
The Oil Game


____________________________________________________________________________

Introduction

Automobile driving is so ubiquitous in the U.S.A. that most people rarely think about the effort involved in producing the gasoline that we so casually buy at the self-service pump.  Gasoline is produced by complex reactions carried out at a refinery.  The crude oil that is processed at a refinery comes from a tanker which has hauled it across the sea from a distant port or from an expensive pipeline that has carried it across country for thousands of kilometers.  At the oil field, it was pumped out of layers of bedrock that lie perhaps thousands of meters below the ground surface.  Construction of the oil-field pump is only the final stage of a process that probably took ten years of effort and millions of dollars of investment.  Before pumping began, the oil field had to be discovered by geologists, the method of pumping had to be developed by petroleum engineers, and the economic viability of the field had to be calculated by economists.  Finally, lest we forget, the natural development of oil and the migration of oil into an underground reservoir probably took millions of years.  Oil is the end product of burial and alteration of trillions of organisms that once floated in a long-gone sea.

Oil is a scarce resource -- there is probably less than 50 years supply left, so we are the unique generation that lives in the "age of oil."  It is getting to be increasingly difficult to find oil, and even when the oil is found, it is difficult to decide whether or not it is economical to pump the oil.  In this activity we want to give you a taste of the kind of thinking that goes into oil exploration, and ultimately into deciding whether an oil field should be developed.

Concepts of Oil Exploration

When layers of sedimentary rocks are originally deposited, they occur in sub-horizontal layers (the law of original horizontality), and that older layers lie below younger layers (the law of superposition).  If at some later time, the layers of strata are subjected to mountain-building forces, they may be tilted, or wrinkled into folds, or broken by faults on which there is slip.  These deviations from original horizontality are called geologic structures, and the process by which structures form is called deformation.  When deformation occurs, organic material in sedimentary rocks that has been "cooked" and converted to oil, starts to rise, just like the oil in salad dressing, since it is lighter than the water that is already in the rock.  Therefore, the oil leaves the source rock and migrates upward, towards the ground surface.  If there are no obstacles in the way, the oil will rise all the way to the surface and seep out.  It can then be washed away by rain or evaporate.  In either case, it was long gone before people could exploit it.  But!  If an impermeable rock (i.e., a rock through which fluids cannot move easily) gets in the way, the oil may be trapped underground and will be remain until geologists can drill for it.  A configuration in which an impermeable layer traps oil in a reservoir is simply called an oil trap.  To find an oil field, geologists must use a variety of surface and subsurface data to locate traps and reservoirs. These include geologic maps, information from other oil wells drilled in the area, and seismic data.  Seismic data is a record of sound vibrations bouncing off layers of rock in the subsurface.  This record can provide an X-ray image of the subsurface, which can be thought of as a cross section.

In summary, in order for an oil field to exist you must have:

(1) a source rock : an organic shale containing the remains of plant material which was altered under elevated temperatures to form hydrocarbons.

(2) a reservoir rock : a porous rock that contains open spaces into which previously formed oil has migrated, or flowed.

(3) a cap rock : a layer of rock that does not allow fluids to move through it.

(4) a trap : a configuration of geologic strata that does not allow the oil to escape from the reservoir.  One type of trap is a dome, in which the rock layers are bent into the shape of an overturned bowl (your instructor will show an illustration).
Part I: Finding the oil field

You will become an oil company which will be evaluating a proposal for the possible development of an oil reservoir in the Emod Quadrangle.  At the end of this exercise, your company will submit one report, which is your recommendation on the economic viability of this prospect.  Your report will consist of the completed geologic map, two cross sections, which will be your model of the subsurface geology, and a balance sheet showing your calculations and your recommendation.  

Step 1: Accumulation of field data

1. Identify the lithologies of the three rocks provided on the table in the front of the room, which represent the lithologies of the outcrops (exposures of rocks at the surface) that have been observed in the Emod Quad.  Record these data in your ‘field notebook’.  Classify these rocks as to whether they are potential reservoirs (R), caprock/seal (C), or sources (S) in your ‘field notebook’.  Remember that the oil industry is a very competitive business, there are spies everywhere!!

2.  Measure and record the strike, dip and dip direction of the indicated ‘outcrops’  lettered A through J in your field ‘notebook’.  Your instructor will demonstrate how to do this.
Step 2: Interpreting the surface data of the Emod Quad

In order to evaluate the prospect, your company must create a geologic map of the Emod Quad, much like the Illinois geologic map we have already looked at.  Now that you know what rock units are present in the Quadrangle, you must figure out the spatial relationships of the units.  On the Emod Quad map, there are outlined areas which represent the rock outcrops.  A previous group of geologists has already identified the extent of these outcrops, labeled them on the map, and provided you with samples of them, which you just identified.  

2.  Transfer the lithology and orientation data to the Geologic map of the Emod Quad, using a color or symbol for each different lithology.  

3.  With a colored pencil, fill in the outcrops with a color representing each unit.

4.  Now you have the basis for constructing a geologic map.  Draw in contacts that you think define the zones in which a specific unit occurs.  The contacts define the boundary between two different lithologies, and the exact placement is somewhat interpretational.  You should draw the contacts where you think the boundary between 2 contacts with different lithologies would be if the Emod Quad was only bedrock, and not covered by alluvium.  You should consult the stratigraphic column at the end of this handout when you are interpreting where to place the contacts.  Color the belts associated with each individual rock type with the appropriate colors.  Try to keep the interpretation as simple as possible.  There is often no single completely correct answer in the interpretation of geological data.  Some interpretations, however, are closer to the truth than others, which is why some oil companies are more successful than others.  You should end up with 3 belts of 3 different lithologies.

5.  Using a protractor, carefully plot the strike and dip symbols for the outcrops A through G and I and J.  Your instructor will demonstrate how to do this.
Part II:  Interpreting the subsurface model

We will now use the geologic map and other data from the subsurface, or information of the geology below the earth's surface, to develop a model, or simulation, of the geology that is below the surface.  Our model will consist of the two cross sections, X-X' and Y-Y' as indicated on the geologic map.  

Before we do this, we need to examine the stratigraphic column of the Emod Quadrangle provided at the end of this handout.  Remember that a stratigraphic column is a listing of all the possible geologic formations in order, from the oldest at the bottom, to the youngest at the top, thus obeying the principle of superposition.  This could be the sequence of rocks that might be seen if an oil well is drilled to great depths.  Note that most of these formations are not visible on the surface of the earth, and have only been recognized at great depths in other oil wells, or from interpretation of seismic data.  Remember that seismic data is basically a cross section that is produced by sound waves produced by dynamite that bounces off lithologic boundaries.  

Step 1: Construction of the cross sections

Remember that a cross section is a vertical slice through the earth, showing the subsurface geology, much in the same way that you are able to see the layers of onion when you slice one in half.  The cross sections are constructed by transferring the known surface data to the subsurface, and then combining this with the additional subsurface data.

1. Fold along the bold line of  the X-X’ cross section and place it along the line of the X-X’ cross section on the geologic map and plot the location of the lithologic contacts along the top edge of the paper.  Extrapolate these contacts to the subsurface by extending them in their dip direction (i.e. northeast) at their dip magnitude (i.e., 45().

2. Remembering the principles of original horizontality and superposition, add the additional subsurface information that you obtained from your "interpretation" of the seismic data, which is given in the stratigraphic column.  Remember that most of the rocks in the subsurface below the Emod Quad are not seen at the surface.  Use the thicknesses of the rock units in the stratigraphic column to determine the thicknesses on your cross section.
3. After you have completed cross section X-X', draw the other cross section Y-Y'.  

Step 2: Interpretation of the subsurface model

Once you have drawn both cross sections, try to visualize what the subsurface geology looks like in three dimensions by combining both cross sections.  When you have done this, try to figure out where a potential oil trap is likely to be.  It is now a simple matter of figuring out which of the available wells (shown as oil derricks that are numbered 1 to 5) you would like to drill to prove your geologic model of the Emod Quadrangle.  Select a well to drill, your instructor will tell you if you discovered oil!  Remember that only 30% of the exploration wells that are drilled are successful.
Part III: Economics

If you have chosen an exploration well that has discovered oil, you now want to determine if it is economical to proceed to develop the prospect.  In other words, will you make money by drilling the required additional "production" wells?  These production wells are used to extract as much oil as possible from the ground, typical oil industry average of primary production is 30%.  You will want to use the Balance Sheet to help guide you through these calculations.  

Step 1: Income calculation

In order to determine the total amount of income that will be generated from the oil field, the amount of oil that can be recovered at the surface must be calculated.  The volume of oil in the ground must first be determined, by multiplying the (thickness of the reservoir (you have been given this)) X (the area of the oil reservoir) X (a recovery factor (RF)).  

1.  To determine the area of the oil reservoir, assume that it is the same area that you have mapped lithology 3 on your geologic map.  Count the number of squares covered by lithology 3 (+/- 1/2 square), and that will provide an estimate of the area of the oil reservoir in km2.  For example, if the area covered by outcrop 3 is 4.5 squares, the area of the reservoir in the subsurface is 4.5 km2.

2.  Determine the volume of the reservoir by multiplying the area determined above in step 1 by the thickness of the reservoir (you will need to convert m to km, there are 1000m in 1 km).  

3.  Calculate the recoverable amount of oil at the surface by multiplying the volume of the reservoir by a recovery factor.  A typical recovery factor that is used by a real oil company is 400,000 barrels of oil per km3.  

4.  The income generated is then calculated by multiplying the amount of recoverable oil (in barrels) times the current price ($) per barrel.  Look in the paper for the current price of oil, or ask your instructor.

Step 2: Cost calculations:

a) Exploration costs: The exploration well(s) that you drilled cost $2 million each. You used 10 kilometers of seismic data @ $100,000 per km. You sent a team of field geologists to the Emod Quad, at a cost of $150,000.  Your salaries, as highly qualified geologists scaled to the time that you spent working on this activity, are $2,500 per minute for 30 minutes, or $75,000 per person in your company.  

b) Production costs: For every 200,000 barrels of oil in the ground, you will need to drill one production well, which will cost $3 million each.  You will need to pay for environmental protection services and equipment, costing $2 per barrel of oil produced.  You will need to ship the oil to refineries, costing $4 per barrel.  It will take 5 years to produce all the oil in the field, so you will have to pay for leasing the land, at $100,000 per year for 5 years.  Additional pumping and maintenance costs of $50,000 per year for the five year life of the field need to be accounted for.  

Part IV: Recommendation

Compute the total expected costs for producing the field, and then compare them to the total expected income.  Would you recommend to management that the field should be developed?  Think about world affairs in the mid-east and their affect on oil prices, think about costs for development and shipping.  Submit your recommendation to the instructor on the bottom of the balance sheet.  You will also need to calculate a break even cost, which will help you to evaluate the risk of this oil play.
Stratigraphic column of the Emod Quadrangle
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