream (from worksheet 2):

Name: API: sulfur content: -5
Reference Price (find on Web):
Crude stream name:

API: sulfur content: % current price: §, fbbl

Calculations

find value of your country's primary production straam

morket _ (rzfer_ence} ,,( APT ),,[ ult‘ur)
price. | price factor or,

ART . 1 ﬁFIﬁri' Aprrﬂ
factor = 4* APT

ref

API factor:

12-Ap-10 OPEC-mandated Production Cut 1of3

Note. This is an open-ended exercise, with multiple outcomes and
interpretations. The instructor must feel confident guiding the
discussion based on his/her background knowledge of the subject.

GEOL3650: Energy: A Geological Perspective ( http://www.gg.uwyo.edu/geol3650




