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ABSTRA CT
\

Thi s thesis describes the development of a digital

computer model which analyzes the investments, costs and

income for the micellar tertiary oil recovery process as

applied in the state of Kansas . The economic model will

calculate the oil price necessary to attain a specified

rate-of-return and, conversely, a present worth profile

for a given oil price. Input data for the economic model

are based on actual data from Kansas oil operators . The

output includes summaries of the present worth calculations

and oil price required to mak e specified rates-of-return.

The economic model m akes available to lhe user one of

four different methods of dep reciation. Options are

included to capitalize or expense chemicals, and to calculate

percentage depletion allowance.

The test results are representative of a Kansas oil

field. The economic model can be easily modified for

application to other methods of tertiary oil recovery or

to other states . It is expected that thi s mod 
~~~~~ 

find

application by oil operators in Kansas . •
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CHAPTE R 1

INTRODUCTI ON

The United States’ economy is built on a stabl e and

relatively cheap energy supply base (16). Fossil fuel

consumption has increased in demand, but the discovery

rates of the oil industry are on the decline (11). A

majority of oil fou nd in the United States cannot be

recovered by primary or secondary methods of production

and therefore, in the long run, more advanced tertiary

methods of recovery must be utilized (28).

In 1973 and 19714, the energy crisis brought a new

awakening concerning the availability of fossil fuels that

had been previously taken for granted. The Oil Producing

Export Countries ( OPEC ) increased the export prices of

oil to approximately $11.00 per barrel (9) and governments

throughout the world became most concerned as to the

economi c stability of their countries. Oil producing states

also saw the need for a greater conservation of their

fossil fuel reserves.

It is estimated that two—thirds of the oil found in

the United States will not be recovered by application of

primary and secondary methods of production (28). P rimary

1



recovery is defined as the oil recovered by any natural

flow or artificial lift method that may be employed to

produce through a single well bore. The fluid must enter

the well bore by the action of native reservoir energy or

gravity. Secondary recovery, on the other hand, is defined

as the oil recovered by an artificial flowi ng or pumping

method that may be empl yed to produce through the joint

use of two or more well bores. Secondary recovery is

generally recognized as being that recovery which is

obtained by injection of liquids or gases into the reservoir

for the purpose of augmenting reservoir ene rgy . Water-

floodi ng is the most widely used method. Usually, secon-

dary recovery is applied after the primary phase has pass-b

ed (20) .  .

New ways are being sought to recover the remaining

resources left after application of primary or secondary

recovery methods . These new methods are termed tertiary

oil recovery or enhanced oil recovery methods . The term

“tertiary” is used since a “thi rd crop” of oil is being

produced. It is generally felt that economic incentives

must be high for tertiary recovery to be applicable (11).

Normally, tertiary oil recovery would be applied after

primary and seconda ry recovery are no longer feasible, but

the technique could be applied earlier in the life of an

oil field.

S
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A proposal for a research program in the area of

tertiary oil recovery was made to the state government in

Kansas by the Department of Chemi cal and Petroleum Engi .

neering, University of Kansas, in 1973 (18). The proposal

was to develop a program to provide research results arid

technological information on tertiary oil recovery to the

Kansas oil industry as operators looked ahead to enhanced

oil recovery operations in the State. Independent oil

companies make up about 80 percent of the oil industry in

Kansas. The Kansas Legislature, appropriated funds for the

Tertiary Oil Recovery Project (TORP ) beginning in July,

19714.

Elements of this project ares I) to make assessments

of resources; ii) establish a laboratory and conduct

research; iii) perform computer modeling; Iv) establish

interaction with the oil field’ and engineering projects;

and v) disseminate technical information to operators

(See Appendix E).

As a part of the project, it is important to evaluate

the economies of the different processes. An oil or gas

investor must place a time value on his money. The

question is asked, “Should an investment be made in the

inicellar method of tertiary oil recovery?” It is a gener-

ally accepted idea about those processes that, because of

the large amount of Initial investment or heavy “front-end

loading” of costs, a competitive rate of—return must be - / 

.
~ 
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achieved. This must be the case for companies to invest

in such a project . Also, because of the high risks in

application of enhanced oil recovery methods, a higher

rate of return (relative to low—risk projects) is often

requi red.

Carey and Mathur (211) observed that the Dit3counted

Cash Flow ( DC? ) method of economic analysis is the mos t

widely used evaluation yardstick for profitability

cal culations . Their conclusion resulted from interviews

with major oil companies . A study by Don Frost (10)

confirmed their findings . Frost presented a paper which

evaluated the method of economi c analysis used by nine

independent oil producers of Kansas. His findings reveal-

ed that eight of those companies interviewed used a dis-

counted cash flow concept of investment analysis.

Gogarty (114) , performed a discounted cash flow analysis

for a micellar recovery project . Economic calculations

published in his paper seem to be the pioneer economi c

study for the micellar process.

Other literature surveyed and used for this research

is discussed in Chapter 2. The concepts provided in these

publications are applied to develop an economic model.

The model uses a discounted—cash—flow, rate—of—return

calculation to evaluate the potential economic feasibility

of application of the micellar process of tertiary oil

recovery In Kansas .
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The objective of thi s study is to provide an economic

model for the micellar process that can be used for actual

field operations by the independent oil operators in Kansas.

The desirability of providing an economic model for general

use by independent oil operators within the state was one

of the stimuli for this research and model development.

Chapter 2 provides a summary of the literature that

was found to be pertinent in this research. Other literature

is also discussed because it provided a background in

establishing the concepts that apply in the economic model.

Chapter 3 is divided into four sections. Section 1

presents the general concept of a rate of return analysis.

Section 2 discusses the production input data to the model.

Section 3 discusses the input of the economic data and

Section 4 provides a discussion of the economic model.

Chapter 14 provides the results of the model application

and an analysis of those results. These analyses show

effects of di fferent economic parameters such as type of

depreciation employed, capitalizing or expensing of

chemicals used in the project, oil price and application

of depletion allowance.

Chapter 5 propOses future work for continued economic

analysis of micellar-polyiner flooding . Conclusions are

drawn and recommendations for application of the economic

model are also provided in this chapter. 



6

A Fortran listing of the program is contained in

Appendix C, with the exception of subroutine M15A which

is a portion of the program library at the University of

Kansas.



CHAPTER 2

LITERATU RE REVIEW

The re are many different methods of analyzing the

profitability of proposed capital investments. The

discounted-cash-flow, rate-of-return method has been

advocated as a means of discriminating among new invest-

ments. Areas covered in the investigation of literature

for this research have been catego rized as followe s

Micellar Process

General Economics

Production and Cost Data

Computer Modeling Economics

Discounted Cash Flow, Taxes and Oil
Property Valuation

Using these categories, the “ and Gas Jou rnal ” was

researched beginning in 1960, but only genera]. background

info rmation was obtained. The “Journal of Petroleum

Technology’ and reprints published by the Society of

Petroleum Engineers of AIME provided the most inf ormation

on economics and were reviewed from 1953. A review of

pertinent economic courses offered at the University of

Kansas was made . The courses were taken to supplement the

7
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author’s background . Information circulars by the United

States Bureau of Mines provided two important works on

modeling and cost data for waterfloods. Books on general

economi cs, methods of analysis, taxes and oil property

evaluation were also researched. Periodical publications

on federal taxes were reviewed and new applicable irzior’rnation

on depletion was located . These periodicals were reviewed

from the year 1970 . Visits were made to the field for dis-

cussions with operators Conversations were held with Dr.

W. Barney Gogarty (111.), Marathon Oil Company and W. D.

Dietzman (7), U.S. Bureau of Mines in Dallas. They pro-

vided cost data and their publications and conversations

proved moat beneficial in building an economic evaluation

background. The simulation model for the micellar process

developed by Shetlar (31) provides further direction to

the literature search for actual data t hat could be applied

to his model . Pilot test results presented by Cities

Service Oil Company provided input data for the micellar

process simulation model (29) .

Micellar Process

Shetlar’s (31) thesis was used to develop an under-.

standing of the inicellar process. Various publications

which he referenced were selectively reviewed to provide a

background for the application of his model . The reader

should use Shetlar’s (31) work to expand his knowledge of
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the micellar process.

Davis and Jones (5) described the micellar slug process

in 1968. The composition of the micellar slug can vary .

Normally, it will be composed of a surfactant, hydrocarbon,

water, salt and a co-surfactant, which is usually an

alcohol. In Fig. 1, a schematic representation of the

mi cellar slug process is shown.

—P ii 5
_ _ _  

cc ar OilBank
inject ion ~ Ch~s~ ~Mobility Slug 

~—~ roduction
~~
- Water Buffer 0

Water Flow

Pig. 1 - Micellar Tertiary Oil Recovery Process

The miceliar slug is injected and then displaced outward

f r o m  the injection wells toward the production wells. The

micellar solution displaces the oil and builds up an oil

bank ahead of the slug. It is not economical to fill the

entire reservoir with the micellar solution so the slugs

are designed for an injection quantity of five to ten

percent of the pore volume for example. Following in’.

jection of the micellar slug, a mobility buffer is

inje cted ( immediate inj ection of water would result in

the water “fingering” into the micellar slug and diluting

it). The mobility buffer is usually an aqueous polymer

solution, therefore, the process is often referred to as

a micellar—polymer displacement. Economic constraints

also limit the quantity of polymer that can be injected,
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thus the mobility buffer (which may be on the order of

500 of a pore volume) is displaced by water. This water

is sometimes referred to as “chase water.”

G neral Economj~ s

The reason for this search was to establish a back-

ground in economics . Courses were taken in the application

of engineering economics. The text used was Engineeri~~
Economy by Grant and Ireson (17) which established concepts

of application of depreciation, rate-of-return calculations

and effects of before and after tax analysis. A course in

Ma~~~eria1 Economics (2) supplemented a background in the

field of economics.

DeGarm o’s (6)  book, Engineering_Economy, was used to
develop a background in risk analysis and rate-of-return

analysis.

Carter (II.) described types of formats which might be

used in rate—of—return calculations. He also discussed,

from an ethical viewpoint, the rationale for performing

an accurate study . Glenn (12) made observations as to why

investors desire to use a discounted-cash—flow method as

an economic criterion for investments. His conclusions

confirmed other authors’ writings that the time value of

money does need to be considered. 
- 

p. - . . -
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Data

Way han’s (35 ) discussion of waterflooding evaluations

had little direct application to this research, but did

provide lifting cost data. He used 5 5  cents per barrel

of fluid produced and two cents per barrel for injection

costs. This study was performed on twenty-three wells

in the Denver basin and was used as a check on the data

gathered and used in the present model.

Cities Service Oil Company (29 ) published a report on

the El Dorado , Kansai micellar-polymer demonstration

project which is being done in cooperation with the Energy

Research and Devel opment Administ ration (ERDA) . Reservoi r

data were provided in the report and these data were used

as a basis for development of an example field case which

was considered typical . of eastern Kansas. Relative perme-

ability to oil and water, weighted mean values of porosity,

initial oil saturation, viscosities and pressure drop data

were provided. Pusch (26) published data on core analysis

and log data of the El Dorado micellar—polymer project .

An average thickness for the formation was provided, plus

• averages of porosity, permeability and oil saturation

from both core and log results.

Other data necessary for running She tlar’s simulation

model (31) were slug mobility and polymer mobility as a

function of concent ration. These dat a we re obtai ned by

_____  - - - — — . --
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applying the following. The total relative mobility,

Total Relative Mobility = kr/p0 + ~~~~~~ (2.1)

= 1/Equivalent Viscosity

was calculated and plotted versus water saturation. The

minimum of the curve provided the basis for design of the

viscosities of the micellar slug and mobility buffer.

Trushenaki, Dauben and Parrish ( 3k) applied this technique

and they, in turn, had used Gogarty ’s (15) approach to

mobility control . Trushenski ( 3k) provided some observations
in which the minimum equivalent mobilities could be deter-

mined as the equivalent viscosities of the fluids in the

region of the micellar slug. The mobility of the polymer

was determined using Schurz’s (30) data on resistance

factors and polymer concentrations.

Geometric shape factors for Shetlar’s model were

obtained f rom Higgins and Leighton’s (19) work on

forecasting of waterflood performance. An inverted five

spot was used.

Cost data were obtained by pho ne calls and corre-

spondence to oil operators in Kansas . Gogarty ’s (1k)

evaluation of a Marathon surfactant/polymer flood in

Illinois provided injection cost data and a comparison

for results of calculations in the present study. Care

was taken here because some of the costs quoted by Gogarty

were company t ransfer pricing (1k) . Especially in the

pricing of’ chemicals, this is the case. In a letter from
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Witco, a price of about 26 cents per pound of surfactant

was quoted, but total price is a function of concentration

design of the micel].ar solution.

Dietzman (7), Bureau Information Circular 8561,

provide~ some very good oil field production cost data on

five different geographical areas. The Oklahoma data were

found to be the most feasible to check against the data

published by Gogarty (ill) and those obtained from operators

in Kansas. A report published by Lewin and Associates, Inc.

(22) used the cost data by Dietzman (7). By applying a cost

index, the quoted costs could be extrapolated to present

time. The cost figures obtained in this manner were in

acceptable agreement with the information from Kansas oil

operators. The Tretolite Company provided some genera].

cost information on treating the produced oil when simul-

taneous p roduction of micellar slug or polymer occu rred. -

Average cost for treating over the life of the project was

estimated at kl.5 cents per barrel of production.

Katz (21) published techniques of reserve estimation.

He also addressed the method used in determination of oil

in place . Thi s work provided some insight in the deter-

initiation of the estimated quantity of recoverable oil.

Computer Modeling Economics

A visit was made to Dallas to meet with Dietzinan (8)

and he provided information about art economic model that
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was used in connection with publication of the Bureau of

Mines Information Circular 8652. His model assumed probable

oil recovery and was found to be too genera]. for application

in the micellar process economic analysis.

Other works provided only background information.

Herbert Scheweyer’s book on Analytic Models for Managerial

and ~ngineering E~onomics was found not applicable to this

study. Also, Forrest A. Garb and H. J. Gray’s work on

A Practical Application of Digital Computers to Economic

Analysis of producing Properties provided some direction

to this research.

Discounted Cash Flow/Taxes/Oil Property Valuation

Campbell (3), Miegell (25) and Hughes (20), all pro-

vided excellent insight into performing present worth

calculations and related guidelines for oil property

evaluation. Handling of income taxes were discussed for

the federal and state levels of government. Advalorem

taxes were not included in the calculation. Attendance

at four meetings in 1975 with the review committee on

revision of’ the state manual for property valuation indicated

that the method of’ advalorein taxing was uncertain for oil

properties on which tertiary oil recovery projects were

being conducted. The manual for tax assessors states, in

essence, that tertiary oil recovery processes should be

- _  
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watched closely. Income taxes for the state are applied

using the guidelines and instructions prepared by the

• State Revenue Office (33) .

~~~~~~~~~~~~~~~~~~~~~~
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CHAPTER 3

T}~ ECONOMIC MOD~~

RATE OF RETURN ANALYSIS

As observed by Mathur (2k ) and Frost (10) , the dis-

counted-cash-flow (DCF), rate—of-return method is the

yardstick preferred by most oil compani es when investigating

a prospective investment. The chief reason for this is a

time—value—of-money consideration. However, this method

frequently overemphasizes time value, with the extent of

overemphasis increasing With larger discount factors.

Disregarding risk, use of discounted -cash-flow has the

advantage of showing the effect of time on earnings and

accurately reflects how various ways of handling the

investments will, affect the economics (3) .
In this method rate-of-return is defined as that

interest rate that will cause the sum of the present

wortha of the cash-fl ows over the life of a project to

equal zero (25).  The basic equation for the rate—of-

return calculation is.

N
Rate of Return = NETCASRF = o (3.1)

(1 + i) m
in= O

16 -
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where. NETCASHF = the cash flow after taxes for
year in

i = the rate-of-return

N the life of project

in = the year of investment or income.

In what follows, the method for determini ng a value

for net cash flow after taxes for each year is outlined.

The calculations begin with the quantity of oil produced.

This figure is labeled the gross oil. production, but this

generally does not all belong to the producer because in

most cases the producer does not own the miners], rights

and it is necessary to make a lease cont ract for the right

to drill the wells. A royalty must be paid which is the

interest of a party in minerals in the ground where another

party (the working interest) has gained the right to capture

such minerals (3) . The land owne r’s royalty is normally

12.5 percent of the gross production, thus, the working

interest or net oil production is given by.

HOP ROD = 7/8 x GOP ROD (3 .2)

where. NOP ROD = the net oil production

GOPROD = the gross oil production.

When the NOPROD is known, the gross income (GINCOME )

of the working interest can be defined as the price of oil

times the NOP ROD and is given by equation 3.3.

____________________________ .
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GINCOME = PRICE * NOPROD (3 .3)

where, GINCOME = the gross income

PRICE = the price of oil

NOPROD = the net oil production.

At this point in the cash flow analysis, the invest-

ments and cost must be defined. Investments and costs are

normally divided into five different categories with each

being subdivided into intangible costs and capitalized

cost . This can be visualized as in the following table.

TABLE 1

SUMMARY OF TAX TREATMENT

CATEGORY OF COST TAX TREATMENT

I. Site Preparation
A. Intangible drilling and Expensed

development cost,
Leasehold cost

B. Tangible cost Capitalized

II. Drilling and Completion Cost
A. Intangibles Expensed
B. Tangible Capitalized

III. Producing equipment (Tangibles) Capitalized

IV.  Gathering equipment (Tangib].es) Capitalized

V. Lease equipment (Tangibles) Capitalized

VI. General and Administrative Cost Expensed

VII. Lifting cost Expensed 

..—.— --. 
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For the purpose of thi s work , there was an addi-

tional consideration relative to the method of handling

the chemical cost. The question was whether chemical

costs should be capitalized or expensed. Apparently, no

final decision has yet been made on this question by the

Internal Revenue Service. The sensitivity of the project

economics to the method of handling these costs was

investigated. Once these costs are determined, expensed

costs in any taxabl e year can be calculated using equation

3.4’,

~ CPENCST LEASHCST + INTANG + LIF~CST + GACST + CHEMCST (3 .4 ’)

where $ EXPENCST = the expensed cost

LEASECST the leasehold cost

INTANG = the intangible costs are those costs
of operating and development that
have .no salvage value

LIFTCST = the lifting cost

GACST = the general and administ rative cost

CHEMCST = the chemical cost if expensed. If
chemicals are capitalized, this
value would be zero.

Then, by subt racting the expensed cost ( EXPENCST)

from the Gross Incom e ( GINCOME) , the gross income before

taxes, depletion, and depreciation can be determined by

the following equation.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - - -~~~~
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GIBTDD GINCOME - EXPENCST (3 .5)

where. GIBTDD = the gross income before taxes
depletion and depreciation

GINCOME = the gross income

~~PENCST = the expensed cost

At this stage in the cash flow calculation, depreci-

ation is applied using one of the Internal. Revenue Service’s

accepted methods. There are four main methods used. In

application by industry, the tendency is to use the methods

which “write off” the investment most rapidly. Straight

line depreciatiun (20) is defined by equation 3.6.

- TANGI - SAL VAGESL~ —

where. SLD = the straight line depreciation charge

TANGI = the capitalized tangible investment

SALVAGE = the salvage value

n the estimated useful life of the
tangible investment , years.

The straight line method is the oldest, simplest, and

most generally used method of computing dep reciation. If

intangible costs are capitalized, they can only be

depreciated by this method. It is permissible to apply

this metho d to either new and/or used equipment or facili-

ties (20).

L~. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ . .
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Sum—of—the—years-digits method of depreciation permits

an accelerated depreciation du ring the ear’y life of the

project (20). In general , it is only applied to single

asset accounts. The equation used for applying this method

of depreciation is.

SYOD = Diff X (NN )
(n2 + n)/2 (3 .7)

where , SY~~ = the sum of the years digits

Diff = the difference between the original
cost and the salvage value

NH = the remaining useful life in years
at beginning of taxabl e year

n = the estimated useful life of the
facilities in years .

The calculation, given by equation ~~~~~~ is done by multiply-

ing the tangible investment by the life of the investment

minus the depreciable year and then dividing by the sum of

the years up to the depreciabl e life (8 ) .

A thi rd method of depreciation is doubl e declining

balance. The doubl e declining balance method does not

consider salvage value in the calculations. This metho d

is generally felt to be more “in line” with oil production

facilities than straight line depreciation. The maximum

rate of depreciation under this method cannot exceed 200%

of the straight line rate. This depreciation, once it is

set , cannot be changed in the declining balance method

__________________________________________________________________ ~~ — . .  .
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unless the Internal Revenue Service has given its con-

sent (20) . Ph. equation used to calculate double declining

balance depreciation is.

DOB Diff x 2.00
n (3.8)

where. DDB = the doubl e declining balance
depreciation charge

Diff = the difference between the initial
investment and the cumulative
depreciation charge, i.e., the
undepreciated balance

n the depreciable life.

It is noted that the doubl e declining balance method

will not depreciate an asset to a zero value.

The last method considered is double declining balance

wit h conversion to straight line. In this method, equation

3.8 is applied and at the point where the quantity depreciated

is less than that calculated using straight—line depreciation,

the method is switched to equation 3.6 for the remaining

years . This is the most accelerated method of depreciation

and it is used to maximize the rate -of —return. Once this

switch has been performed, a change of method back to

double declining balance cannot be made (20) .

Once the depreciation charge is calculated, the net

income befo re stat e and federal income tax can be

determined (NIBPSIT). The equation used is.
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NIBFSIT GIBTDD - DEP RSHU N (3.9)

where, NIBFSIT the net income before federal
and state income taxes and
before depletion

GIBTDD the gross income before taxes,
depreciation and depletion

DEP~~HUN = the depreciation charge for the
year conside red.

The tangible investment is also determined for each year.

The total tangible investment cost ( TTICST) is equal to

the tangible investment during the year plus any chemical

costs (cH~~COST), if they are capitalized, and minus any

salvage value returned in that same year. One of the

three equations would apply.

PPICST TANGIBLE + C~~~ COST - STSALVAG (3.10)

TTICST TANGIBLE + C1~~1COST (3.11)

TTICST = TANGIBLE - STSALVAG (3.12)

where. PTICST — the total tangible invest-
ment

TANGIBLE = the tangible investment in
the year considered

CHEMCOST the chemical cost if capitalized

STSALVAG the salvage value returned
during the year considered.
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Congress modified the depletion allowance law making

percentage depletion applicable only to relatively small

producers . In addition, a new taxable income limitation

was applied in the case of small producers. To be eligible

for the 22 percent statutory depletion allowance, a company

must produce less than 2000 barrels per day . The percentage

depletion may not exceed 65 percent of net taxable income

computed without regard to the depletion allowance ( 32) .

Depletion allowance is determined as follows .

CALCULATE COST DEPLETT O 
~ I GREATER (Allowable

L J I depletion)

CALCULATE 22% OF GROSS 

I
- SMALLER (Per-

~~~~~~~~~T I N ~~~~1 
Dep1et~on)

NIBFSIT x 65%

Fig. 2. - Calculating Allowable Depletion Allowance

NIBPSIT was defined by equation 3.9. Using Figure 2

as a flow diagram, the cost depletion is determi ned fi rst

by equation (3.13) , 

. .
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CSTDEPL BASIS 
~RECUN ITS+PROD SOLD~ 

(3.13)

where . CSTDEPL = the cost depletion

BASIS the uncapitalized or non-
expensed intangible expenses
remai ning at the end of the
tax period

P RODSOLD = the units of oil sold during
the tax period

RECUNITS the recoverable units of oil
at the end of the period.

The basis is normally made up of the leasehold cost ,

but since most of the tertiary oil recove ry projects would

be applied to secondary recovery areas, leasehold cost would

be zero . This would result in cost depletion being zero (3) .

The other part of the calculations for determini ng

allowable depletion is the determination of percentage

depletion. The net depletable income is determined by

the equation.

NDEPI = .65 x NIBFSIT (3.14’)

where s NDEPI = the net depletabl e income

NIBPSIT = the net income befo re federal and
state taxes.

The thi rd equation used for calculating allowable depletion

is to determine 22% of gross income (GINCOME) . This is

the last equation necessary to complete the flow of

Fi gure 2. 

--.- .
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PERCENTG .22 x GINCOME (3.15)

where , PERCENTG = the percentage of gross
income

GINCOME the gross income.

Now the smaller value of NDEPI or PERCENTG will equal per-

centage depletion (PE~~EPL). The greater of cost depletion

(CSTDEPL ) and percentage depletion (PERDEPL ) will equal the

allowable depletion (ALDEPLA).

Stat e income taxes must be determined next . The State

of Kansas has a law that allows the tangible investments

in tertiary recovery projects to be amortized over a

twenty—four mont h period (1). This bill (House Bill 2694)

became a Kansas law in 1976. Thi s law is. applied to

determine the income for state taxes. A straight line

depreciation method is utilized applying equation 3.6 for

only a two year life period per investment category. This

value is subtracted from gross income befo re taxes, depre—

ciation, and depletion. This equation is,

TAXINC = GIBTDD - STAMORTS (3.16)

where. TAXINC = the taxable income for state
taxes

GIBTDD = the gross income before taxes,
depreciation and depletion

STAMORTS = the amortization of tangible
investments, computed using a
two—year straight line depre-
ciation.

-- -~~~~~~~~~ -~~~~ - ~~-.
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Once a taxable income is determined, then the state tax

factors can be applied. The state tax schedule, INC Form

120S for small business corporations has a normal tax

factor of 1I.~% and an additional, surtax of 2*% for all

income over $25,000 (33) . Stat e income tax is then deter-

mined by the equation.

STITAX = .045 x 25,000 + .0675 x ( TAXINC — 25,000) (3.17)

where, STITAX = state income tax

TAXINC = taxable income.

To complete the determination of net cash flow, federal.

income taxes must be determined. The federal taxable income

is calculated by using the results of equations 3.9, 3.17
and allowable depletion (20).

The equation used is,

PEDTAXIN NIBFSIT - ALDEPL - STITAX (3.18)

where. FEDTAXINC = the federal taxable
income

NIBFSIT = the net income before
taxes and depletion

ALDEPL the allowable depletion

STITAX = the state income tax.

Then federal. income tax is equal to 14.8% at the federal

taxabl e income (17) . The equation used is.



FEDINTAX = FEDTAXIN x .48 (3.19)

where, FEDINTAX — the federal income tax

?EDTAXIN - the federal taxable
income.

All equations must be applied unless depletion allowance is

not considered and then a value of zero is inserted for

depletion allowance. The results of a present worth cal cu—

lation are shown in Appendix F. All of the above equations

are applied on a yearly basis and then equation 3.1 is used

to determine a DCF-rate—of-return.

PRODUCTI ON DATA

In t rying to develop a set of data that was “typical ”

of a Kansas eastern fi eld, the approach used was to search

out published data, call directly to operators , and make

direct field visits.

Oil and flui d production data required for the calcu-

lations were derived using the model of the micellar process

developed by Shetlar (31). The model is a “fi rst pass” plug

flow simulation which was patterned after the Higgins and

Leighton waterflood model (19). The data for Shetlar’s

model were obtained from a study of the “El Dorado Micellar—

Polymer Demonstration Project,” by Cities Service Oil

Company and the United States Energy Research and Develop-

ment Administration (ERDA ) (29). The assumed injection
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project for this study was a hypothetical 650—acre portion

of the 6400 acres in the El Dorado field. An inverted 5
spot on a 5—ac re spacing was used as the development

pattern. The pattern layer and spacing used in the calcu-

lation employed 128 injection wells and 153 production

wells. Table 2 provides a summary of data input parameters.

These data for this example calculation were formulated

in the following fashion. Oil viscosity, water viscosity,

porosity, initial oil saturation and relative permeabilities

were obtained from weighted averages provided by Cities

Service Oil Company (29) and confirmed by Puach (26) from

both core and log analysis. Figure 3 shows the relative

permeabilities to oil and water used. The value for

pressure drop in the injection process was calculated

assuming a fracture gradient of approximately .61/ft of

depth could not be exceeded. Therefore, for this test

case, 400 psi was used as the pressure drop from injection

wells to production wells. Shetlar’s (31) model requires

values of water saturation and bypassed water saturation

behind the micellar front. These data were estimated

using Davis and Jones’ observations on macroscopic flow

behavior in core lab tests (5). For more precise estimates,

the fractional flow of oil and the leaky piston equations

can be applied (18). The sizes of the micellar and polymer

slugs were based on laboratory experience reported in the

literature (13).

- - - . ,,
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TABLE 2

SUbff~!ARY OF INPUT DATA FOR T~~ SIMULATI ON
MODBL OF T}IE MICBLLAR PROCESS

Oil Viscosity, op 4.77 cp
Water Viscosity, op 1.02 op

Pressure Drop, psi 400 psi
Absolute Permeability, md. 200 md

Porosity 0.262 Fraction

Initial Oil Saturation 0.28 Fraction
Bypassed Water Saturation 0.20 Fraction

Bypassed Water Saturation after
Water Invasion 0.30 Fraction

Design Micellar Slug Size 0.10 Pore Volumes

Design Polymer Slug Size 0.70 Pore Volumes

Convergence Criteria 0.00001

Number of Channels 4

Number of Cells 40

Non Linear Indicator 0
Equivalent Viscosity 7.6173 op
Bulk Volumes of each Channel

#1 6090.2325 ft~
?

#2 6746.355 ft
#3 7917.030 ft
#4’ 6471.383 ft3

Equivalent Mobility of Micellar .13128 cp~~
Equivalent Mobility of Polymer

Batch #1 .66250
Batch #2 .08333 cp~~1Batch #3 0.12500 op

Design Water Volume 0.0800 pore volumes
F ’ . Multiplicative Factors 152.00 ft.

30
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TABLE 3

RELATIVE PERMEABILITIES
WATER SATURATION

TOTAL RELATIVE MOBILITIES
ABD EQUIVALENT VISCOSITIES

Total
Kro Krw SW Relative Equivalent

Mobility Viscosities
________ _______ 

I 1/cp cp

1.00000 0.00001 25.00 0.2096530 4.769

0.85000 0.00040 27 .29 0.1885890 5.302
0.78000 0.00800 29.59 0.1713650 5.835
0.67000 0.02000 31.88 0.1600690 6.247

0.57000 0.03400 34.18 0.1528300 6.543

0.48000 0.04500 36.47 0.1447460 6.908

0.40000 0.05800 38.77 0.1407200 7.106

0.31000 0.07000 41.06 0.1336169 7.484

0.27000 0.07700 43.36 0.1320939 7.570
0.21000 0.08900 45.65 0.1312800 7.617

0.17500 0.09900 47.95 0.1337464 7.477

0.12500 0.11000 50.24 0.1340480 7.460

0.10000 0.12000 52.54 0.1386114 7.214

0.07500 0.13000 54.83 0.1431740 6.984

0.04800 0.14800 57.13 0.1551600 6.445

0.03300 0.16000 59.42 0.1637809 6.106
0.02100 0.18500 61.72 0.1857750 5.383

0.01350 0.20000 64.01 0.1989086 5.027

0.00650 0.22500 66.30 0.2219509 4.505

0.00330 0.25000 68.60 0.2457890 4.068

0.00076 0.28000 70.90 0.2746690 3.640

0.00001 0.30000 72.00 0.2941190 3.399

31
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TABLE 4

TEST CASE #1. 650 Acre Micellar—Polymer
Slug Process for the Devel-
opment of Basic Economic Input
Parameters

• FIELD DATA:

Location South Central Butler County, Kansas
Field — El Dorado
Producing
Sand — El Dorado Shallow (Admire)
Area — 650 Acres, developed on 5 acre spacing
Average
Thickness = 19 feet
Porosity — 26.2 percent
Initial
oil
Satura-
tion 28.0 percent
Pattern — Inverted 5 spot
Injection
Wells — 128
Production
Wells = 153
Depth — 650 feet

FLUID INJECTION DATA:

Micellar Solution Slug — 8 percent of pore volume
Mobility Buffer — 70 percent of pore volume
Batch size of polymer

#1 — 20 percent of 400 ppm
#2 — 20 percent of 250 ppm
#3 — 30 percent of 100 ppm

Water Injection 80 percent of pore volume

32
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Fig. 3 — Relative Permeability Fraction Versus Water
Saturation
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A four channel, 11.0 cell non—linear system was used

in the fl ow model. Shetlar used .00001 as a convergence

tolerance and the case reported here was nan using the

same criterion. Each channel volume was calculated using

equation 3 20.

Pattern Size (Acre) x 43560 ft 2/Acre x Unit Thickness
Bulk Volume = Number of pattern elements

channel #1 Bulk Volume 5 acre x 43560 ft2/acre x 1 ft(2237)

(3.20)

Channel #1 Bulk Volume = 6090.2325 ft3

The value .2237 is the fraction of the total bulk

volume occupied by channel one. The other channel volumes

are determined in a corresponding manner.

The next task was to determine the equivalent viscosity

that would provide a “safe’ mobility ratio to reduce the

possibility of fingering during the displacement process.

The total relative mobility was determining using the

equations

Total Relative Mobility 1
~ro + Krw (3.21)

where~ the mobility of oil

= the mobility of water.
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The total relative mobility can be calculated as a

function of water saturation when relative permeabilities

are availabLe. The minimum in this value is used as the

design mobility of the micellar slug and polymer buffer

so that mobilities of the micellar solution and the mobility

bank are equal to or less t han the oil—water mobility (34’).

This value is equal to the reciprocal of equivalent

viscosity. The determined values of the relative mobility

are listed in Tabl e 3. Figure 4’ is a graphical presen-

tation of total relative mobility versus water saturation.

It should be noted that equivalent viscosity is equal to

resistance factor in polymer flow. The equation used to

determine resistance factor iss

2kp/~Lp ~~ 
2)

where s RF the resistance factor

iC
~,j
’1i
~ 

the relative mobility of water

= the relative mobility of polymer.

Schurz (30) provided a graphical presentation of

resistance factor as a function of polymer concentration.

Using Figure 5 and the stipulation that t hree batches of

polymer were desired for injection, the concentrations

of polymer batches were determined. These concentrations

were estimated at 4’00 ppm, 250 ppm and 100 ppm which are 

—- ~~~~~~~~~~~~~~~~~~ .
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all above the minimum resistance factor of 7.617. At

this point, a decision was made to set the polymer batch

sizes at 20, 20 and 30 percent pore volume giving an overall

polymer slug size of 70 percent of a pore volume. Thi s

has a definite effect on the economics and efficiency of

the process.

The water injection behind the mobility buffer was

put at 80% of a pore volume . This could be controlled

du ring actual operation since it is perfo rmed as the last

phase of the project. Water injection would then be dependent

upon the production economics .

One other data input to the model was a multiplicative

factor to control oil recovery. In the model 100% oil

recovery occurs at points reached by the micellar slug and

therefore, to be realistic, the production was reduced to

efficiencies of 40, 50, and 60 percent recovery. Chapter 11

includes a discussion of the effects of different recovery

efficiencies. The model is designed to compute recovery

for one pattern. Multiple pattern results are obtai ned by

simply multiplying model results by the number of patterns.

ECONOMI C DATA

The economi c data used in the economic model were

obtained by direct phone conversations and letters to

drilling companies operating in Kansas. Published cost

___________________________ 
_ _ _  A
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data by the U .S. Bu reau of Mines (7), published inflation

factors by Lewi n Associates Inc . (22) and direct contact

with oil operators were used to’ justify cost data. Table Li.

summarizes the input field and fluid injection data. Tabl e

5 summarizes the economic data as applied to this model.

Gogarty ’s (111) presentation p rovided some unit cost data

for the handling of the micellar slug and polymer and

water. Treating costs were obtained from the Tretolite

Company in St. Louis, Missouri . The price of oil was taken

as $11.90, but the model is capable of applying variable

prices. The lifting cost was set at 3.2 cents per barrel

of total flui d produced. The genera]. and administrative

costs were calculated at $70 per well/month and applied

to the total fluid quantity produced.

It should be noted that if comparisons are made between

these cost data and Gogarty’s (14’), the main differences

are chemical costs for micellar and polymer. In Gogarty’s

paper, these are based on inter-company transfer

prici ng (2).

ECONOMI C PROGRAM

Specifics of the computer program reported in this

thesis are presented in the appendices. Appendix B lists

the variable names and defines each used in the program .

A listing of the FORTRAN program and subroutines, with

the exception of the plot routines which are a part of

- -
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TASLE 5

BASIC ECONOMI C INPUT PARAMETERS FOR THE
DEVELOPMENT OF 650 ACRES OF THE EL DORADO FIELD

CONDITIONS :

1975 — 1976 Costs and Prices
Application of Lewins (22) Inflation Factors

FIELD COSTS :

Tapgtbles Intangibles Total

Plant $585,000 $195 ,000 $780 ,000

Production & 780,000 390,000 1,170,000
Development
Cost

Drilling and 1,351,610 2,301,390 3,653,000
Comp let ion
Costs

UNIT COSTS :

Crude oil prIce — $ll.90/bbl and a variable
Micellar solution slug — $8.5O/bbl
Slug Injection Expense — 18.4~ /bb 1
Polymer = $2.00/lb

Batch @ 400 ppm — 28~ /bb 1
Batch @ 250 ppm = 17.5~ /bb1
Batch @ 100 ppm = 7~ /bb 1

Polymer Injection
Expense = 4.lc/bbl
Water Injection
Expense — 2.6~/bb1 (includes purchase price)
Lifting Costs = 3.2~ /bbl of total fluid produced
Water Disposal Expense — 2 . 6~/bbl
Treating Expense — 4l.5~/bb1 of oil produced during

production of micellar or polymer
solutions

ROYALTY AND TAX DATA :

Royalty — 12.5 percent
Income tax — Federal = 48 percent

State — 6.75 percent
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the University of Kansas program library, is given in

Appendix C. Appendix D provides an explanation of the

input variables and card fo rmats. Results of a test run
are presented in Chapter Li and output is in Appendix P.

A simplified Flow Chart is presented in Figure 6.

The program is designed to receive input data from a

production decline curie or a simulation model of the

micellar slug process. For the test case used here, the

input data of gross oil production, micellar slug quantity

injected and polymer quantity injected in the test case

we re obtained using the model designed by Shetlar (31) as

previously described.

The program has eight different switches which allow

the user to look at the effect of capitalizing or expensing

chemicals, types of depreciation, application of depletion

allowance and price variation. The pro gram allows for

tangible investments to be made in any year and also to

have depreciable lives of 5, 10, 15, 20, and 25 years.

If the chemical code ( CHEM) is 1, the micellar slug

and polymer injected are expensed in the program. For

this case, expense cost would be the sum of li ft ing coats,

chemical cost, genera]. and administrative cost, and in-

tangible cost . If (CHEM) code is 2, the micellar slug and

polymer injected would be capitalized and considered as a

tangible cost . This option on handling of chemicals is

provided because an Internal Revenue Seriice decision as 

-~~~~~~~~~ -~~~~--~~~~~~~ ~~~~~~~~-- -
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CSTART 1)
READ IN UNCHANGING DATA I

CALCULATE TOTAL FLUID PRODUCED

CALCULATE TANGIBLE COST BY YEAR 
]

READ IN CHANGING DATA END OF DATA

CALCULATE TOT:L
~~~~~~~

AL COST STOP

CHEMICAL COD YES B
EQUAL 2

NO

IF YESPRICE CODE ______________________ c
EQUAL 1

NO
D

FIGURE 6. Simplified Flow Chart for the
Computer Program
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READ IN VALUES OF RATES OF RETURN

( CALCULATE PRICE AS A FUNCTION OF

[ 
RATE OF RETURN
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-G

CALCULATE LIFTING COSTS

CALCULATE EXPENSE COST

CALCULATE NET OIL PRODUCTION

CALCULATE GROSS INCOME

CALCULATE GROSS INCOME BEFORE TAXES ,
DEPRECIATION AND DEPLETION

CALCULATION OF DEPRECIATION
DEPCODE 1 SLD
DEPCODE 2 SYOD
DEPCODE 3 — DDB
DEPCODE 4 — DDBSL

[CALCULATE TOTAL TANGIBLE INVESTMENT COST1
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CALCULATE A NET INCOME BEFORE TAXES 

]

IF
DEPLETION CODE YES

EQUALS G
2

NO

CALCULATE A PERCENT DEPLETION

CALCULATE A COST DEPLETION

DETERMINE THE ALLOWABLE DEPLETION
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to the tax treatment of injected chemicals has not been

finalized. The method of handling chemicals for tax purposes

is an important question. Tangible costs are those coats

that have a salvage value. It is generally believed, at

this point in the technology development, that chemicals

injected into a reservoir have no salvage.

A second code (PRICECD ) is used to allow the program

to switch to alternate calculation procedures. Price

Code 1 will cause the program to compute a present value

profile for a set oil price. A price code of 2 will cause

the program to calculate the price at which oil must be

sold to obtain a specified rate-of-return. The derivation

of the equation used in calculating the price to reach the

desired rate-of-return is shown in Appendix A.

A thi rd switch is a depreciation code (DEP CCDE). Thi s

code causes the program to call a certain depreciation sub-.

routine. A switch value of 1 calls the straight—line

depreciation method. It provides for an equal yearly

recovery of any one tangible investment during its life

(20, 27). A depreciation code of 2 causes the program to

call a subroutine which uses the sum-of—t he-years-digits

depreciation method. This method is somewhat more accelerated

in depreciation rate than straight line depreciation. A

depreciation code of 3 calls the double-declining-balance

subroutine. This method of depreciation, in essence,

doubles the rate of depreciation for the undepreciated

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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value of the investment. It never depreciates the asset

to a zero value. Therefore, if in the last year of the

depreciable life, the salvage value is considered to be

zero, the remaining undepreciated value is written off (3) .

When the depreciation code is 11., the program calls the

doubl e declining balance method with conversion to straight

line depreciation. This subroutine perforne the calculation

by initially using doubl e declining balance. When the

doubl e declining balance is less than straight line depre-

ciation, then straight line depreciation is applied. Once

conversion is applied for that investment, double declining

balance cannot be reapplied (29). Equations for these

different methods of depreciation are 3.6, 3.7, and 3.8.

The next switches considered in the program are de-

pletion codes (DEPLCODE)I, This allows for percentage

depletion all owance to be applied or disregarded. A

switch value of 1 causes depletion allowance to be applied

and a code 2 results in the calculation being bypassed.

Cost depletion is considered in all cases to recover any

leasehold cost incurred by the developer.

The program next cal culates state income tax . It is

based on a tax factor applied to the gross income before

taxes, depletion and depreciation minus the tangible

investment amortization ove r a twenty-four month period.

The factors applied are .014.5 for taxable income less

than 25,000.00 and .0675 for taxable income over

$25,000.00 (33).



F — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-...- — - —— -— .--- . -—--— .- -----.. — .

4, 5].

Federal taxable income is then detereined and a tax

factor of 148 percent is applied. Then, net cash flow 18

the result of the algebrai c sum of gross income less

F expense cost, leasehold cost, total tangibl e cost, state

taxes and federal. taxes for any tax accounting year.

Present worth of the yearly cash flows is then calcu-

lated using interest rates of 5 to 50 percent in 5 percent

increments. The discount factor for each year is determined

by applying the single payment present wort h factor (12) .

This equation is.

DC? 1/Cl + j / 100 )
in ( 3.23)

where. DC? = Discount Factor

I = discount interest rate in percent

in = the year of tax accounting

and is a segmental part of equation 3.1. In the program

this factor is multiplied times the net cash flow for the

year. Cumulative sums of the present wort he at the end

of the project life are calculated. The project rate—of—

return is determined by assuming that the rate—of-return

lies between zero and 50 percent . Present worth values

at the different discount rates are examined to determine

if a sign change from plus to minus occurs . If no sign

change occurs , then the rate pri nted out is zero , which

simply indicates that the value is not between zero and

50%.

- .
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Subroutines Summary and Output are used to summarize

the input data and provide a present wort h profile. A

plot routine, )ll5A, is called from the University of Kansas

program library to plot present value ( dollars) versus
- - discount rates. If a price code of 2 is used, subroutines

Heading and Writeout are used to summarize the data input

and to output price as a function of rate-of—return. Also,

subrout ine M15A, University of Kansas program library, is

used to plot price (dollars) versus rate of return (percent).
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CHAPTER 14
4.

MODE APPLICATION AND RESULTS

This computer model was applied to a genera]. test case

that is considered representative of an oil field in Kansas.
— Input data and output are shown in Appendix F for the eco-

nomic model results arid Appendix C for the micellar slug

simulation. Detailed results of the economic model calcu—

lations are in Appendix H and summaries of these are shown

In Figures 9-114. A total of thirty-nine cases were run

for different combinations of the options available in the

model . Variations of the simulation model by Shetlar (31)

were held to a minimum . The absolute permeability was

varied from 14~9 md to 50 md in different runs . However,

economic calc J.ations were performed only for the case of

200 md permeability. All calculation results shown are on

an after-tax basis.

Figure 7 gives the results of application of Shetlar’s

(31) model. It should be kept in mind that the rates are

based on a constant pressure drop between injection and

production wells. One area of concern was the behavior

of the simulation model when water injection began. A

constant or lowe r rate was obtained while remaining at

constant pressure. Normally, it would be the expectation

53
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that the water injection rate would increase to maintain

a constant pressure. Thi s was not the case and, therefore,

It is felt that the simulation model has some fallacies.

An effort was not made to determine the problem in the

program as the impact on the economics of this error is

expected to be minimal.

Figure 8 shows three di f ferent production curves which

were used as the basis for the economic calculations.

Tertiary oil recoveries of 207, 258 and 310 barrels per

acre—foot, which correspond to percentage recovery effi-

ciencies of 11.0%, 50% and 60% respectively, were used to

make economi c comparisons.

Figure 9 shows the effects on the economic calculation

of using different depreciation methods. Figure 9 does

indicate that double declining balance depreciation methods

have a small advantage over sum-of-the-years digits and

straight—line depreciation methods throughout the

recovery range. However, for the conditions of the

example used here, the differences in rate of return are

negligible. In this calculation, chemicals were expensed.

If they were capitalized, then the effect of using different

depreciation methods would be more pronounced.

The economic model is designe d in such a way to allow

the user to specify different nan conditions. The results

of applyi ng some of these different conditions are shown

in Figures 10-14. Also, Appendix F prov ides a layout of
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tabular and graphi i.al output of the program.

Figure 10 shows the effects of handling chemicals as

an expensed cost or a capitalized investment at three

different oil prices . As an example, under the conditions

of expensing of chemicals, an oil price of $114.00 per barrel

and 22% statutory depletion, the recovery would have to be

at least 255 barrels per acre—foot to obtain a rate of

return of 15 percent . Applying the same conditions, with

the exception of capitalization of chemicals, the recovery

would have to be well in excess of 300 barrels per acre—

foot to obtain the same rate—of-return. Alternatively, at

a recovery of 255 barrels per acre-foot the price would

have to be approximately $19.00 per barrel . This confi rms

Gogarty ’s (114) conclusion that the economics of the micellar

tertiary oil recovery are heavily dependent on the recovery

rate and the amount of oil—in—place after water flooding.

Figure 11 shows the effects of applying 22% versus 0%

statutory depletion allowance. For the case of 15% rate—of—

return, chemicals expensed and an oil price of $114.00 per

barrel, the recovery must be 255 barrels per acre-foot.

At 0% Statutory depletion allowance, the recovery must be

at least 310 barrels per acre—foot.

Figure 12 shows the effects of depletion application

but with the chemicals capitalized. For a 15% rate—of—

return and a price of oil at $20.00 per barrel, the

recovery must be at least 2148 barrels per acre-foot,
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with 22% statutory depletion and capitalization of chemicals.

When 0% statutory depletion allowance is applied under the

same conditions of $20.00/barrel for an oil price, the

recovery must be 295 barrels per acre—foot to obtain 15

percent rate-of-return.

Expensing of chemicals is an economic factor that

should be seriously considered by the Int ernal Revenue

Service and the United States Congress for micellar

tertiary oil recovery processes . Expensing of chemicals

would be an important incentive for the investor.

Figures 13 and 114 show price as a function of rate-

of-return when chemicals are capitalized or expensed and

for 0 and 22 percent statutory depletion respectively.

These figures provide a quick view of what the price of

oil must be for a given rate—of-return. For example, if a

15 percent rate—of-return is to be realized, when chemical s

are expensed, zero % statutory depletion exists and recov-

ery is 258 BBLS/acre-foot, the price per barrel must be

$18.89. On the other hand, if chemicals were capitalized,

price would have to be at least $25.50. This is about a

25 percent increase in price .

The effect on oil price of the statutory depletion

allowance is seen in Figure 114. For a 15 percent rate—of—

return, with chemicals expensed and a recovery of 258

barrels per acre-foot, a price of $114.00 per barrel must

be realized. Thi s result agrees very well with Gogart y ’s

(114) observations. .
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The economic parameters in thi s test case were 1975

and 1976 costs with inflation factors applied as necessary

(22). It is the author’s conception that this test case

is only the beginning of an application for this economic

computerized model . All costs applied are felt to be

representative of current conditions in the oil fields of

Kansas . The calculations leave no doubt that for enhanced

recovery methods to be utilized in a major way the price

per barrel of oil must increase.

If, rather than a total field development, the project

were developed 0-n the basis of flooding a few patterns a

year, the economics would be affected only in a minor ~~Y’
This effect would be primarily in connection with initial

plant investment which is approximately 10 percent of the

total investment for a 5 spot pattern.

Chemicals are a major concern in a micellar/polymer

tertiary oil recovery project, because they make up a large

percentage of the total investment ( about 63% in the

example shown here) . Thi s is where the risks cause

apprehension about the investment in any micellar ter-

tiary oil recovery project . Again, it is felt that the

Internal Revenue Service should consi de r strongly the

allowing of chemicals to be expensed and that Congress

should consider tax incentives to replace the 22% stat-

utory depletion allowance. -
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CHAPTE R 5

CONCLUSIONS AND RECO?i~MENDATIONS

The objective of this research was to develop a digital.

computer model that woul d perform an economic analysis,

based on the discounted—cash— fl ow, rate-of— return method

for the mice].lar process of tertiary oil recovery. The

economic model does not compute oil recovery rates, but

assumes that production data will be provided from another

source such as another model or fi eld data. The program

was designed to perform a discounted-cash-flow rate—of-

return calculation and provide results in the form of

graphical and tabular output of price versus rate-of-

return, summary of cash flow analysis and present value

profile. The model is sufficiently flexible, such that

with slight modifi cation, other methods of tertiary oil

recovery could be analyzed.

The major conclusion of this research lies with the

indecision by the Internal Revenue Service to accept the

expensing of chemicals for the micellar process of tertiary

oil recovery. Capitalization of chemicals with zero percent

depletion allowance creates a totally uneconomical invest-

ment at present oil prices. A price of $25.50 per barrel

for a recovery of 258 barrels per acre—foot is necessary

66
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to realize a 15 percent rate—of-return for the example

studied. Even applying the 22% statutory depletion does

not improve the situation to an acceptabl e investment

venture. In this case, the price of oil must be $18.89

per barrel. Since this is a high risk investment, in-

vestors are often going to desire rates of return even

higher to offset possibl e failures. Expensing of chemicals,

rather than capitalization, significantly improves the

rate-of—return and therefore should be implemented.

Depletion allowance is still an incentive for an in-

vestment in enhanced recovery methods of recovery. By

application of the 22 percent depletion allowance,

discounted—cash—flow, rate—of—return was increased by 10-

15 percent for the example studied. Current tax laws

limit production to 2000 barrel s per day, therefore, it

only allows small operators to continue to use depletion

allowance and permit income-tax—free replacement in place

of ext racted production. The problem is that enhanced

methods of recovery are based on fi eld development rather

than lease development. This automatically el iminates the

small operat ors from obtaining this incentive of 22 per-

cent statutory depletion because recovery rates are a

major criteria to economi c success when using micellar

tertiary oil recovery. Another conclusion relates to

depreciation. Even though it is a minor influence, doubl e

declining balance with conversion to straight—line is the

best way to depreciate a tangible investment.
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The last conclusion is that this program provides

results that are in good agreement with published data.

It is recommended that some modifications be made in

the computer simulation model of the inicellar slug process.

The data output was not as usable as it might have been.

Only one field pattern can be modeled. Therefore, num-

erous hand calculations bad to be performed so that output

could be extrapolated to field-wide applications. The

model should show cumulative productions and injection

output by years as well as days. There is a minor error

in the summing of the cumulative values of oil production

and toward 100% production, the cumulative values decrease.

A second recommendation would be to utilize the model

‘to nan additional example calculations so that a greater

sensitivity of the economics to the different parameters

could be established.

Finally, the economic model should be “generalized”

so that other tertiary oil recovery processes could be

analyzed. A method of updating costs should also be

incorporated.
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A. 1

DERIVATION OF AN EQUATION TO DETERMINE

PRICE AS A FUNCTION OF RATE OF RETURN

By definition, the first derivative of a straight line equation

is the slope of that line. Using the equation

y — mx + b in = Slope (A.l)

where b is the intercept, when x = 0 and x is the independent varf able

and y is the dependent variable.

When a value of the independent variable is provided , the fol-

lowing relation holds (A.2) for determining the independent variable

of a straight line equation. After assuming the first value of the

dependent variable y(l) , then calculate the first corresponding inde-

pendent variable x(l). If x(l) is larger or smaller than the initial

indep.~ndent variable x(O), an adjustment is made to the f irst dependent

variable (y(l) ± 1) and a second independent variable is calculated.

The third dependent variable is calculated using this equation

= - : ~~~~ - (A.2) I ,-

Transforming this equation into application of the program variables,

the equation is as follows only for cases when KK is equal to 3 or

larger and any value of K, this equation is used.

RRPRIcE(KK) RBPRICE(KK-2) - ~~~~~~~~~ ( I X

[RBPRICE(KI(—2) — RRPRICE(KK—l))]
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Continual iteration on this equation provides a convergence to .10

within six to ten trials.

Other equations used in this program are conm~on1y accepted in the

economics field and are not derived.
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B.l

• VARIABLES USED IN THE PROGRAM

ADEPLA A variable name given to the output of the inf or—
mation as to whether allowable depletion is applied
to the program and is u8ed in the subroutine
Summary output .

ALDEPL The allowable depletion is determined as the
Greater value between PERDEPL and CSTDEPL , $.

BASIS The uncapitalized or non—expensed intangible
investments remaining at the end of the tax
accounting period . (BASIS TLESHCST — SUMADEPL) ,

CDEP The chemical depreciation if the chemicals are
capitalized , $.

CREM The chemical code
1) signifies chemicals are expensed

- 2) signifies chemicals are capitalized

CHEMCOST The total chemical cost by year and the value is
only used when chemicals are capitalized. It
is zero if chemicals are expensed, $.

CHEMCST The total chemical cost by year and the value is
only used when chemicals are expensed. It is
zero if chemicals are capitalized , $.

CHEMI A variable name given to the output of information
as to whether chemicals are capitalized or ex-
pensed and is used in the subroutine Summary
output.

CSALVAGE The chemical salvage value at the end of the project,
which is zero for present technology, $.

CSTDEPL The cost depletion and is a segment of the calcula-
tions to determine allowable depletion , $.
(CSTDEPL — BASIS * (PRODsOLD/(REctrNIrs + PRODSOLD)))

CUMPW The cumulative present worth for any particular dig—
count interest rate and becomes a final value by the
completion of the life of the project, $.

KL IF E
(CUMPW = ~ PW)
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VARIABLES USED IN THE PROGRAM

ADEPLA A variable name given to the output of the inf or—
mation as to whether allowable depletion is applied
to the program and is used in the subroutine
Summary output.

ALDEPL The allowable depletion is determined as the
Greater value between PERDEPL and CSTDEPL, $.

BASIS The uncapitalized or non—expensed intangible
investments remaining at the end of the tax
accounting period . (BASIS — TLESRCST — SUMADEPL) ,

CDEP The chemical depreciation if the chemicals are
capitalized , $.

CHEM The chemical code
1) signifies chemicals are expensed
2) signifies chemicals are capitalized

CNEMCOST The total chemical cost by year and the value is
only used when chemicals are capitalized. It
is zero if chemicals are expensed, S.

CHEMCST The total chemical cost by year and the value is
only used when chemicals are expensed. It is
zero if chemicals are capitalized , S.

CHEMI A variable name given to the output of information
as to whether chemicals are capitalized or ex-
pensed and is used in the subroutine Summary
output.

CSALVAGE The chemical salvage value at the end of the project,
which is zero for present technology, $.

CSTDEPL The cost depletion and is a segment of the calcula-
tions to determine allowable depletion, $.
(CSTDEPL — BASIS * (PRODSOLD/(RE CTJNITS + PRODSOLD)))

CUMPW The cumulative present worth for any particular dis—
count interest rate and becomes a f inal value by the
completion of the life of the project, S.

KLIF E
(CUMPW = E PW)



r 

- •  

B 2

DCF The discount factor and is used to determine the
present worth of the net cash flow. It is calculated
using a single payment present worth factor for
a particular interest rate. (DCF — 1.1(1. + INTEREST/
100) **M)

DDB The subroutine Double Declining Balance for
Calculating depreciation.

DDBSL The subroutine Double Declining Balance for calcu—
lating depreciation.

DEPCODE The depreciation code and is a switch used to
select a method of depreciation.

1) Straight Line Depreciation
2) Sum of the Years Digits
3) Double Declining Balance
4) Double Declining Balance with converstion

to Straight Line.

DEPLCODE Depletion code and is a switch used to select
whether allowable depletion should be applied.

1) Calculate an allowable depletion.
2) Disregards a depletion calculation.

Therefore, allowable depletion is zero.

DEPRSHUN The sum of the depreciations for any particular tax
accounting year during the life of the project. It
may be calculated for the different DEPCODE ’s, $.

DIF The difference between the calculated rate of
return and the read—in rate of return (DIF RRC — RBR).

DIFF The difference between the absolute values of the
cumulative present worths that have differen t
signs in any succeeding year . (DIFF = ABS (CUMPW (L)
+ ABS (CUNPW (L— l)) ) .

DIFF A variable name given to the difference in the tangible
investment (TANGI) and the deprec iated value to
date and is used in subroutines DDB and DDBSL.

DIFFER A variable name given to the difference between
percentage depletion (PEEDEPL) and cost depletion
CSTDEPL.

EORECOV The estimated oil recovery during the life of the
project and is used in calculating cost depletion,
BBLS .

S 
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B.3

EXPENCST The investments that can be expensed and it is the
sum of the lifting cost (LIFTCST) , Intangibles (INTANG),
general and administrative costs, (GACST), and
chemicals if expensed (CHEMCST), 5 (EXPENCST
LIFICST + INTANG + GACST + CHEMCST) .

FEDTAXIN The federal taxable income and is that income on
which taxes must be paid to the federal government,
$ (FEDTAXIN = NIBFSIT — ALDEPL — STITAX) .

FEDINTAX The federal income tax that is obtained by using a
tax factor of 48 percent for this program times
the federal taxable income (FEDTAXIN) , $.

FIELD A variable name given to the field from which
production is being analyzed.

GA~CST The general and administrative cost and are those
costs of management not directly related to this
project. Normally, a small percentage of the cost,
but a very important element, $.

GIBTDD The gross income before federal and state taxes,
depletion, or depreciation, $. (GIBTDD — GINCOME —
EXPENCST) .

GINCOME The gross income from the sale of the working inter-
est or net oil production (NOPROD), 5.
PRICECD = (1) CINCOME — PRICE * NOPROD
PRICECD (2) GINCOME — RRPRICE * NOPROD

GOPROD The gross oil production and is an input value
determined from a computer simulation of the field
by year, BBLS/YEAR.

GOPRODTC The gross oil production treating cost and is applied
when production of micellar or polymer solution
occurs, $/BBL.

INTANG The intangible investments, which are those invest-
ments that have no salvage value, $.

INTEREST The interest rate used to calculate discount factors
(DCF) , %.
(5, 10, 15, 20 , 25 , 30, 35, 40, 45, and 50 percent) .

KINTREST Equal to interest rate and is used to transfer data
• into the plot routine N15A without affecting interest,

7..
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KLIFE Equals project life (PLIFE), but is an integer variable,
years.

LABEL The label information data for the plot subroutine
M15A.

LEASHCST The leasehold cost and includes options and bonuses,
purchase price, lease expense, surveys, title and
other legal fees, rental (First year’s and delays)
and exploration costs (geological, geophysical and
exploration drilling), $.

LIFE The depreciable life of the tangible investments ,
- years.

L*5 The depreciable group lives of 5, 10, 15, 20, 25
years, years.

LIPTCST The lifting cost which includes power, operating
and production cost and repair, $.

LIPTF ACT The lifting factor is a cost value applied to the
total barrels of fluid produced , $/BBL.

LOC A variable name given to the location of the field
of study and is used in the subroutine Summary output.

M15A A subroutine that is used to perform plotting routines
and it is maintained in the program library of the
University of Kansas .

MICELCST The cost of the micellar solution used to inject
into the formation . It is priced at a cost per
barrel , $/BBL .

MICELIJC The micellar injection costs are costs for injecting
the micellar solution, $/BBL

MICELPROD The micellar production that is produced at the
wells, BBLS

MICELQTY The quantity of micellar solution injected into the
formation but purchased in a tax accounting year .
This purchase can be done in bulk or as the project
progresses during the micellar injection period , BBLS.

MSIJM A variable name for a counter used in the depre-
ciation subroutine SYOD.

• - - .44



N The number of years that data will be calculated,
years. (N — PLIFE + 1).

NN The remaining number of depreciable years in the
life of a group of equipment, years.

NDEPI The net depletable income and is used in calculating
percent depletion, 5. (NDEPI .65 * NIBFSIT)

NETCASHF The net cash flow dur ing a project, $.
(NETCASHP — GINCOME — EXP ENCST — LEASHCST — TTICST —
STITAX — FEDINTAX) .

NIBFSIT The net income before federal and state income tax ,

(NIBFSIT — GIBTDD - DEPRSHUN)

NIJW The number of injection wells. This is information
for the subroutine Summary.

NOPROD The net oil production, BBLS/YEAR .
(NOPROD 7/8. * GOPROD) .

NPRODW The number of production wells. This is information
for the subroutine Summary.

OUTPUT The subroutine output that is used to print out the
headings used in present worth profile st~~ary calcula—

- 
tions.

PATTERN A variable name used to designate the type of
drilling pattern that would be used , spot.

PERCENT G The percentage of gross income and is used in calculating
percent depletion, $.

- (PERCE NT G — .22 * GINCOME) .

PERDEP L The percent depletion and is calculated on the basis
of the lessor of 227. of gross income (PERCENTG) and
the net Income before federal and state income tax
times .65% (NDEPI), S.

PERDEPLL A variable name given to the difference between the
net depletable income and the 22% of gross income.

- It is used to determine the algebraic sign of the -~ I
results, $.

PLIFE The number of years that the project is considered
feasible under economic evaluations and estimates.
It is used as KLIFE for integer purposes , years.
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POLYMCST The cost of polymer per pound converted into concen—
tration for a barrel of water. Therefore, a cost per
barrel is read into the program, $/BBL.

POLYMIJC This is the cost to inject polymer solution into the
injection yells, $/BBL.

POLYMPRD The polymer production is that fluid related to
polymer that is produced from the production wells,
BBLS.

POLYMQTY The polymer quantity that is injected into the field
for mobility control, but purchased prior to injection
or as the injection is occurring, BBLS.

PRICE Price of the current sale of new oil, $.

PRICECD The price code and is used to cause a switch from
straight calculation of rate of return to determina-
tion of price as a function of rate of return.

1) Perform the calculations with a read—in
price.

2) Perform the calculations by reading a rate
of return assuming a price, checking the
match of rate of returns (calculated and

• read—in values) and adjustment of price.
This continues until a tolerance of .10 is
met or no convergence.

PRODOH The production on hand and not sold during a tax
accounting year. For this program, this value is
considered ZERO, BBLS.

PRODSAND A variable name given to the producing sand and is
used in the subroutine Summary output.

PRODSOLD The production sold during a tax accounting year
and is used in calculating cost deplet’~on, BBLS
(PRODSOLD = GOPROD - PRODOH).

PVALUE A variable name used to convert CIJMPW into a unidimen—
sional array and is used in the subroutine N15A to
plot, $. (CUMPW versus discount rate).

PW The present worth, which is the value now of a sum of
money which is payable with interest at some future
date, $. (PW = NETCASUF * DCF) .

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -
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3.7

RECUNITS The recoverable units of oil remaining at the end
of the accounting period and is used in calculating
cost depletion, BBLS (RECUNITS + EORECOV - SUMGOP ) .

S

RIPRICE The variable name given to the calculated price
as a function of rate of return and is used in
subroutine riteout, $.

ER The rate of return, sometimes referred to as dis-
counted cash flow rate, is the maximum interest rate
which could be paid on borrowed capital and still
break even. If you can invest money at amounts greater
than this percent , you would be better off to take
such an investment.

RRC A variable name given to a calculated rate of
return when price is determined as a function of rate
of return, 7..

RRPRICE A variable name used to calculate a price (RRPRICE)
versus a read—in rate of return, $.

ERR A variable name given to the read—in value of the
rate of return in the calculation of price (RRPRICE)
as a function of rate of return, 7..

SALDEPL The variable name used to sum the allowable deple-
tion, $.

SCHECST The variable name used to sum the expensed chemical
costs, $.

SCHEMCST • The variable name used to sum the capitalized chem-
ical costs, $.

SCSTDEPL The variable name used to sum the cost depletion, $.

SDEPSHUN The variable name used to sum the depreciation, $.

SEXPECST The variable name used to sum the expense costs, 5.

SFEDITAX The variable name used to sum the federal income tax,
S.

SFEDTAXI The variable name used to sum the federal taxable
income , $.

SGACST The variable name used to sum the general and adminis-
trative costs, $. 

~~~~~~~-• 
• •  
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B. 8

SGIBTDD The variable name used to sum the gross income before
taxes , depletion and depreciation, 5.

- 
,, 

SGINCOME The variable name used to sian the gross income, $.
4

SCOPROD The variable name used to sum the gross oil produc-
tion, BBLS.

SINTANG The variable name used to sum the intangible costs, 5.

SIZE The size of the field being evaluated and is used
- 

- in the subroutine Summary output, acres.

SLD The subroutine Straight Line Depreciation method
used to calculate depreciation.

SLESRCST The variable name used to sum the leasehold costs, $.

SLIFTCST The variable name used to sum the lifting costs, $.

SNCF The variable name used to sum the net cash flows for
the project life, 5.

SNDEP I The variable name used to sum the net depletable
income, 5.

SNIBPSIT The variable name used to sum the net income before
federal and state income taxes , $.

SNOPROD The variable name used to sum the net oil production,
BBL.

SPACE A variable name used to designate the spacing used
to layout the f ield , acre.

SPERCETG The variable name used to sum the percentage of gross
income, $.

SPERDEPL The variable name used to sum the percent depletion,

SSTMOTS The variable name used to sum the state amortization - -

of tangible assets, 5.

SSTITAX The variable name used to sum the state income tax,

STAMORTS The sum of the state amortization for any one tax
accounting period , $.

STANORTZ The state amortization for any tangible investment
over a 24 month period , $.



B.9

STANCIBL The variable name used to sum the tangible invest-
ments, $.

STAXINC The variable name used to sum the taxable income, $.

STDEP The variable name used to sum tangible depreciation
in a par ticular group depreciable life , $.

STITAX The state income tax is calculated as a percent
factor times the taxable income minus the amortization
of tangible equipment over a 24 month period , $.

$25 ,000 or less 4.5%
$25 ,001 or more 6.75%

(STITAX = $FACTOR * TAXINC)

STITCST The variable name used to sum the total tangible
costs , $.

STSALVAG The sum of the salvage value that is the undepre—
ciated investment after the life of the project is
reached , S.

SUM A variable name used to designate the value of the
sum of the years digits of the depreciable life, $. 

-

SUMADPL The sum of the allowable depletion up to and including
the tax accounting period. It is used in the calcula-
tion of cost depletion (CSTDEPL) , $.
(Note — for the first year, it is ZERO)

SUNDEP A variable name given to the sum of the tangible
depreciation in all of the depreciation subroutines,
SLD, SYOD, DDB , and DDBSL, $. 

-

SUNGOP The sum of the gross oil produced during the life of
the project and is used in calculating cost depletion
(CSTDEPL) , $.

SUMM A variable name given to the sum of the previous
year’s chemical depreciation (if capitalized) and is
used in subroutines DDB and DDBSL, $.

SUMMARY A subroutine used to output the parameter informa-
tion defining the particular economic program run.

SYOD The subroutine Sum of the Year’s Digits and is used
to calculate depreciation.

TANGI The tangible investments having depreciable lives
of 5, 10, 15, 20, and 25 years , $.

1
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‘TANGIBLE The sum of the tangible investments in any year no
matter what the depreciable life , 5.

KLIFE
(TANGIBLE = E (TANGI(M ,l) + TANGI (M,2)

M-l

+ TANGI (M, 3) + TANCI (M, 4) + TANGI (N, 5).

TAXINC The taxable income and is calculated by the equation, -

5.
(TAXINC — NIBFSIT — STA~ JRTS) .

TDEP The tangible depreciation and is calculated by the
following equations depending on the method of
depreciation selected, $.

(SLD : TDEP = TANGI/L*5.)
(SYOD : TDEP = TANGI*(LIFE_NN)/SWM)
(DDB : TDEP = DIFF * 2.O0/L*5.)
(DDBSL : Same as DDB but converts to

straight line when DDB is smaller
in value in an accounting period.)

TDEPR A variable name used to designate the type of depre-
ciation that is applied in the program and is used
in the output of subroutine Summary.

TLESHCST The total leasehold cost up to and including the
tax accounting period and is used in calculating
cost depletion, $.

TODM A variable name used in the output of the percentage
by pore volume of micellar solution. It is used
in the subroutine Summary output.

TODP A variable name used in the output of the percentage
by pore volume of polymer. It is used in the
subroutine Summary output .

TTICST The total tangible investment cost and is calculated
by the following equation, 5.
(TTICST TANGIBLE + CHEMCOST - STSALVAG)
Note: Salvage is only included in the last

year of the project.

WATERDC The water disposal costs are those costs for disposing
of produced water , $,BBL.

WATERIC The water ii~jection costs are those costs for injecting
water in the injection wells, $,BBL.



AD AOS2 663 KANSAS UNIV LAWRENCE DCPT Off CHEMICAL AND PETRO4.EUM UC F/S 8/9 N
DCVELOPNENT APC AflL ICA T I OI off A CO$WUTERIZED ECONOMIC MCCCL Fo—nc (In
1976 S N PI.000(

UNCLAflIPIED Pt.

A~~2 683

I
~~~~~~~~~~~~~~~~~~~~~~~~~~ flfl ~~~~~~~~~u

_ _tin
_ _  

__ _

LJ$.t w i~j



_____ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

B.]].

WATERINJ The water injection is the quantity of water injected
by year, BBLS.

WATERPRD The water production is the quantity of water pro—
duced by year, BBLS.

WRITEOUT A subroutine to output the results of price as a
function of rate of return.

YCDEP A variable name given to the sum of the chemical
depreciation if they are capitalized, $.

YEAR A variable name given to the year of investment, year.
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INPUT DATA AND CARD FORMATS

The input data and associated card formats necessary to run

this program are described in this appendix. The number of data

card sets can be limited and , therefore , control the program for

different applications. If the data card is an array, care must

be taken to input the correct number of data entries for each

variable1

CARD 1. -

p  PUP! PPU~~~~ 10r11’*CT WATU IC ISTIJOC I I(~C05LJC P5’LTP05JC ~~I1OJ1V
II JO.Z P12.2 I I~ .3 PS -~,,,._L P5,3 ],‘.i!~L,.. 5 ’ ’~ “
, , . , . , I I $ SUw~~5nPIU2I ni. n I~”~~~~~ S~~~I,,I J IU ~~~~~~~~~~~~~~~~~~ pv~~~~p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,,I.,.I 11.,I.,],,I.t.1i t i l l  I t t  I 1TT”l”T’ I ‘E” llF ’ 1 1 1 1 1  1’1”I’11~t— I l _Li i l i l i t t i t i  i i i

VARIABLE DESCRIPTION FIELD TYPE COLVHNS

N YEARS OF PROJECT 12 INTEGER 1—2

PLIPE PROJECT LIFE, YRS. F5.2 REAL 3—7

EORECOV ESTIMATED OIL RE— F12.2 REAL 8—19
COVERABLE, BBLS

LIYtFACT LIFTING FACTOR COST F6.3 REAL 20—25
FOR FLUID PRODUCED ,
$/BBL

WATERIC WATER INJECTION F6.3 REAL 26—31
COSTS , $/BBL

WATERDC WATER DISPOSAL F6.3 REAL 32—37
COSTS , $/BBL

MICELIJC MICELLAR INJECTION P6.3 REAL 38—43
COST , $/BBL

POLYMIJC POLYMER INJECTION F6.3 REAL 44—49
COSTS , $/BBL

GOPRODTC GROSS PRODUCTION F6.3 REAL 50-55
TREATING COSTS , $/BBL 

~—-~~‘S’~C ~~~
‘
~~~~r’~~~~ - -
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CARD 2. (A)*

t~~~m~ 
_______________________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMNS

YEAR(M) YEAR OF RUN, YRS . 2612 INTEGER 1—52

CARD/S 3. (A) *

rIP P I a l I P I I N H ~~~~NJuup ~~~ s~~n n~~a~~~ *nz,a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~11 1 1 1 1  l i t  I l i l t  1 1 1 1 1 1  III 1 1 1 1 1 1 1  t Tl”T”l. 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1  l I l t  I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

GOPROD(M) GROSS OIL PRODUC— 5F12.2 REAL 1—60
TION , BBLS

Coprod is production data obtained from decline curves or

from a simulation model of the micellar process. Additional data

cards are necessary if more than five years of production data are

available. M represents the year of production .

CARD/S 4. (A) *

TAP!l(3.L)

p , , p . * g t u  P~~~N P 4 W p I I ~~ $ ~~3 I f l’~~~~
’j II p II !aii i jp .CI, .p u ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I l r l I I l l I t ’ l t t l t I ( I I t ~Fr”rr’If j 1L [1”1’~’~ri]’T1’T’J]”rrI’rr’rT’rJ’r’ “ I ’ I l l f l i ! I I l r T r’rlTl’l’T”r’J’[r

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

TANGI (J ,L) TANGIBLE INVEST— 5F11.2 REAL 1—55
MENT , $

*NOTE: Only (N—I) number of data entries are necessary for
type (A) cards , but a maximum limit is 26.
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D. 3

Tangible investments are those that have a salvage value. J
represents the year of the project depreciable life with a maximum
value of 26 and L represents the depreciable group life of 5, 10,
15, 20, or 25 years and has a maximtun value of 5.

CARD/S 5. (A) *

r 
_ _  - I

VARIABLE
ARRAY 

- 
DESCRIPTION FIELD TYPE COLUMN

LEASHCST(M ) LEASEROLD COST , $ 6F10.2 REAL 1—60

I’! represents the year the costs were incurred. These are

the costs to acquire the lease .

CARD/S 6. (A) *

.1~ IUT*Ø~OI) I

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

INTANG (M) INTANGIBLE INVEST— 6F10.2 REAL 1—60
MENT , $

M represents the year of intangible investment and the maximum

value of N is 26.  INTANG includes those investments that do not

have a salvage value . 

-—- ,/5 .~~~
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CARD/S 7. (A) *

_____________________________________________ en S, 2
,, . , , ,C P N ( H P I I M P P , , p~~~~~~~~~~ Ma~~~flhj j” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ U U U~~ eU a U p , f l . J R5fl.

1 1 1 1 1 1 1 1 1 1 1 1 1 1  t i l l  t i l l  l i i i  ‘i]I,IIIJ]I.JIIliI,i[I”T’i 1 1 1 1 1 1  I t 11 [TI 1 1 1 1 1 1 1 1 1 1 1 1 1 1  [[T El

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

GACST(M ) GENERAL AND ADMIN— 6FlO.2 REAL 1—60
ISTRAT IVE COST , $

N represents the year of the expense accredited to the total

project and the maximum value of N is 26. CACST was calculated at

$70/veil/month .

CARD/S 8. (A) *

WATUIM ffi) I
~~j 4 C S P S I  ,,pqIIpUIf 5 I* ~~! SII~IS ,~~ pa~~ j a ~~~, a . ~~~~~~~uq ot sPuuIueuauas U,, PI I tnuIS 5s t Is PwI

1 1 1 1 1 1 1 1  l~1 It I t I l l  i
”f’t t i l t]  I l l I l l i l l  1 1 1 1 1 1 1 1 1 1  1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

WATERINJ (M) WATER INJECTION 6F10.2 REAL 1—60

M represents the year of the injection and has a maximum value

of 26. Water injection is that quantity of water injected after  the

polymer solution .

CARD/S 9.  (A)*

______________________ 
I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

WATERPRD(M) WATER PRODUCTION 6F10.2 REAL 1—60
FROM PRODUCTION
WELLS

~~~lI.L -- ,~ -.- .  r,- - - -r , ,’r - - - -- ,. r’ 
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M represents the year of the production and has a maximum value

of 26. Water production is that quantity of water produced and must

be disposed .

CARD/S 10. (A) *

Mtc~ .nD
“IS’,

I t . .. , ’ ’  W p s ~~~p U p *p  N~~ $a~~ l,”i~~~ ~~~~s*~~ va~~ w aM...,.q •~~~~~~•NN~~u ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L1Iti ~ I i t i t  iii ,J I h ti _rrrri_ 11!rIj ~ j u t  i ’i?rrr’r’r”i i i t  i i  I 111111 i t t  rUTh

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

MICELPRD(M) NICELLAR PRODUC— - 6F10.2 REAL 1—60
TION , BBLS

N represents the year of the production and has a maximum value of

26. The miceilar production is used to determine a portion of lifting

cost and whether treating cost must be applied .

CARD/S Li. (A) *

PPUIWJS
‘no., ________ __________________________________________________________________S~~~i s • t • ~~ t t U U N p~~ (f~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~H$U~~ 4t~~ I~ UU *S U~~ I7~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 1 1 1 1 1 1 1  i”T i l l  I t i l l  l”T” l l i l t  1 1 1 1 1 1  1 1 1 1 1 1  i ’iI”i 1 1 1 1 1 1  I1!rI_ fl_ 1_T.T l i i i  1 1 1 1 1 1 1 1 1 1  t I l l  I

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

POLYMPRD (M) POLYMER PRODUC— 6P10.2 REAL 1-60
TION , BBLS

N represents the year of the production and has a maximum value

of 26. The polymer production is used to determine a portion of

lifting cost and whether treating cost must be applied.

~~n ~~~~~~~~~~~~~~~~~~~ -  -
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CARD/s 12.

IPTUDTm2
_____________________________________________ 

ISPS.3 
___________________________________________________________________________________

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~rrrrr~i°rrt” i r

VARIABLE MAXIM~M
ARRAY DESCRIPTION FIELD TYPE COLUMN

INTEREST(M) INTEREST , Z 10F6.3 REAL 1—50

Interest is the percent of money paid for the use of borrowed

money . H represents the different interest rates 5.00 , 10.00 ,

15.00 , 20.00 , 25.00 , 30.00 , 35.00, 40.00 , 45.00 , and 50.00. A

maximum of 10 interest rates can be read in as input .

CARD/S 13. (A)*

MICft~~T(N)
tom.’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ M U . ~~~~~~ W~~~NV I 4 ~~N V M a  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

l i i i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  t t iri’i~ rrii i t 1 l t  1 1 1 1 1  11r ’Tirl 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

MICELCST(M) MICELLAR SOLU— lOF6.3 REAL 1—50
TION COST , $IBBL

NICELCST remains a standard value for any particular tax

accounting year once it is inputed as data. M is the year the cost

applies and has a maximum value of 26.

CARP/S 14. (A)*

______________________________ ,N~~~.IP •~~U~~ U U W NII~~~~~~ SUiI IIU f l N f l , n m
i t i i  t iii I III i1°l III t i l t  I t frll T’T’II TT TlTi’TTT T”li’ll t I ti°i t i t t  I III Ii l i l t  I ll  111T11

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE - COLUMN

POLYMCST(N) POLYMER COST , $/BBL 1OF6.3 REAL 1—50

- — 5-—’ — — — — -- — ---—5- — - —  — - - ~AllI4
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POLYMCST can be varied on an annual basis depending on the con-

centration. This is slightly curtailing, but does allow some flexibility.

H is the year the cost applies and has a maximum value of 26.

CARD/s 15. (A) *

I incnqno, ~
I I I4 S I I I S U i I~~~~$U~~OU* n,qawna $au~~~~a~~pa.a.*N..,, 4*~~,,.w ~~.,.. ~~~~~~~~~~~~~~~~~~~~~~~I i i  1 1 1 1 1 1 1 1 1 1  I I ~I 1 1 . 1 1 1 1 1  (l i l t  t i l l ~f l  I l l  1 1 1 1 1 1 1 1 1 1 1  I1’rT l 1 1 1 1 1 1 1  1 1 1 1 1 1 1  l i ii  1 1 1 1 1 1 1 1

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

MICELQTY (H) MICELLAR QUANTITY 5F12 .2 REAL 1—60 -

INJECTED , BBLS

MICELQTY is the total amount of miceilar solution that must be

injected by design quantity of pore volume in any one year . M

represents the year of injection and has a maximum value of 26.

This data is obtained from a simulation model of the field being

studied.

CARD/S 16. (A)*

i __________________________________________________________________________________________
~ ~~~. e . , • s u w  ~~~~~~~~~~~~~~~~~ *II~~~~~II,, O,,II ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •Rø .~~~U øU I~*fl~~~ IS~~~,,I5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i l l t I i t I i l t i I t l I t t i

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

POLYMQTYGI) POLYMER QUANTITY 5F12. 2 REAL 1—60
INJECTED , BBLS

POLYMQTY is the total amount of polymer that must be injected by

design quantity of pore volume in any one year. N represents the

year of injection and has a maximum value of 26. This data is

- - -
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obtained from a simulation model of the field being studied.

CARD 17.

H .- I
t~~~4 I a I S Iu u ~~~~

’
$,Il It ,$i,,e~~•;ij~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~u l i i u I I l t t t l t l l [ l I l t t u J ,  I I l i ! i l l t ’ T 1 ’ 1 ’ F I J I l [ J U 1 ’1’J’11” TT [j t l j r J f 1 j i j r j t j ~~j t i r

VARIABLE DESCRIPTION FIELD TYPE COLUMN

LOC LOCATION OF THE A30 CHARACTER 1—30
FIELD

LOC is the location of the field being studied.

CARD 18.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

VARIABLE DESCRIPTION FIELD TYPE COLUMN

FIELD NAME OF THE FIELD A—30 CHARACTER 1-30
STUDIED

Field is the name given to the producing area.

CARD 19.

‘-
5--

ltl i l t l l t J t I t t i I t I t t l I i l I t l i L  r1’1’1’T”TI1’1’IIlI t Il1 ’ tIli t li1 ” l ” J 1’t i l i l t I t t I l I l l j I l ~ 1

VARIABLE DESCRIPTION FIELD TYPE COLUMN

PRODSAND PRODUCING SAND A30 CHARACTER 1—30

PRODSAND is the name of the producing formation.

--_-~~~~~~~~—.- _ . _ .--- _-- _ -
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CARD 20.

I HZ! ~~~~~ I ‘°~~ Z~~ 
- I1~’ Ii?” I I - I

VARIABLE DESCRIPTION FIELD TYPE COLUMN
- 

_ SIZE SIZE OF FIELD, ACRES 110 INTEGER 1—10

TODM TYPE OF DISPLACEMENT 12 INTEGER 11—12
OF NICELLAR SOLUTION ,

TODP TYPE OF DISPLACEMENT 12 INTEGER 13—14
OP POLYMER , ¼

SPACE TYPE OF WELL SPACING , All CHARACTER 15—25
ACRE

NIJW NUMBER OP INJECTION 14 INTEGER 26—21
WELLS

“ 
3)

NPRODW NUMBER OF PRODUC- 14 INTEGER ~~~~~
TION WELLS

3q ~i’1PATTERN LAYOUT OF THE WELLS AU CHARACTER .~e—4e

CARD TYPE (B) -

These card sets must be arranged in the following order and

are only used when the price code (PRICECD) is equal to 1. Duplicate

sets of these data cards provide succeeding total runs of present

worth profiles and must follow cards identified previously 1 — 20.

A Type (B) data card set is made up of cards 21(B) , 22(B) , 23(B) ,

24(B) and 25 (B) .

~~~IIIiL A 
: “ -
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CARD 21. (B)

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . W Ø 4* S .  S NRSS W S W S S U N S S S . .S f l S  S II I,.,,5JI~~I I I 1111 1  11 1 11  i l l  ItLU I L1i1~~~~~W1~ I t  I l l  I ~t I t  1 1 1 1 1  l i t  i t  I I !  f t t i l l  I l L !  I I

VARIABLE DESCRIPTION FIELD TYPE COLUMN

DEPCODE DEPRECIATION CODE 12 INTEGER 1—2

DEPLCODE DEPLETION CODE 12 INTEGER 3—4

CHEM CHEMICAL CODE 12 INTEGER 5—6

PRICECD PRICE CODE 12 INTEGER 7— 8

PRICE PRICE OF OIL SOLD, F5.2 REAL 9—13
$ /BBL

DEPCODE can be four numbers : a 1 calls subroutine SLD to

calculate straight line depreciation , a 2 calls subroutine SYOD to

calculate sum of the year ’s digits, depreciation , a 3 calls subroutine

DDB to calculate double declining balance depreciation , and a 4 calls

subroutine DDBSL to calculate double declining balance with conversion

to straight line depreciation.

DEPLCODE can be two numbers : a 1 applies an allowable depletion

to the calculations and a 2 disregards depletion allowance.

CREM can be two numbers : a 1 applies when chemicals (micellar

and polymer) are expensed , and a 2 capitalizes the chemical investment .

PRICECD can be two numbers : a 1 applies to type (B) input cards

and a 2 is only used when Type (C) data cards are inputed.

PRICE is the price that new oil can be sold .

CARD 22. (B)

_ _ _ _  

- I
I,..,,I ~~~S N ,T I $ N S U I I S I p S !S M* ,~~ W ’ ”  5 5 5 5 5 5 5 55 5  ) N 5 S 5 a S S* S S S S u ! S S W S S S S S UU 5 R f l f l 5 W 5 S~~~55S$

u t  i t t i l t  1 1 1 1 1 1 1  t I l l  1111 ______ JILIIELLEttLLIIJII]II.1ITT’f’T IfTll lT[TI11’T UTtJiITIII IJT.LlIlIll
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VARIABLE DESCRIPTION FIELD TYPE COLUMN

CHEMI CHEMICALS ARE ER- A30 CHARACTER 1-30
PENSED OR CAP-
ITALIZED

CHEMI is used to output the name EXPENSED when CHEM is 1. on card

21(B) or CAPITALIZED when CHEM is 2 on card 21(B) . The data should

be either EXPENSED or CAPITALIZED .

CARD 23. (B)

1 1 4 $ ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 1 1 1 1 1 1 1  I I I  I 1 1 1 1 1 1 1 1 1  I 1 1 1 1 1  I i l1I 1rt Tr l lT t  t i l t  1 1 1 1 1 1 1  I I I  l i t  1 1 1 1 1 1 1 1 1  It 1111—l i

VARIABLE DESCRIPTION FIELD TYPE COLUMN

ADEPLA APPLICATION OF A30 CHARACTER 1—30
DEPLETION ALLOW-
ANCE OR NOT

ADEPLA will be either YES or NO. YES when DEPLCODE is 1 on card

21(B) and NO when DEPLCODE is 2 on card 21(B) .

CARD 24. (B)

t Z 4 $ $ 1 I l 5~~ 55 M A 5 W U A p N i l f l 5 5 5 n T’~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l i i i  t t i t t  i i  I I l i l t  1 1 1 1 1 1 1 1 1 1 1 1  t t 1FT ’Tl ’i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

VARIABLE DESCRIPTION FIELD TYPE COLUMN

TDEPR TYPE OF DEPR.E— A30 CHARACTER 1—30
CIATION

If DEP CODE on TYPE card 21(B) is 1, enter SLD for TDEPR , a 2

enter SYOD for TDEPR , a 3 enter DDB for TDEPR or a 4 enter DDBSL for

TDEPR .
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CARD 25. (B)

I t l I l t I l t I l l I l t  i t it I I I I I I I I I I I L I I I I T T ’ l I t  [il l ! Etli ’T ’i i t  u I I I t l t t  l i lt  l i It I I I li I i i i

VARiABLE DESCRIPTION FIELD TYPE COLUMN

• LABEL IS THE LABEL FOR 13A6 ,A2 CHARACTER 1-8
THE PLOT OF DIS-
COUNT FACTOR VS.
PRESENT VALUE

Input for LABEL is PRESENT VALUE (Dollars) VERSUS DISCOUNT RATE

(PERCENT) .

CARD TYPE (C)

These data cards sets must be arranged in the following order

and are only used when the price code (PRICECD) is equal to 2. Dupli-

cate sets of these data cards provide succeeding total runs of price

determination as a function of rate of return within a tolerance of

.1. This tolerance can be lowered if a greater accuracy is desired.

CARD 26. (C)

I I I I l i i i  l i l t  1 1 1 1 1  t I T’TTT’T I IITTT1T I1TT1T’T l E l  I t  1111111 ii JI l l  Ill i I 1 I l I i I 1 l I 1 t I J  I

VARIABLE DESCRIPTION FIELD TYPE COLUMN

DEPCODE DEPRECIATION CODE 12 INTEGER 1—2

DEPLCODE DEPLETION CODE 12 INTEGER 3—4

CREM CHEMICAL CODE 12 INTEGER 5—6

PRICECD PRICE CODE 12 INTEGER 7—8

PRICE PRICE OP OIL SOLD, P5.2 REAL 9—13
$/BBL

—- -- - -  — - -- —- - A
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DEPCODE can be four numbers: a 1 calls subroutine SLD to cal-

culate straight line depreciation, a 2 calls subroutine SYOD to calcu-

late sum of the year ’s digits depreciation , a 3 calls subroutine DDB

to calculate double declining balance depreciation, and a 4 calls

subroutine DDBSL to calculate double declining balance with conver-

sion to straight line depreciation.

DEPLCODE can be two numbers: a 1 applies an allowable deplet ion

to the calculations and a 2 disregards depletion allowance.

CHEM can be two numbers: a 1 applies when chemicals (micellar

and polymer) are expensed and a 2 capitalizes the chemical investment.

PRICECD can be two numbers: a 1 applies to type (B) input cards

and a 2 is only used when Type (C) data cards are used. Enter any

dummy value in the field for PRICE. It is not used with this data.

CARD 27. (C)

I s ., .  I I ~~~U~~S 5 5 N 5 4 5*5 5 5 f l 5 5 5 $ I 75~~ !555 5 5 5 5 5 5 5~~~5 U U 5 S 5 5 N V U 5 5 5 5 5 5 5 W U 5 5 U N RU 5 5 M f l 5 5 J I~~ fl~~
1 1 1 1 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1~F[TfI I 1 rET111l l i l t  1 1 1 1 1  I I I  TI 1 1 1 1 1 1 1 1  Iii 1 1 111 111T

VARIABLE DESCRIPTION FIELD TYPE COLUMN

CHEMI CHEMICALS ARE EX- A30 CHARACTER 1-30
PENSED OR CAPITAL—
IZED

CHEMI is used to output the name EXPENSED when CHEM is 1 on card

26(C) or CAPITALIZED when CHEM is 2 on card 26(C) . The data should

be either EXPENSED or CAPITALIZED .

- 

j
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CARD 28. (C)

I F 
_ _ _ _ _ _ _ _ _S s , .. .  ~~I I 5 I I 5 u N 5 5 I 1 5* *I I 5 f l s s . $ n sa ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

E.j . J l l l i i i t I I I I l i t I l i l I I l l l l I I  T I I t I I I I t l l I l I I l ’ l T I l l l I l i I t i t i I i l t l I l l t I l I t i i l

VARIABLE DESCRIPTION FIELD TYPE COLUMN

ADEPLA APPLICATION OF DE— A30 CHARACTER 1—30
PLETION ALLOWANCE
OR NOT

ADEPLA will be either YES or NO. Input is YES when DEPLCODE is

1 on card 26(C) and NO when DEPLCODE is 2 on card 26(C) .

CARD 29. (C)

I , . . ,

I l l i l l I l l I  I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 111, 1 1 1 1 1 1 1 1 1  l i l t  1 1 1 1 1 1 1 1  1t i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

VARIABLE DESCRIPTION FIELD TYPE COLUMN

TDEPR TYPE OF DEPRECIATION A30 CHARACTER 1-30

If DEPCODE on type card 26 (C) is 1, enter SLD for TDEPR, a 2

enter SYOD for TDEPR , a 3 enter DDB for TDEPR or a 4 enter DDBSL for

TDEPR.

CARD 30. (C)

—(I)IS~ .2 ___________________________________________________________________________________________________
I l • S •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ U N S S S S W S S SU U S S S V s s s s S u s s , stns

l i i i  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  i i t i l ’r i ’ i i II i t i i r t i i  1 1 1 1  tll111 1 1 1 1 1 1 1 1 1  i i i  1 1 1 1 1 1 1

VARIABLE MAXIMUM
ARRAY DESCRIPTION FIELD TYPE COLUMN

RRR(K) READ IN VALUE OF 10F5.2 REAL 1—50
RATE OF RETURN

RRR values can be any number between 0.00 and 50.00 and F~ has a

maximum value of 10.

— ------- -~~~~~~—-5 --5 -- . - ~~~~5--.’- - - -  -
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CARD 31. (C)

~~,4 • $  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ M

I l i l I l l l l l l I I l l i t I I t  I t l i t  l t t t I i J l l I i I I I I I 1 i l l i l l I i l I l l t  l i l t  t 1 1 [ l I I l F I i t l l i  i i t t  t!i

VARiABLE MAXIMUM
ARRAY - DESCRIPTION FIELD TYPE COLUMN

LABEL IS THE LABEL FOR l3A6 ,A2 CHARACTER 1—8
THE PLOT OF PRICE

• (DOLLAR) VERSUS
RATE OF RETURN
(PERCENT)

Input data for LABEL is PRICE (DOLLARS) VERSUS RATE OF RETURN

(PERCENT). The read statement is in subroutine WRITEOUT .

It should be understood that data sets type (B) or (C) can be

put in any combination sequential order , but at least one type

set must be in the data input.

_ _ _  - -
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E. 1

TERTIARY OIL RECOVERY PROJECT

October 21, 1974
Outline of Project Work

I. Assessment of Resource Neal Plocek
Jim Aber

1. Initial Screening of Fields Bill Hulse
(January 1, 1975)

a. Bibliography of available information on Kansas
Oil Fields (November 15, 1974)

b. Summarize data of D. Beene and other available
information.
Classify fields by formation type.

2. Verification of data

a. M. Oros file

b. Data from industry

3. Estimated Recoveries by Primary and Secondary
Production — to calculate tertiary oil possibilities.
(First Report by June 30 , 1975)

4. “First pass” estimates of recoveries by Tertiary Oil
Recovery Techniques
(First Report by June 30, 1975)

5. Selection of representative reservoirs for more detailed
analyses

a. Detailed reservoir estimates of recovery

b. Economic calculations

c. Perhaps recovery as f (oil price)

II. T.O.R. Laboratory Bill Kritikos
Jose Dominguez

1. Establishment of laboratory for physical David Zornes
property measurement (June 30, 1975) Milfred Mast

a. Permeability

b. Porosity 

- ‘. 5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ . - - - - -5 - _ ‘
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c. Capillary Pressure

d. Relative Permeability

e. Oil Viscosity

f. Oil Density

g. Surface Tension

h. Interfacial Tension
(* Decision needs to be made as to equipment type)

i. Water Characteristics (Geological Survey)

Composit ion of salt ,
Conductivity, and
Di—valent and tri—valent ions
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G.].

TERTIAR Y OIL RECOVERY PROJEC~TMICE LLAR P*O~ I A M

C S S C S • S

UIPUT DATA

_ ,  TES T CASE NO. I ELDOAA DO ~IELO. 650 FOOT SAND . •UTLER COUNT?. KAN SAS

OIL VISCOSITY . .. . . . . _  £.77000 CP
WATER VISCOSITY _ ... .... a S • 1.02000 CP
PIESSUIE DROP • _ • 4.00.00000 ~Si
ABSO LIUTE PERMEA SILXTY • 200.00000 No
POROSITY 0.26200
ZN IT1AL Oil. SATURATION • 0.25000
SYPASSED WA TC I SATURAT ION  0.10000

~iAT E~ SATUA A TI ON IN MIC~ LLA~
SANK A~ TII POLYMER INJECT ION . . . a 0.30000
D!51 N M ICELLA A SLU6 SIZE ~.OOOOO PUCENT PORE VOLUME
DE$ 1

~
N POI..YME~ SLUG SIZE 70.00000 D~ KCENT PORE VOLUME

CO NVEA GENCE CI!TE~ 1A 0.00001
NuMSU OF CHANNEL S  1.
WUMeE R or CELLS AD

514APE ?AC TORS . • .
CM ANNEL I CI~ANN (L 2 CHANNE L 3 CHA~4NEL A CIIA?JNEL S C)IANNEL 6

17.372 17.550 19.620 36.552 0. 0.
,.s06 1.555 1.696 2.920 0. 0.
0.886 0.900 0.950 1.SA$ 0. 0.
0.631 0.639 0.670 1.19? 0. 0.
0.493 Ø•A 95 O.S36 0.925 0. 0.

. O.3~ 7 0.39? 0.4~ O 0.76$ 0. 0.
0.325 0.331 0.363 0.643 0. 0.
0.216 0.212 0.300 0.535 0. 0.
0.?56 0.Z~ S 0.26? 0.451 0. 0.
0.231 0.220 0.ZZQ 0.37$ 0. 0. 4

0.211 0.200 0.203 0.310 0. 0.
0.1,6 O.ies 0.132 0.2S3 0. 0.
0.113 0.172 0.166 0.20S 0. 0.
0.173 0.~ 62 0.152 0.167 0. 0.
0.166 0.155 0.229 0.139 0. 0.
0.161 0.150 0.iie 0.121 0. 0.
0.158 0.147 0.111 0.108 0. 0.
0.155 0.~ 4A 0.110 0.096 0. 0.
O.1~~ 0.13~ 0.105 0.08$ 0. 0.
0.150 O.IZA 0.101 0.082 0. 0.
0.150 0.12’ 0.101 0.082 0. 0.
0.1~~ O.13e 0.103 0.0$, 0. 0.
0.153 0.IAA . 0.110 0.096 0. 0.
0.158 0.1~ 7 0.118 0.108 0. 0.
0.161 0.150 0.128 0.121 0. 0.
0.166 0.155 0.139 0.139 0. 0.
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G.2

0.173 0.162 0.152 0.167 0. 0.
0.183 0.172 0.166 0.205 0. 0.
0.196 0.185 0.182 0.253 0. 0.
0.211 0.200 0.203 0.310 0. 0.
0.231 0.220 0.229 0.378 0. 0.
0.256 0.245 0.26 2 0I~~51 0. 0.

4 0.286 0.282 0.306 0.535 0. 0.
0.325 0.331 0.363 0.643 0. 0.
0.397 0.39? 0.44 0 0.768 0. 0.
0.495 0.495 0.536 0.92! 0. 0.
0.631 0.639 0.670 1.19? 0. 0.
0.886 0.900 0.950 1.848 0. 0.
1.506 1.555 1.696 2.920 0. 0.

17.372 17.880 19.620 36.582 0. 0.

RELATIVE PERMEABILITY DATA • .

WATE R •EL. P E R M. REt.. PE RM.
SATURAT ION TO OIl. TO WATE R

0.2500 1.0000 0.0000
0.2729 0.8500 0.0004 -

0.2939 0.7800 0.0080
Q•3188 0.6700 0.0200
0.3418 0.5700 0.0340
0.3647 0.4800 0 0 450
0.387? - 0.4000 0.0580
0.4106 0.3100 0.0700
0.4336 0.2700 0.0770
0.4565 0.2100 0.0890
0.4795 0.1 750 0.09 90
0.5024 0.1250 0.1100
0.5254 0.1000 0.1200
0.5483 0.0750 0.1300
0.5713 0.0480 0.1480
0.5942 0.0330 0.1600
0.6172 0.0210 0.1 850
0.6401 0.0135 0.2000
0.6630 0.0065 0.22 50
0.6860 0.0033 0.2500
0.7090 0.0008 0.2800
0.7200 0.0000 0.3000

AT ZN IT IAI. SATURATIONS KRO • 0.00001000 K R W  U 0.30000000

ZN STA IILZZED RANK. SOM a 0.67207999 SIJ M • 0.32792001
KRO • 0.6275801 7 KRW S O~ Q2554234
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; POLYMER SECTION . .
- 
. AT SOF • 0.61699503 P0 • 0.41573154 PW • 0.05518297
— DESIGN POLYMER S~IUG VOLUME • 4993.06500244 FT*.3
: P4UMIE R OP 8ATCHES • 3

VOUJME PER 8ATCH • 1664 .35499573 FT* .3

SUMMARY AT END OF 9ATCN I

TOTAL POLYME R INJECTE D • 1664.354995?3
TOTAL POLYMER TtME • 423.23149032

. CUM CELI.S CELLS CELLS CELLS
CHANNEL POLY POLY MICEIILA R 57A8.BANK REMA INtNG

I 486.81034 12.20351 6.01419 15.13659 6.64572

2 480.18583 10.86673 5.33361 13.46042 10.33924

3 447.71500 8.63372 4.21306 10.87404 16.47913

4 249.64385 5.88956 2.85750 7.26769 23.9852 5

- - SUMMARY AT END OF BAIC)4 2

TOTAL POLYMER iNJECTED • 3328.70999146
TOTAL POLYME R T!ME • 828.42684936

CUM CELLS CELLS CELLS CELLS
CHANNEL DOLT POLY MICELLAR SIAB .BANK REMAINZNG

I 941.13211 23.59383 6.01419 10.39198 0.

2 946.74466 21.42508 5.33361 13.24131 0.

3 920. 494 95 1 7.75030 4.21306 18.03615 0.

A 520.28844 12.27456 2.85750 12.57231 12.29513

SU MMARY A T  END OF 8~~TCN 3

TOT AL POLYF4ER ZNJECTED • ‘993.04500244
TOTAL POLYME R TXME • 1194.05729675

CUM C(tILS CELLS CELLS CELL S
CMAN N EL POLl POt.IY PICELLA R STAS .8ANK REMA !N !NC

I 1405.05685 33 .22238 4.77762 0. 0.

2 1410.73297 31.92525 5.33361 2.74114 0.
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3 1354.94763 26.12877 4.21306 9.63817 0.

- - 
6 822. 32764 19.40021 2.85 750 17 .74229 0.
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G. 5

SUMMARY OF CONDITIONS AT END O MICE LLAR INJECTION

~ 
TOTAL ELAPSED TIME • 82 .34288693 DAYS

4 - TOTAL VOLUME INJECTED • 570.43600159 FT*s3

~~~.

- DESIGN M ICELLAR SLUG VOLUME * 570.63600159 FT•.3

- ~ CU M CEtL S CELL S CELLS
. 

I 

CHANNEL NICELLAR MICELLAP 5TA8.BANK REMAINING

~~ 

I 167.93851 5.26242 3.75810 30.97948

; 
I 

2 164.97948 4.66691 3.33283 32.00026

~ 
3 152.93229 3.68643 2.63262 33.68095

. 
A 44.78572 2.50031 1.78537 , 

35.71411

L -~~~_~-~~
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5.0.0.0.0.5. 0.5.5.5.5.5.5.9 009990999099

0001010.01000101099901 P.90954015.055.90
01P.00101905.4140P.49P. 5. 1.49545.019.. 5.5’
.00100.5.010901019Pd5.09045.4010101010111
010 P .015.90.0101010.00.9905.00190010
9401.101001001000101015.901909 Pd 91’. 5.0. 4
P.010101 010 0 040. 01 5145401 901 01540019 01 V’S 0 IS’ 9 01
I I S I S I I S S S 5 S  l I S t S  S t I l l S  5 5 5

01 P.990190101015.05.90001010095.1 01I.54
4001010101*5.1.5.940101010111009019.00190
9P. P.0010...9 01 01995.0019401010140144..
P44 99 90.101 P.0101 4 5.010 0101 01W’ .05.0. 0. ..s- 01
P. Pd P. P.5.01015501010155010144444999 00 10 1 1 1

P. P. P. P .549  P. Pd P.54 Pd Pd P. P . 5 . 5 4 5 4 5 4  P. P. P.5.5.5.  P.5.

990900*09990 90000990 909990
Pd P. P .545 .  P. PIP. Pd P .5 45 .  P.5. P. P .5 . 5 .5 4 5 .5 .5 5 155 4 5 .5 . 5 .
010 1 0 1 0 1 0 1 0 1 0 1 0 1 * 0 1 0 1 0 1 0 1 0 1 0 0 1 * 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
99994999999999994999999949
5 5 5 5 5 5  1 1 1 1 1  5 1 1 1 1 5 1 5  I l l S  I l l

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 100 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
5.5. 5.5. 5.5.0. 5 .0 . 05 .  5. 0. 5.5.0.  5 . 5 . 0 . 5 .5 . 0 .5 .  5.0. P.
— 01
0101010101010101010101110101010101*0111010101010101
0101010101010101010101010101010101010101010101001*

010101010101010101010101010101010101010101010100101
9 0 9 9  9 0 0  09 00 9 9 09 9 009 9 90 009 9
P. P. Pd P. P. P. P. P. P. Pd P.5. P.5.5.5.5.545. P.5.54 P.1145454
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 10 10 10 10 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
01.1 0.01 
94494499449494949449449494
I I I  1 1 1 1 1 5 5 55 5 1 1 1  I 5 5 5 5 1 I 5 5 5
9 9 9 0  099 99 0 0 0 9  0 0 0 0  0 9 0  000 99 0
0 44 9 4 9 9 9 4 4 4 9 9 9 4 9 449 9 4 4 4 9 9 4
4 4 4 44494 4 9 4 4 9 4 444 9 4 4 4 999 4 4
0101010101010101010101010101010101010101010101010101

015.90001*5.010.01095.01014010190100101010
95. P.0109015-014901 4001090190101014099
5.00101 P.0190000*0.4010010101 P.010015.0.0190 9P.01 5.90010154495.5.5.010010540104 01
I S I S  S I l l S  1 5 1 5 1 1 1  1 1 1 1 1 1  S I l l
P.010015.05 5. Pd 019901000.0.00101001.1015.4 5.
01Pd4990.9901001P.01W10195.90 01 P.0101019
001010101010101019444444490101010101010101
P.54 Pd P.54 P.5. P.954 P.54 P.5.5.  P .5 .5 .5 .  P4 Pd Pd P .5 .5 .5 .
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