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ABSTRACT

A SIMULATION MODEL OF AN OIL COMPANY

This thesis describes the development and application of a continuous

simulation feedback nodel using the DYNAMO computer language to ínves-

tigate the dynamic relationshíps governing production, proven reserves,

cash flow' return on ínvestment and other financial factors in a hypo-

Èhetical independent oí1 company.

Computer simulatÍon runs are performed to trace the ímpact through

the system over tíme of dífferent exploration and production policies

and to see how varíous external shocks can affect the performance of the

company. rt has been demonstrated that such methods provide policy

makers r¿íth valuable insights as Ëo how the sysÈem ¡¿orks and serves to

stimulate the search for policies that will not only counter deteríor-

aËíng sysËem behaviour buË will also be robust agaínst uncontrollable

shocks on the system. Fínally various possíble nodifications to Èhe

nodel to make it more realistic are discussed.
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CHÂPTER I

INTRODUClION

Thie thesie is concerned with applying System þnamics to the nodel-

ling of a hypothetical independent oil company. System þnanics is a

method of synthesis and analysis, based on system model building and con-

tinuous eimulation techniques. It combines physical flows, such as inven-

tories of products and cash, with information feedback representing deci-

sion processes in the system, to facilitate the understanding and hence

design of managerial cont,rol policies (Coyle, L977).

There are trro main types of oil operators, namely the independents and

majors. Although at tirnes it may be difficult to distinguish clearly

between these trrro, it is generally agreed that the main characteristic of

independents is their rsmallr size compared to the majors. Actually, some

independent operaËors, involving annual expenditures of nillions of dol-

lars, would be considered giants in other industries. The size of inde-

pendent companies may range from a one-man operation, to a firn with sever-

al geologists, landmen and engineera. Independents can range from opera-

tors nho nerely promote deals, operatore ¡vho are hired by other companies

to drill wells, operat,ors who own drilling rigs and drill for thernselves as

well as for others, to 6ome who are both producers, drillers and even

operate small refineries. By contrast, the majors are the large nulti-

national oil companies. Generally, though not neceesarily, the rnajors ere

fully integrated (i.e., carry on expl.oration, production, trensportation,

refining and marketing operatione). The giant companies like Exxon, Shell

and Imperial fa11 under this category.
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In thie study, the term rindependent' denotes an organization with a

few geologiets, landrnen and engineers, prinarily nonintegrated, whose

principaL business is to find and produce oiI. In actual.ity, be it major

or independent, the nain bulk of the annual expenditure ie spent on explor-

ation, development and production, and represents the main core of the

operations.

I{ith their linited capital, independents must be extremely careful in

deciding which ventures to enter into and ho¡¡ much to inveet in each one.

the combination of conplexity of the system and risk involved in drilling

presents an interesting situation to study. the purpoee in applying the

Systen þnanics approach to model an oil conpany has been basically two-

fold:

f) to study the inpacts of various policies available to a compeny, and,

2) to identify (hopefully) the factors that are critical in influencing

the long run profitability and survival of the conpany.

The infornation. for the construction of the model draws prinarily from

discussions nith people in the oil industry, industry etatistice and com-

PaDy operating reportg

Some very eweeping approximations have been made sinply to get the

model going and at this stage the model represents a working hypothesis of

how an independent company works. Oil executives, for example, could

hopefully take this embryonic nodel, adapt it to their olrn organisations

and use it for their own purposes.
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CH.A,PTER 2

TIIE METHODOLOGY

The nodel reLates to a hypothetical, and conceptually plausible oil

company. The construction of the model involves the following steps

(Coyle, 1977; Axelrod, L976; tra1l, 1978, I979)z

a) From interviews with people in the oi1

statistics and compeny operating reports,

industry and from

an influence diagram,

industry

depict-

ing the operations of a typical oil company, is drawn.

Quoting Ha11 (f978):

The basic elements of an influence diagram are quite sinple. The
policy variables that cen be rnanipulated, the goals or performance
criteria that are to be ained for and the intervening causes and ef-
fects can all be thought of as concept variables. These concepts are
represented es points on a sheet of paper, and the causal assertions
linking these concepÈs are represented es errorrs between these two
points. A positive sign denotes that an increase in the concept vari-
able at the tail of the arrow wilL lead to an increase in the variable
at the head, and that of a decrease leads to a decrease. A negative
sign indicetes the opposite movement of the head variable fron that of
the tail one (p. 104).

b) A system flow diagran is developed from the influence diagram to fa-

cilitate prograrnrning. This ernploye control engineering synbols to

categoríze the conserved subsystems (e.g., inventories and cash bal-

ences) and the rates that control the flo¡rs in the subsystems. The

interconnecting web of information that determines, through policies

. and leverage points, the activities or rates in the conserved sub-

- systems, is added. Fig. 2-l shons the standard flow diagran syrnbols.

c) A conputer system simulation model is programed from the systern f low

diagrams using the system simulation language Dynano (Pugh, f970).

This language uees parallel proceseing (i.e., the order of the computer

cards or records is unimportant) and is especially designed to simulate
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Figure 2.1: E¡qandard System Flow Díagram Symbols

Level Rate

--+
Source

Sínk

-+
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a RaEe
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the dynamic feedback modele of businees, economic and social systems.

This permits any of the model variablee to be displayed in tabular and

- graphical form at any point during the einulation time.

d) Conputer runs of the model, together with its flow diagrams and docu-

ment.ed assumptions, are shown to Ëhe potential users who criticize the

realism of the results. Changes are made to the model in light of

these criticisns (a trivial task r¡ith the parallel processing facility

of D¡rnamo, but often a major operation nithout this facility). The

Process is repeated until the opinion of the najority is expressed that

the model represente reality for the purpoee at hand.

e) Experiments are run by changing the values of the various model vari-

ab1es. The objective is to identify the inpact of these changes on the

company performance and to aid in the adoption of euitable policies.

Sources For Build The Model

The data for this model is gathered from interviews ¡rith the profes-

6ors at the department of Earth Science and the Natural Resources Institute

of the University of Manitoba; a few oil operators in Alberta; correspon-

dence r¡ith the former deputy EDP manager of the National Petroleum Conpany

of Malaysia; the training manager of shell oil conpany, Malaysia; annual

reports of oil companiee; literature describing the operations of the oil

industry (Satt et al., 1965; Busineee l{eek, 1980a, 1980b, 1980c; Sruart,

l98l; Tufte, L975), brochures and drilling statistics published by the

Canadian government and the oil industry (Imperial, 1979).
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CHAPTER 3

OVERVIEI{ OF TUE MODEL

Ihe sinplified influence diagrams of an independent oil company are

shown in Fig.3.1-3.3. The model is divided into the following sectors:

(l) Lease, (2) Exploration, (3) Conptetion Stage, (4) Producing IùeIls, (5)

Proven We1ls, (6) Production capacity, (7) production, (8) Financial Ac-

counting, (9) Investment Flows and Financial Perfornance, and (10) Explora-

tion Policy. The detailed system flow diagrams of the various sectors

required for progra'nming a simulat,ion model are ehonn in Fig. A.L-A.27 in

appendix A. A brief outline of each sector and what function it performs

follows:

(1) Lease sector

This sector keeps track of the amount of raw land holdings. This

amount is increaeed by the rate of acquisition of acreage, depleted by

the rete of usage of acreage for expl.oratory drilling solely by the

company or in partnership with another or farmed out to another opera-

tor and also depleted by the rate of expiry of raw land holdings

leases. The price of the acreage is affected by the quality of geolo-

gical infornation about it, which in turn affects the rate of acquisi-

tion of acreage with available funds.

Q) Exploration sector

The rate of exploratory driLl.ing is governed by the amount of spending

on exploration and the availability of leased ecreage. The amount of

capital budgeted for exploration, it ie posite¿, depends on the com-

panytÉ êstimated Life span (i.e., the tine by which the conpany's

would go out of the businese, given average production over the pre-
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Figure 3.1 O11 exÞloratlon and ¡¿ell comPletlon secÈor
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Figure 3.2 Production and Reserves Sector - Influence Di ram
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Figure 3.3 Financial Sector - Influence Diagram
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vious two years, if no further reserves ¡sere to be located) and the

company desired Life horizon. The total number of successful explor-

- etory wells are affected by exogenously generated success ratios.

(3) Cornpletion stage eector

This sector keeps an eccount of wells in the process of conpletion.

(4) Producing r¡el1s sector

The total number of producing wells is increased by the rate of comple-

tion of wells and decreased by the rate of depletion of producing wells.

(5) Proven wells Eector

This sector records the totel proven reserves from wells drilled

solely by the company or under a 50"Á partnership.

(6) Production capacity sector

The rate of production capacity addition is affected by the rate of

completion of wells and the desired production rate per well. It is

assumed that the desired production rate per well is scaled up or down

according Èo the ratio of the companyrs actual lifetirne (at current

production rates) to its desired life horizon.

0) Production sector

The production rate is constrained by the total production

or by the totaL number of producing wells and the maximum

rate of production per well. This is then used to compute

term average production rate (over a six nonth period) and

average production rate (over twenty-four months).

capacity,

al l-owable

the short

1-ong term

(8) Financial account Bector

Ihis sector keeps a record of yearly saLes revenue end total expenses,

nonthly costs of both exploration and well completion, and general and

adninistrative expenses. The totel annuaL expenditure includes:
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(e)

(l) Cost of production

(2) Cost of exploration

(3) Cost of well conpletion

(4) Cost of production capacity addition

(5) Cost of leased ecreage

(6) General and administrative expenses, and

0) Depreciation and depletion expenses

The company receives fu11 revenues from its o!ùn producing we11s, a

portion for those wells drilled in partnership and a royalty payment

from those famed out. The yearly before-tax prof it is calculated as

the difference of the end of the year total sales revenue and totaL

expenditure. Cash flors is then calculated as the sum of after-tax

profits, depletion and depreciation cash flows.

Investment flows and financial oerformance sector

The depreciated values of the investment in development and production

capacity are updated and recorded. These are then used to calculate

the value of the total assets. Return on investment is then computed

to be the ratio of after-tax profits to the value of the total assets

expressed as a percentage.

(10) nxploration policy sector

The ratio of the companyrs actual lifetine stock of oil to its desired

Life horizon is used to drive its exploration policies. The companyrs

actual lifetine is the tine by which the company would go out of the

business, given average production over the last two years, if no

further reserves were to be located. A lower ratio reflects a threat

to the companyrs future existence due to declining reserves. As such

the company would be wiLling to release more funds for expl.oration in

the hope of acquiring more reserves.
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CHAPTER 4

DETAILED EXPLANATION OF THE MODEL

This chapter describes in detail the computer program of the nodel.

The purpose is to make absolutely clear the assumptions and formulation of

the model so that it can be argued, reviewed and inproved. the Listing of

the equations in Dynamo simulation language syntax (see Pugh, f970) to-

gether r¡ith the complete documentation are shown in Appendix B. To assist

the reader, the equations are numbered to provide a cross-reference between

the following descriptions and the model listing in Appendix B and the

system flow diagrams in Appendix A. As a further eervice to finding one's

way through the model, an alphabetic listing of all variables in the nodel

and where they are used is to be found in Appendix C.

It should be stressed that the parameter values used in the model are

only esÈimates which appear plausible to the author. They were the best

estimates available from the literature or from people in the oil industry

contacted at the time.
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the Equations of the Model

LEASE SECTOR

0ualitv of geoeolosical inf omat ion:

progra'ming language, representing this

fhe equations, written in the DYNAMO

information fol.low:

QUALITY OF GEOLOGICAL INFORMATION

ACPA.K=TABHL(TAB1,QCGI.K, 1,4, 1 )y¡91=5/f / 1a/ t4
QCGI . K=SAMPLE ( NORMRN( MOC, SOC ), 3, MOC )
MQc=2.5

2,^
2.r, T
3, A
3.1, c
3.2, CSQc=O.6

ACPA
TAB I
QCGI

- ($/ACRE/M) AVE COST OF ACREAGE
- ($/ACRE/M) TABLE GIVING COST OF ACREAGE
- ( 1 ) oUALITY coEFFIcIENT oF GEOLoGIcAL

I NFORMAT I ON
- (1) MEAN QUALITY COEFFICIENT OF GEOLOGICAL

I NFORMAT I ON
- ( I ) STaTDARD DEVIATIoN oF QUALTTY

COEFFICIENÏ OF GEOLOGICAL INFORMATION

MQC

s8c

A firn nay either acquire leased acreage for exploration speculatively

prior to the actual drilt ing decision, or acquire it after the firm has

become interested in a particular venture. If the firm enters a relatively
unexplored area (wittr low state of information) and buys leases specula-

t'ively, the price Per acre r¡ill be low. Then the firm rnay purchase infor-
mation by seismographic test, core drilling or drilling to evaluate the

acreage.

But if the acquisition of leases is begun after there is evidence of

interest in the area (perhaps through already available seismographic



L4

information, shootings or en active lease play) or after infornation is

available about the geological quality of the leased acreage (such as e

diecovery) the price will be higher. The values of the quality coefficient

of geological information signify the amount of information available for

the acreage. It ie ¡nodelled to follow a normal distribution where the

vaLues can roughly be interpreted as below:

QCGI = | rfairr amount of information representing some minirnal knowledge

about the l-ikely presence of oil

QCGI = / 'goodr amount of infornation representing a good indication that

oil is present

QCGI = 3 'very goodt amount of infomation representing a very good indica-

tion that oil is present

QCGI = l¡ rExcellent I arount of information representing perfect knowledge

that oil is present

fig 4.1 sho¡rs the relationship betr¡een the average price of Leasing acreage

and the quality coefficient of geological infornation. It is seen that the

price of acreage increases as the quality coefficient of geological infor-

rnation increases.



Figure 4.1 RelatÍonship between the average cost of acreage
and Èhe quality coeffícienÈ of geologícal ínformation
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Rar¡ land holdings: The equations representing rav land hoLdings are as follows:

DIVISION OF RAt¡, LAND HOLDINGS

RLA . K=TABHL ( TAB2, ACPA . K,G , 14 ,21* APB/ 12
APB=80
rAB2= 15/20/40/35/30
RALA . KL=RLA . K+MAX ( DRHoL . K-RLHoL . K, O )/MEXp
RALA=RLA
RLHOL.K=RLHOL. J+DT*(RALA. JK-RULDS. JK-RULDP. JK-

RULFO, JK-RLEXP. JK )
RLHOL=BRLHOL
BRLHOL=3OOO
RULDS . KL=AREXPS . LIK*SPW
RULDP.KL=AREXPP. JK*SPW
SPtd=40
MEXP=60
RULFoN. K=ARALA . K*PFo
PFO=O. 05
RULFO . KL=RULFON. K+MIN( MFO*RLHOL . K, MAX ( RLHOL , K-

DRHOL.K,O) )/MEXP
RULFO=RULF6N lO. l, N

MF0=.1 1O.2, C

ANRULO.K=SMOOTH(RULDS,JK+RULDP.JK+RULFON.K,TTARA) 1I, A

TTARA= 1 2 tr.1

4, 
^4.1, C

4.2, r
5, R

5.1, N
6, L

6.1, N
6.2, C

7, R

I, R

8.1, C

8.2, C
I, A

9.1, C

10, R

DRHO
ARAL
ÂRUL
R!-EX

L. K=ANRULD. K*MEXp 12,
A . K=SMOOTH( RALA . JK, MEXP ) I 3,
D . K=SMOOTH( RULDS . JK+RULDP . TJK+RULFO . JK, MEXP ) 14 ,

P.KL=ARALA.K-ARULD.K 15'
RLA - (ACRES,/M) RATE OF ACQUISITION OF ACREAGE
TAB2 - (BLOCKS/Y) TABLE GIVING BLOCKS DF ACREAGE

ACQUIRED PER YEAR
ACPA - ($/ACRE/M) AVE CoST OF ACREAGE
APB - (ACRES,/BLOCK) ACRES PER BLOCK OF ACREÂGE

ACQUI RED
RALA - (ACRES/M) RATE OF ACQUISITION OF ACREAGE

,c
A
A
A
R

DRHOL
RLHOL
MEXP
RULDS

RULDP

RULFO
RLEXP

BRLHOL -
AREXPS -

sPt.'l
AREXPP -

RULFON -

ARALA

PFO

MFO
ANRULD

llARA

(
(
(
(

PER MONTH
ACRES) DESIRED AMOUNT OF RAW LAND HOLDINGS
ACRES) AMOUNT OF RAW LAND HOLDINGS
M) EXPIRY TIME OF RAW LAND HOLDINGS
ÀCRES/M) RATE OF USAGE OF RA!,.l LAND

HOLDINGS FOR EXPLORATORY DRILLING
(DRILLED SOLELY )

RAIE OF USAGE OF ACREAGEOVER
LEA SES

(ACRES/M) RATE OF USAGE OF RAW LAND
HOLDINGS FOR EXPLORATORY DRILLING(DRILLED
UNDER PARTNERSHIP)

(ACRES/M) RATE OF ACREAGE FARMED OUT
(ACRES/M) RATE OF EXPIRY OF RA'¡I LAND

HOLD I NGS
(AcREs) BASE VALUE OF RAW LAND HOLDINGS
(I.J/M) ACTUAL RATE OF EXPLORÀTORY

DRILLING(SOLELY )
(ACRES/W) SPACING PER WELL
(hIlM) ACTUAL RATE OF EXPLORATORY

DRI LL ING( PARTNERSHIP )
(ACRES/M) RATE OF ACREAGE NORMALLY FARMEO

OUT
(ACRES/M) AV,RATE OF ACQUISITION OF ACREAGE

OVER AV.TIME OF LEASES
( 1 ) PROPORTION OF RAW LAND HOLDINGS FARMED

OUT
( 1 ) MAX FRACTION OF ACREAGE FARMED OUT
(ACRES/M) AVERAGE NORMAL RATE OF USAGE OF

RAIIJ LAND HOLDINGS
(M) TIME TO AVERAGE RATE OF ACOUTSITION OF

RA}.l LAND
(ACRES/M) AV.

ÂV. TIME OF

ARULD



Figure 4.2 Relationship between the average cost of acreage and
the rat,e of acquisiÈion of acreage

40

35

25

L7

30

15

6 10 L2 1

Average cost per leased acreage ($/acre/m)

* The rate of acquisítíon of acreage ís gíven as blocks per year
(one block = B0 acres) whereas in the program iÈ ís gíven as
acres per rnonËh).
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Fig. 4.2 ehows the relationship between the rate of acquisition of

acreage (RLA,4) and the cost of leasing the acreage. It ie aeeumed that

the rate of acquisition increases as the cost per acre (i.e., quality of

geological infornation) increases to a maxinum of 31200 acree per year and

the rate begina to decrease thereafter even though the cost continues to

increase. The rationale is that independent oil operators, vith their

insufficient financial resources to take risks and to pay rentals on large

amounts of acreage, tend to hold relatively smal1 amountB of acreage,

particularly speculative acreage (i.e., acreage with low quality coeffi-

cient of geological infornation). Furthermore they cannot afford to pur-

chase excessive amount of the expensive acreage. Leases are usually short-

lived; no more than l0 years and ueually 3 to 5 years. If no production is

obtained from a lease before it expires, someone else may acquire it. The

acquieition rate of acreage is increaeed if the actual acreage falls behind

the desired acreage (RAI,A, 5). The deeired acreage is calculated as five

yearts worth of leases at the average rate of exploration (unuOl, L2).

After a discovery in a nen area, spacing orders are issued by provin-

cial reguletory comissions. Theee are determined f rom a hearing in which

the operator requests what seems to hirn to be a deeirable pattern in view

of the economics of extraction and conservation of the discovered oil.

Though the spacing pattern is not actually deternined until after the well

has_ been discovered, operators can anticipate when making the initial

drilling decisions, what the spacing nay be. If there is a 320-acre lease,

and spacing ie usually 40 acres, so there will be 16 potential locations.

Thus, the spacing pattern obviouely will affect the amount of investment

required to develop the property and ie an economic factor in the original

drilling decision.
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Spacing also becomeÊ e decision problen after a discovery. The opera-

tor hae to deternine whether he ¡vill develop the property, with commission

approval, on a particular patternr Bey 4O-acre spacing or 2O-acre spacing.

Although the, total amount of petroleum to be recovered may be about the

same under either spacing, the rate of recovery of funds ¡vill differ. For

sirnpLicity this model assumes the spacing per well a6 a constant of 40

acres. It is then clear that the rate of usage of raw land holdings for

exploratory drilling (partnership or drilled soLely; RULDS and RULDP, 7 and

8) is the product of actual rate of exploratory drilling and spacing per

r¡e11 .

Quite often the leaeeholder may not desire to drill the Lease hinself

and fam out or assign the lease to other operators in return for other

considerations. Usually the other operator must first, drill wells to

certain depths in the farmed out acreage within a specified time, second,

furnish 1ogs, cores, samples, and other geological information, and third,

agrees to pay the leaseholder certain percentege of the sales revenue from

farmed out nrells that produce oil. Some of the reasons to farm out the

acreage are: (i) funds are not available, (ii) there is a high risk of

dril1ing, (iii) the acreage is insufficient to make it worth drilling

alone, and (iv) the company !ùants the lease tested, for the reasons that if

the ¡sell ever becones productive, profits nay be obtained from a retained

interest in the farmed out, or nearby properties may be proved up (e.g., if

the well is dry, valuable geological information may be obtained).

Independent operators usualLy hold e relat.ively snall amount of specu-

lative acreage and thus in nany cases only a small amount of acreage will

be farmed out. The model assumes that normally 5% of. the acquisition land

ie farmed out (nUlfOU, 9) but up to L0id of. ra¡y land holdings over a 5 year
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period (unxp fO) may be famed out if the actual holdings exceed the de-

eired (nUlfO, f0) . Also, the expiry rate of land holdings (runXl, f 5) is

the difference between the averages of the acquisition (ARAIA, f3) and

normal usage (enUlU, 14) ratee (averaged over the life of leaees; 5 years).
' Sometimes the risk of drilling alone is eo high or expensive that the

operator must find partners to ehare the cost of drilling. Hosever he r¡ilI

have to share the income if the well turns out to be productive. There are

different type6 of partnership agreements. This model assumes a t50-50'

partnership where the cost of drilling and income are equally shared.

Under nor"mal circumstances 40 percent of the land holdings wil.l,be explored

in partnership (see next section).

the amount of raw land holdings (ùU0L, 6) ie increased by the rate of

acquistion of acreage (nAlA, S); and depleted by the rate of u6age of

acreage for exploratory drilling (nUlm,7; RULDP,8), rate of acreage

farmed-out (RULFO, f0) and the expiry rate of raw land hoLdings (runXl,

r5).
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EXPLORATION SECTOR

Exploration rates of ratr land holdings: The equations represent,ing these

exploration rates follow:

EXPLORATION SECTOR
EXPLORATION RATES OF RAW LAND HOLDINGS

EXPF . K=RULFO . .,K,/SPW
AREXps . KL=MI N( cApTS . K/EcpEr¡rS . K, RLHoL . K*pDs,/Spt, )
AREXPP . KL =M I N ( CA PT P .K / ECP EI,'P . K, RLHOL . K*PDPISPW )
PDS=O. 5,/ 12
PDP=O . a/ 12

16,
17,
t8,
18.
'18.

A
R

R

1, N
2, N

EXPF

RULFO
SPt,
ÂREXPS -

CAPTS

ECPEtTS -

RLHOL
PDS

AREXPP -

CAPTP

ECPEWP -

PDP

(I.,/M) RATE OF EXPLORATORY DRILLING OI-
FARMED OUT IilELLS

(ACREs,/M) RATE oF ACREAGE FARMED OUT
(ACRES/W) SPACING PER IdELL
(!¡.l/M) ACTUAL RATE OF EXPLORATORY

DRILLING(SOLELY)
($,/M) CAPITAL AVAILABLE FOR EXPLORATORY

DRI LLING( SOLELY )
($/W) ESTIMATED COST OF EXPLORATION PER

Ì,/ELL TO BE DRILLED SOLELY
(AcREs) AMoUNT OF RAV, LAND HOLDINGS
( 1/M) PROPORTION OF RAW LAND HOLDINGS TO BE

USED FOR SOLE DRILLING
( !,,/M ) ACTUAL RATE OF EXPLORATORY

DRI LLING( PARTNERSHIP )
($/M) CAPITAL AVAILABLE FOR EXPLORATORY

DRI LLING( PARTNERSHIP )
($/W) ESTIMATED COST OF EXPLORATION PER

WELL TO BE DRILLED UNDER PARTNERSHIP
(1/M) PROPORTION OF RAI,/ LAND HOLDINGS TO BE

USED FOR DRILLING UNDER PARÏNERSHIP

The rete of exploratory drilling of farned out lrells (nxlf, f6) is

made equal to the rate of acreage farned out (nUlfO, f0) divided by the

spacing per well (SPIJ). The actual rate of exploratory drilling (drilled

solely by the oil company) (mnxps, L7) is governed by the capital avail-

able for exploratory drilling, (CAPTS, 163), estimated cost per exploratory

well (ncpnws, 108) and the avaiLability of raw land holdings (run01, 6).

Ihe actual rate of exploratory drilling under partnership (AnnXtf, 18)

follows the same logic. In this modeL it ie aeeumed that 50 percent of the

raw land holdings are to be used for sole exploratory drilling and 40

percent for exploratory drilling under partnership respectivel.y.
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I{ell drilled solel.y by the corrnpany: The equations representing this part

are aB f ollorrs:

RATE OF ORILLING U'ILDCAT & DEVELOPMENT SOLELY BY
COMPANY

1TAREXS. K=þ¡S*AREXpS . JK 19,
DÂREXS . K= ( 1-1,IS ) *AREXPS . JK 20,
I¡JS=O. 7 20. 1

TWES,K=TI¡/ES.J+DT*(AREXPS.JK-RCWES.JK) 21 ,

TWES=3 21 .1
RCt¡tES.KL=DELAYS(AREXPS.iJK,DcE) 22,
DcE= 18 22.1

II'AREXS - (W/M) RATE OF EXPLORATORY DRILLING ('¿JILD

CAT WELLS DRILLED SOLELY)
t¡.ls - ( 1 ) PROPORTION OF RATE OF EXPLORATORY

DRILLING(DRILLED SOLEI-Y )I'JHICH IS I'JILD CÀT
WE LLS

AREXPS - (T.'/M) ACTUAL RATE OF EXPLORATORY
DRI LLING( SOLELY )

DAREXS - ( I,'/M ) RATE OF EXPLORATORY
DRI LLING(DEVELOPMENT I,JELLS DRILLED
SoLELY )

TI.JES - (W) TOTAL WELLS IN EXPLORATION
PROCESS(DRILLED SOLELY )

RCI,,ES - (',,/M) RATE OF COMPLETION OF EXPLORATORY
DRILLING(I,JELLS DRILLED SOLELY

DCE - (M) DELÂY IN COMPLETING THE EXPLORATION

In this study tvro types of exploratory \rel1Ê ere distinguished: (a)

¡uild-cat wells, and (b) development weIls. I{ild-cat wells are those lrells

drilled on a geoLogical structure or in an erea never before productive.

The success rate for these type of exploratory rtelLs is usually low; the

national average succesÊ rate being about 15 percent. In contrast, devel-

opment ¡¡e11s are those drilled near other producing welIs. Hence the

succesÊ rate for developrnent wells is relatively high; the national everage

success rate being about 70 percent. An exploratory welL is said to be

euccessful if it contains a sufficient quentity of oil to qrarrant complet-

ing the well for production. For the purpose of this study, it is assumed

initially that 70 percent of the rate of exploratory drilling done is

f wild-catt (I{ARE)ß, 19) and 30 percent i6 tdevelopmentr (uenn¡fS , 20).

À
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The total number of wells in process of exploration (drilled solely;

TI{ES, 2l) are increased by actual exploratory drilling rate (enfxpS, L7)

and depleted by the conpletion rate of expLoratory drilling (nCWnS , 22).

After en averege delay of l8 nonths, the exploratory wells ere completed

(22).
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I{eI1 drilled under partnerehip: The equations representing this part are:

UNDER PARTNERSHIP

WAREXP . K=þIP*AREXPP. r"lK 23 , 
^DAREXP.¡A=(T-WP)*AREXPP.JK 24, A

[¡JP=O.7 24.1,
WAREXP - (t,'/M) RATE OF EXPLORATORY DRILLING (WILD

CAT T¡/ELLS DRILLED UNDER PARTNERSHIP)
I"P - ( I ) PROPORTION OF RATE OF EXPLORÂTORY

DRILLING t¡JITH PARTNER ITHICH ARE trlLD CÄT
WE LLS

AREXPP - (t,/M) ACTUAL RATE 0F EXPLoRAToRY
DRI LLING( PÂRTNERSHI P )

DAREXP - (W/?{i) RATE OF EXPLORATORY DRI LLING(
DEVELOPMENT Ì.,ELLS DRILLRD UNDER
PARTNERSHI P )

The logic of equations 23 and, 24 is exactly

except that the exploratory drillings are

the same as equations 19 and 20

done under partnership arrange-

ments.

Success in drilling exploratory wells (wild-cat nells drilled solely by the

c

eompany): The equations representing this part are:

SUCCESS IN DRILLING EXPLORATORY h'TLDCAT ¡'ELLS
SOLELY BY COMPANY

I¡,RSEI¡'S . KL=SAMPLE ( NORMRN( I¡JMSES . K, WSSES . K ), 1, IJ'MSES, K ) 25, R

WMSES. K=IISRS*I¡IAREXS. K 26, A
WSRS=O. 15 26.1, CI¿TSSES.K=O.OI*þTAREXS.K 27, A
WTSEWS . K=WTSEWS . J+DT*I¡rRSEI¡/S . JK 2e, L
I,ITSEWS=BSEWS 28.1, N
BSEl,rS=2 2A .2, C

WRSEWS - (W/M) RATE OF ADDITIoN oF sUccEssFUL
EXPLORÂTORY l¡rILD CAT lrrELLS DRILLED SOLELY

T,'MSES - (W/M) MEAN VALUE OF RATE OF ADDITION OF
SUCCESSFUL EXPLORATORY WILD CAT I¡,ELLS
DRILLED SOLEY

I,,SSES - (W/M) STANDARD DEVIATION OF RATE OF
ADDITION OF SUCCESSFUL EXPLORATORY V.lILD
CAT WELLS DRILLED SOLEY

IT,SRS - ( 1) SUCCESS RATIO OF EXPLORATORY b'ILD CAT
T{ELLS DRILLED SOLELY

I¡'AREXS - (W/M) RATE OF EXPLORATORY DRILLING (WILD
CAT !/ELLS DRILLED SOLELY)

WTSEI,'S - (W) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY t¡JILD CÀT t¡TELLS DRILLED SOLELY

BSEI,'S - ( t¡.l ) BASE VALUE OF SUCCESSFUL EXPLORATORY
T{ILD CAT I.lELLS DRILLED SOLELY



25

It is assuned that the rate of addition of successful exploratory

wild-cat wells drilled eolely by the dornpany (WnSnWs, 25, 26 and. 27) fol-

tor-" a normal distribution with mean a6 15"Á of the rate of exploratory

drilling (wild-cat wells drilled solely) and standard deviation of I per-

cent of the rate of exploratory drilling (witd-cat wells drilled solely).

The cumulative number of succeseful exploratory wild-cat sells drilled

solely (mSnWS, 28) is increased by the rate of addition of successful

exploratory wild-cat wells drilled solely (WnSnWS , 25).
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Success in drilling exploratory wells (wild-cat wells drilled under part-

nership: The equations representing this part ere:

UNDER PARTNERSHIP

¡,RSEI'/P.KL=SAMPLE(NORMRN(MSEP.K,SSEP.K), T,MSEP.K) 29,
MSEP.K=I¡,SRP*I¡TAREXP.K 30,
IISRP=O. 15 30.
SSEP.K=O.O1*þTAREXP.K 31,
WTSEWP . K=WTSEI¡IP . J+DT*t¡rRSEtrP . JK 32,
WTSEWP=BSEWP 32.
BS€WP=2 32.

I"RSEWP - (W/M,) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY IJ,ILD CAT t.jELLS DRILLED UNDER
PARTNE RSHI P

MSEP - (W/M) MEAN VALUE OF RATE OF ADDITION OF

SUCCESSFUL EXPLORÂTORY WILD CAT U'ELLS
DRILLED UNDER PARTNERSHIP

SSEP - (T,.l/M) STANDARD DEVIATION OF RATE OF
ADDITION OF SUCCESSFUL EXPLORATORY Ì,iILD
CAT WELLS DRILLED UNDER PARTNERSHIP

WSRP - (1) SUCCESS RATIO OF EXPLORATORY I/'ILD CAT
I,'ELLS DRILLED UNDER PARTNERSHIP

I{AREXP - (W/M, RATE OF EXPLORATORY DRILLING (I,JILD
CAT WELLS DRILLED UNDER PARTNERSHIP)

WTSEI,.IP - (W) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY I¡,I LD CAT WELLS DRI LLED UNDER
PARTNE RSHI P

BSEITP - (tr) BASE VALUE OF TOTAL NUMBER OF

SUCCESSFUL EXPLORATORY I{ILD CAT WELLS
ORILLED UNDER PARTNERSHIP

The l.ogic for equations 29 to 32 is exactly the same as equetions 25

to 28 except that the exploratory drilling are done under partnership.

R

A

,c
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develooment wells (solelv): Success in drilling devel-

opment wells (solely by the company) is represented by:

SUCCESS IN DRILLING DEVELoPMENT I¡TELLS

SOLELY BY COMPANY

Success in drilline

DRSEWS, KL=SAMPLE (NORMRN(DMSES. K, DSSES. K ), 1, DMSES. K )
DMSES. K=DSRS*DAREXS. K
DSRS=O.8
DSSES . K=O. 05*DAREXS . K
DTSETdS . K=DTSEWS . \r+DT*DRSEWS . JK
DTSEl,,lS=O
TRSEI,TS . KL=t/RSEWS . LIK+DRSEl,rS . LIK
TI¿JSES . K=TWSES . ¡+9T* ( TRSEI¡JS . JK )
Tl,rSES=4

DRSEWS - (I,'/M) RATE OF ADDITION OF SUCCESSFUL

33,
34,
34.
35,
36,
36.
37,
38,
38.

R

A

1, C
A
L

I, N
R

L
I, N

DMSES

DSSE S

DSRS

DAREXS

DTSEWS -

TRSEWS

WRSEI,.lS

TWSES

EXPLORATORY "DEVELOPMENT" WELLS DRILLED
SOLE LY

(W/M) MEAN VALUE OF RÂTE OF ADDITION OF

SUCCESSFUL EXPLORATORY DEVELOPMENT }.lELLS
DRILLED SOLELY

(W/M) STANDARD DEVIATION OF RATE OF
ADDITION OF SUCCESSFUL EXPLORATORY "
DEVELOPMENT'' I¡ELLS DRILLED SOLELY DT (M)
SOLUTION INTERVAL

( 1 ) SUCCESS RATIO OF EXPLORATORY '
DËVELOPMENT " l¡TELLS DRI LLED SOLELY

(W/M) RATE OF EXPLORATORY
DRILLING(DEVELOPMENT WELLS DRILLED
SOLELY )

(I.J) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY "DEVELOPMENT'' WELLS DRILLED
SOL E LY

(W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY WELLS DRILLED SOLELY

(W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY 1,,ILD CAT IJ,ELLS DRILLED SOLELY

(t.,) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY WELLS DRILLED SOLELY
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It is assumed that the rate of addition of successful expLoratory

!'developnentrt we1ls drilled sole1y by the company (OnSnWS, 33) f ollows a

nomal distribution with mean success ratio of 80 percent and standard

deviation as 5 percent of the rate of exploratory drilling (developnent

wells drilled solely). The cumulative number of euccessful exploratory

[developmentrr wells drilled solely is increased by the rate of addition of

succeesful exploratory rrdevelopment" wells drilled solely (OnSnm, 33).

the cumulative number of successful exploratory wells dritled solely (in-

cluding developnent and wild-cat wells) (tWsss, 38) is increased by rhe

rate of addition of successful exploratory wells driLled solely (tnsnWS,

37).
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Success in drilling development wells (under partnership): The equations

to represent this part are:

UNDER PARTNEI',SHIP

DRSE¡JP.KL=SAMPLE(NORMRN(DMSEP,K,DSSEP.K), T,DMSEP.K) 39,
TWEP.K=TTJEP.U+DT+(AREXPP.üK-RCWEP.JK) 40,
TWEP=3 40.
RCI.JEP.KL=DELAY3(ANCXPP.JK,DCE) 41,
TRSEI,TP . KL=IIRSEWP . LIK+DRSEI,JP . úK 42,
Th,SEP . K=TWSEP . d+DT* ( TRSEWP . JK ) 43 ,
Tì,ttSEP=4 43.
DMSEP.K=DSRP*DAREXP.K 44,
DSRP=O.7 44.
DSSEP . K=O. O5*DAREXP . K 45 ,
DTSEWP. K=DTSEWP . J+DI*DRSEI',P. JK 46,
DTSEþJP=O 46.

DRSEWP - (T,'/M) RÂTE OF ADDITION OF SUCCESSFUL
EXPLORATORY''DEVELOPMENT'' WELLS DRILLED
UNDER PARTNERSHIP

DMSEP - (W/M) MEAN VALUE OF RATE OF ADOITION OF

SUCCESSFUL EXPLORATORY DEVELOPMENT I¡JELLS
DRILLED UNDER PARTNERSHIP

DSSEP - (T{/M) STÂNDARD DEVIATION OF RÂTE OF
ADDITION OF SUCCESSFUL EXPLORATORY "
DEVELOPMENT, I,/ELLS DRILLED UNDER
PARTNERSHI P

TWEP - (W) TOTAL IVELLS IN EXPLORATION
PROCESS(DRILLED UNDER PARTNERSHIP)

AREXPP - (W/M,) ACTUAL RATE OF EXPLORATORY
DRI LLING( PARTNERSHI P )

RCWEP - (IdlM) RATE OF COMPLETION OF EXPLORATORY
DRILLING(\,'ELLS DRILLED UNDER PARTNERSHIP

DCE - (M) DELAY IN COMPLETING THE EXPLORATION
TRSEWP - (W/M) RATE OF ADDITION OF SUCCESSFUL

EXPLORAÍORY I¡,ELLS DRILLED UNDER
PARÏNE RSHI P

WRSEWP - (W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY WILD CAT WELLS DRILLED UNDER
PARTNERSHI P

TWSEp - (W) CUTITULATTVE NUMBER 0F SUCCESSFUL
EXPLORAIORY hIELLS DRILLED UNDER
PARÏNERSHI P

DSRP - ( 1 ) SUCCESS RATIO OF EXPLORATORY T

DEVELOPMENT' WELLS DRILLED UNDER
PARTNE RSHI P

DAREXP - (W/M) RATE OF EXPLORATORY DRILLING(
DEVELOPMENT þ'ELLS DRILLRD UNDER
PARTNERSHI P )

DTSEWP - ('rJ) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY'DEVELOPMENT'' WELLS DRILLED
UNDER PARTNERSHIP

1, N
R

R

L
r, N

A

R

L

1,
A

L

c
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The rate of addition of successful exploratory development lrells

drilled under partnership (DRSEWP, 39) is assumed to follolr e normal dis-

tribution l¡ith mean success rate of 70 percent and standard deviation of 5

percent of the rete of exploratory drilling (developnnent well-s drilled

under partnership). the cumulative number of successful exploratory devel-

opment wells drilled under partnership (OtSfWf, tß) is increased by the

rate of addition of successful exploratory t'developmenttr wells drilled

under partnership (DRSEWP, 39). The cumulative numb.er of successful ex-

ploratory weLls drilled under partnership (tWsnf, $) is increased by the

rate of addition of successful exploratory wells drilled under partnership

(rnsuwr, 42).

Success in drilling exploratory (fa¡med out) wells: The equations repre-

senting this part are:

FARMED OUT

RSET,'F.KL=SAMPLE(NORMRN(MSEF.K,SSEF.K),1,MSEF.K) 47,
MSEF.K=WSRF*EXpF.K 4A
ySRF=O.O8 4a
SSEF.K=O.O1*EXpF.K 49
TWSEF . K=T1,ISEF . J+DT*RSE1¡TF . LtK 50
T¡{SEF=BSEWf 50
BSEtrtf F =O 50

RSEI¿'F - (T,J/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY FARMED OUT WELLS

MSEF - (T,.l/M) MEAN VALUE OF RATE OF ADDITION OF

SUCCESSFUL EXPLORATORY FARMED OUT hIELLS
SSEF - ('rrlM) STANDARD DEVIATIoN 0F RATE oF

ADDITION OF SUCCESSFUL EXPLORATORY FARMED
OUT WELLS DRILLED

( 1 ) SUCCESS RATIO OF EXPLORATORY FARMED OUT

t'rE LLS
(I¡'lM) RATE OF EXPLORATORY DRILLING OF

FARMED OUT f',ELLS
(W) CUMULATIVE NUMBER OF SUCCESSFUL

EXPLORATORY FARMED OUT T,,ELLS
(t,,) BASE VALUE OF CUMULATIVE NUMBER OF

FARMED OUT WELLS DRILLED SOLELY

R

A
I, C

A
L

I, N
2,C

t¡rsR F

EXPF

TWSEF

BSEWF
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It is asgumed that the rate of addition of successful exploratory

farmed out ¡¡ells (nSUffi', 47) folLows a normal distribution with success

rate of only 8 percent and standard deviation of I percent of the rate of

exploratory dril-ling of farmed out wells. The cumulative number of suc-

cessful exploratory farrned out wells (fWSnf, 50) is increased by the rate

of addition of successful exploratory farmed out wells (RSUWI', 47).
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COMPLETION OF T{ELLS SECTOR

Conpletion Stage: The equations representing this stage are:

COMPLETION STAGE SECTOR

WRASCS . K=DLINFs( WRSElds . JK
t¡,RASCP . K=DLINFS(I¿JRSEV,P. JK
DRASCS . K=DL INF3 ( DRSEWS . JK
DRASCP. K=DLINF3( DRSEWP. JK
DECP= l2
RCI.JS . KL=ORASCS . K+II'RASCS, K
RCWP . KL=DRASCP . K+I'JRASCP . K

DECP )
DECP )
DECP )
DECP )

ECP )
Ec)
Ec)

51,
52,
53,
54,
54.
55,
56,
57,
58,
59,
60,
60.
60.
6t,
62,
62.

Â
A

A
A

1, C

R

R

R

R

R

L
1, N
2,C

R

L
1, N

RCI¡JF . KL=DELAY3(RSEWF . JK, D
RRCWF . KL=DELAY3( RCWF . JK, D
RRCWS . KL=DELAYS ( RCWS , JK, D
TCWS . K=TC|JS . J+DT* ( RCWS . JK-RRCWS . JK )
TCþ/S=2
DEC=24
RRCÌ¡rp . KL=DE LAy3 ( Rctrp . ,JK, DEC )
TCI¡JP . K=TCIJP . IJ+DT* ( RCWP , JK-RRCWP . ìJK )
TCWP= I

tTRASCS

r¡tRSEWS -

DECP

tTRASCP -

U'RSEþ.lP -

DRASCS -

DRSEWS

DRASCP

DRSEWP -

(I.,/M) START RATE OF COMPLETION OF
SUCCESSFUL EXPLORATORY WILD CAT WELLS
DRILLED SOLELY

(I.'/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY WILD CAT WELLS DRILLED SOLELY

(M) DELAY IN STARTING THE COMPLETION
PROCE SS

(t.,/M) START RATE OF COMPLETION OF
SUCCESSFUL EXPLORATORY lirILD CAT lrrELLS
DRILLED UNDER PARTNERSHIP

(W/M) RÂTE OF ADDITION OF SUCCESSFUL
EXPLORATORY WILD CAT WELLS DRILLED UNDER
PARÏNERSHI P

(W/M) START RATE oF coMPLEfIoN oF
SUCCESSFUL EXPLORATORY WELLS DRILLED
SOLE LY

(T.,/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY "DEVELOPMENTil þ'ELLS DRILLED
SOLELY

(v,/M) START RATE oF coMPLETIoN oF
SUCCESSFUL EXPLORATORY tTELLS DRILLED
UNDER PARTNERSHIP

(W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY'DEVELOPMENT' I,'ELLS DRILLED
UNDER PARTNERSHIP

(t,J/M) START RATE OF COMPLETION OF '¡,ELLSDRILLED SOLELY
('¿JlM) START RATE oF coMPLETIoN oF t./ELLs

DRILLED UNDER PARTNERDHIP
- (W/M) STÀRT RATE OF COMPLETION OF FARMED

OUT I,/ELLS
- (W/M) RATE OF ADDITION OF SUCCESSFUL

EXPLORATORY FARMED OUT þ'ELLS
- (T|l/M) RATE OF COMPLETTON OF .FARMED OUT

WELLS
- (M) DELAY IN GoMPLETING THE wELLs
- (W/M,, RAl E OF COMPLETION OF I.JELLS DRI LLED

SO LE LY
- (t¡,) ToTAL I¡TELLS IN THE PROCESS OF

COMPLETION( DRILLED SOLELY)
- (I,'/M) RATE OF COMPLETION OF WELLS DRTLLED

UNDER PARTNERSHIP
- (W) TOTAL V'ELLS IN THE PROCESS OF

COMPLETION(DRILLED UNDER PARTNERSHIP )

RCt¡rS

RCWP

RCl,.lF

RSEr¡rF

RRCtTF

DEC
RRCtrrS

lct|.ls

RRCl,rP

TCWP
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Conpletion sork on the various categories of wells begin after an

average delay of 12 monthe (equatione 51, 52r 53, 54). only those success-

ful exploratory ¡vells will be completed for the purpose of production.

The etart rate of conpletion of wells (drilled solely or under part-

nership) is einply the addition of 6tart rate of completion of auccessful

exploratory wild-cat wells and development wells (ncws, 55; RcI{p, 56).

Farmed-out wells begin after an average deLay of LZ months (nCWf, 57,

DECP=I2) . Af ter a further delay of 24 months (nnc=24), the f amed out

werLs are compreted (nncwr, 58). rt is assumed, initially, that two wells

are in the process of completion solely by the company and another one in

process under partnership agreements.
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Producing Wells (¡sells completed solely by the company): The equat ions

representing this part are:

PRODUCING WELLS SECTOR:
COMPLETED SOLELY BY COMPANY

TPWS.K=TPW5.¡+DfX(RRCþ,S.JK-RDPT¡,S'JK) 63' L

TpWS=4 63. I '
RDPWS.KL=TPVrS.K/AWLS.K 64' R

AWLS.K=(URFS*TPRS.K)/STAPS.K 65' A

URFS=O.I 65. I'_. -TPWé - (U,) TOTAL PRODUCING WELLS(COMPLETED SOLELY)
RRCI¿JS - (W/M) RATE OF COMPLETION OF WELLS DRI LLED

SOL E LY
RDPWS - (I,'/M) RATE OF DECAY OF PRODUCING I',ELLS

COMPLETED SOLELY
AWLS - (M) AVE þJELL LIFE(O''N SOLELY)
URFS - (t) ULTIMATE RECOVERY FACTOR(WELLS DRILLED

SOLELY )
TPRS - (B) TOTAL PROVEN RESERVES FROM I{ELLS

COMPLETED SOLELY
STAPS - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM WELLS DRILLED SOLELY

The total- number of producing weLls (conpleted soleLy by the compeny)

(fpWS, 63) is increased by the rate of completion of wells (drilled solely)

(nnCws, 59) and depleted by the rate of decay of producing ¡vells (nofws,

6Ð. The rate of decay of producing well.s (nopWs , 64) is governed by rhe

total number of producing wells (fpWS, 63) and the average well Life (Am,S,

65). The ultinate recovery factor (UnfS, 65.1) (assumed to be 80 percent),

detemines the amount of proven reserves r¡hich will be produced. The

larger the reserves, the longer ¡vill be the average weLL Life. But if the

production rate is increased ¡vith no 
"ort"rporrdirry increase in the proven

reserves, the average well lif e r¡ill decrease Gwr,s, 65) . rt is assumed,

initially, that four producing wells have been completed solely by the

company.

N

c
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Producing lfel1s Sector (conpleted under partnership): The equations repre-

senting this part are:

COMPLETED UNDER PARTNERSHIP

TPWP . K=TPi|JP . J+DT* ( RRCt¡rP . JK-RDPI,P . .JK ) 66 ,

TPI¡JP=4 66 '
RDPI¡JP. KL=TP|¡JP. K/AIJLP. K 67 ,
on¡p.¡a=(uRFp*TpRp.K)/sTApp.K 68,
URFp=O. B 68 .

TPWP - (I.') TOTAL PROOUCING WELLS(COMPLETED UNDER
PARTNERSHIP )

RRCWP - (w/M) RATE OF CoMPLETI0N oF I'IELLS DRILLED
UNDER PARTNERSHIP

RDPV'P - (W/M) RATE OF DECAY OF PRODUCING I¡JELLS
COMPLEÌED UNDER PARTNERSHIP

AV'LP - (M) AVE WELL LIFE(SHARING)
URFP - ( 1 ) ULTIMATE RECOVERY FACTOR(I./ELLS DRI LLED

UNDER PARTNERSHIP)
TPRP - (B) TOTAL PROVEN RESERVES FROM WELLS

COMPLETED UNDER PÀRTNERSHIP
STAPP - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM I',ELLS DRILLED UNDER PARTNERSHIP

The logic for equations 66 - 68 is exactly the 6ame as for 63 - 65,

except the producing wells are completed under partnerehip. It is assumed,

initially, that four producing lreLls are runder partnershipr.

L
I,

R

A

N

c
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Producing I{e11s (conpleted under farm out): The equations representing

this part are:

COMPLETED UNDER FARM OUT

TPbrF . K=TPtrF . J+DT* (RRCtrF .,JK-RDPI,F ..JK ) 63,
TpWF=2 69. I
RDpWF.KL=Tp1¡JF.K/AWLF.K 70,
AUILF.K=(URFF*TPRF,K)/STAPF.K 71,
URFF=O.a 71.1

TPI.JF - (VJ) TOTAL PRODUCING FARMED OUT WELLS
RRCT,JF - (W/M) RATE OF COMPLETION OF FARMED OUT

lr,lELLS
RDPWF - (W/M) RATE OF DECAY OF PRODUCING FARMED OUT

þ,ELLS
AWLF - (M) AVE WELL LIFE(FARMED OUT WELL)
URFF - (1) ULTIMATE RECOVERY FACTOR(FARMED OUT

WELLS )
TPRF - (B) TOTAL PROVEN RESERVES FROM FARMED OUT

t¡,E LLS
STAPF - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM FARMED OUT I{ELLS

Sinilarly, equations 69 to 7l foLlows the aame logic as equations 63

to 65, Èhe only dif f erence is that the producing wells ere I f amed-outl

rùells. It is assuned, initially, that two produeing ¡¡ells are rfarmed-out'

wells.

L

,N
R

A

,c
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Proven I{ells (compLeted solely by company): The equations representing

this part are:

PROVEN I¡,ELLS SECTOR:
COMPLETED BY COMPANY

TpRS.K=TpR5.¡+9f*(RPRS.tJK-PRs.JK) 72' L

rPRS=BTPRS 11.1" iBTPRS=2.8E6 a2 o
RPRS . KL=APURS . K*RRCt'lS' JK
ApuRS.K=SAMpLE(s¡púäõ'.ú,n,¿es) 74' 

^iiËüni'.r=ñôä¡¡nñi¡¡pnlli,åpnól 75' A

úpi¡õ'-r=ïaeHl(rati7,ôðeiitp.x,r,¿'r) 76' A

îiriìî:äEå7ãesìâeátieø 76'1' Ï
SPRS=8E3 6 '2' c

õbäiripl*=DELÀY3(occr -K'42) 77 ' ^-""^iphå' -:-iel ióiÀr- PRovEN RESERVES FRoM tvELLS

COMPLETED SOLELY
RPRS - (B/ùi ñÃrÈ or ADDITToN oF PRovEN RESERvES

TO I,JELLS DRI LLED SOLELY

PRS - te¡ùl"PRõouõrioru RATE FRoM !¡ELLS coMPLETED

SOLELY
BrPRS - tei dÃie VALUE oF rorAL PRovEN RESERVES

FROM T.,ELLS DRILLED SOLELY

ApuRs - (B/wí"4üÈ-pñovÈt¡ nrsenvEs PER vlELL(soLELY)

;;ìõil; - iw7¡¡i nÀir or coMPLETIoN oF \'iELLS DRTLLED

SOLELY
SAPURS - (87',Ji i¡I'IPI-E VALUE OF-AVERAGE PROVEN

nEáenves PER t,lELL DRILLED SoLELY

MPRs - telwÍ-MÈÃÑ pnovEru RESERVES PER wELL DRILLED

SOLE LY

sPRS - tel'cÍ-ITANDARD DEvIATIoN oF AvERAGE PRovEN

nEienves PER wELL DRTLLED SoLELY

rABT - telwi-ïÀetE GlvlNe AVERAGE PRovEN RESERvES

PER WELL DRILLED SOLELY

QCGITLP- (T) ôUAI-ITY COEFFICIENT OF GEOLOGICAL

INFORMATION AT TIME OF LEASING

QccI - (li ôuALiri coerr¡clgNr oF GEoLoGIcAL
I NFORMAT I ON
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The total proven reserves from wells completed solely by the firn
(tpnS,72) is increased by the rate of addition of proven reserves (RPRS,

73) and depleted by the production rate (tns, 91). It is assumed, ini-

tially, that the total proven reserves fron wells conpleted solely by the

firn ie 2.8 nillion barrels. The rete of addition of proven reserves

(npnS, 73) is sinply the product of the average proven reserves per well

(epunS,74) and the rate of conpletion of ¡rells (nnCwS, 57). It is assumed

that the average proven reserves per well (MPRS, 76) increases as the

quality coefficient of geological information at tine of leasing (QcCttLp,

77) increases. An element of randomness ie added by making the proven

reserves per well a normal randon function with a standard deviation of

8000 barrels (75, 76.2). The quality coefficient of geological information

at time of leasing (QCCfUp, 77) is obtained by lagging the qualiry coeff i-

cient of geological information (QCGI, 3) fot 42 nonths. The relationship

between the mean proven reserves per well drilled solely (UpnS, 76) and the

quality coefficient at rine of leasing (QCGITLP, 77) ís given in Fig. 4.3.

It is a very simple relationship rrhereby it is aesumed that the higher the

quality coefficient of geological infornation the higher the mean proven

reserves per weLl. The reader is encouraged to explore other relationships

utilizing nore eophisticated statistical techniques to identify the relation-

ship between the projected reserve8 per well and the quality coefficient of

geological infornation plus some other quantificable geological informa-

tion. the actual proven reserves in the nodel could then be substituted by

the projected reserveg (probably corrected by,some bias errore). For an

insightful review of some of these techniques and the potential pitfalls,

please refer to the paper by Edward R. Tufte, 1975.
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Tigure 4.3 Relationshíp beËween the lagged qualÍty coeffícíent
of geological ínformation and the mean proven reserves
per well drílled solelY.
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Proven I{e11s (f ron welle completed under partnership): The equat ions

repreeenting this part are:

COMPLETED UNDER PARTNERSHIP

TPRP.K=TPRP.J+DT*(RPRP.JK-PRP.JK) 7A, L
TPRP=BTPRP 78. |, N
BTPRP=1.sEG 7A.2, C

RPRP . KL=APURP . K*RRCI¡rP . JK 79, R

APURP.K=SAMPLE(SAPURP.K,12,5E5) ao, a
SAPURP.K=NoRMRN(MPRP.K,SPRP) 8l, A

MPRP . K=TABHL ( TAB8, QCGITLP . K, l .4, r ) a2, A

TABA=4E5/585/885/ 186 a2.1, T
SPRP=5E3 82.2, c
TpRES.K=TpRS.x+(O.5*TpRp.K) 83, A

TPRP - (B) TOTAL PROVEN RESERVES FROM WELLS
COMPLETED UNDER PARTNERSHIP

RPRP - (B/M) RATE OF ADDITION OF PROVEN RESERVES
TO WELLS DRILLED UNDER PARTNERSHIP

PRP - (B/M) PRODUCTION RATE FROM WELLS COMPLETED
UNDER PARÏNERSHIP

BTPRP - (B) BASE VALUE OF TOTAL PROVEN RESERVES
FROM WELLS COMPLETED UNDER PARTNERSHIP

APURP _ (B/VI) AVE PROVEN RESERVES PER
WE LL ( PARTNERSHI P )

RRCWP - (W/M) RATE OF COMPLETION OF WELLS DRILLED
UNDER PARTNERSHIP

SAPURP - (B/W) SAMPLE VALUE OF AVERAGE PROVEN
RESERVES PER WELL DRILLED UNDER
PARTNERSHI P

MPRP - (B/W) MEAN PROVEN RESERVES FER WELL DRILLED
UNDER PARTNERSHIP

SPRP - (B/WI STANDARD DEVIATION OF AVERAGE PROVEN
RESERVES PER WELL DRILLED UNDER
PARTNERSHI P

TABS - (B/W) TABLE GIVING AVERAGE PROVEN RESERVES
ER WELL DRILLED UNDER PARTNERSHIP
QUALITY COEFFICIENT OF GEOLOGICAL

NFORMATION AI TIME OF LEASING
TOTAL PROVEN RESERVES
TOTAL PROVEN RESERVES FROM T¡,ELLS

COMPLETED SOLELY

QCGITLP- (

TPRES - (
TPRS - (

P
1)
I

B)
B)
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Equations 78 to 83 follows the seme Logic as in equations 72 to 77,

except that the total proven reserves come from wells which are completed

under partnership. It is assumed that initiaLly the total proven reserve

from wells completed under partnership (tlnl, 78) is 1.5 ¡nillion barrels.

The mean proven reserves per well drilled under partnership (Ulnt, 82) is

assumed to increase aB the lagged quality coefficient of geological infor-

mation increa.ses (see Fig , 4.4).
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Proven Ì{ells (fron far^med-out ¡¡el1s): The equations representing this part

are:

COMPLETED UNDER FARM OUÏ

APURF.K=SAMPLE(SAPURF.K,12,3E5) A4,
SAPURF,K=NORMRN(MPRF,SPRF) ES,
MPRF=3E5 85.
TpRF.K=TpRF. J+DT*(ReRF. JK-eRF. JK) 86,
TPRF=BTPRF 86.
BTPRF=SES 86.
RPRF . KL=ÂPURF . K*RRCWF . LIK 87 ,

SPRF=SE4 47.
APURF - (B/W) AVE PRoVEN RESERvES PER t,lELL(FARMED

our )
SAPURF - (B/W) SAMPLE VALUE OF AVERAGE PROVEN

RESERVES PER FARMED OUT I¡JELL
MPRF - (B/W) MEAN PROVEN RESERVES PER FARMED OUT

IdELL
- (B/W) STANDARD DEVIATION OF AVERAGE PROVEN

RESERVES PER FARMED OUT I.,ELL
- (B) ToTAL PRoVEN RESERVES FRoM FARMED oUT

WELLS
- (B/M) RATE oF ADDITIoN oF PRoVEN RESERVES

TO FARMED OUT WELLS_ (B/M) PRODUCTION RATE FROM FÂRMED OUT þ'ELLS
- (B) BASE VALUE oF ToTAL PRovEN RESERVES

FROM FARMED OUT I¡,ELLS
- (w/MI RATE oF coMPLETIoN oF FARMED oUT

l,/ELLS

SPRF

TPRF

A
A

I, C
L

N
c

c

I,
2,

R

RPRF

PRF
BTPRF

RRCWF

The logic for eguations 84 to 87 is exactly the same as equations 72

to 77, except that the average proven reserve per farmed-out well (AlURl',

84) is assumed to foLlow a normaL distribution with mean (UPRF) of 300,000

barrels and standard deviation (SPRF) of 50,000 barrels. It is also as-

sumed that initialLy the total proven reserves from famed-out wel1s is

500,000 barrels.
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Production Capacity (wells completed eoLely by the company) The equations

rePresenting thie part ere:

PRODUCTION CAPACITY SECTOR
I¡,ELL COMPLETED SOLELY BY COMPANY

RCpS.K=RRCWS.JK*NPRPWS 88, A

NpRpWS=3SOO 88. 1,
RCPS _ (B/M**2) NNTE OF ADDITION OF PRODUCTION

CAPACITY TO t'JELLS DRI LLED SOLELY
RRct¡,S - (W/M) RATE oF CoMPLETIoN oF t¡TELLS DRILLED

SOLE LY
NPRPWS - (B/W/M) NORMAL VALUE OF DESIRED PRODUCTION

RATE PER ttlELL coMPLETED SoLELY

The rate of addition of production capacity to weLls drilled soLely (nClS,

88) is sirnply the product of the rate of completion of welLs drilled soleLy

(nnCWS, 59) and the normal value of the desired production rate per well

conpleted solely (npnpWS). The normal velue of the desired production rate

per well completed soLely (npnpWS) is agsumed to be 3500 barrels per well

per month.

c



45

Production Gapacity Sector (wel1s conP leted under partnership): The equa-

tions representing this Part are:

UELLS COMPLETED UNDER PARTNERSHIP

RCPP . K=RRCWP . JK*NPRPI¡'P
a9 A

I,89 c
NPRPWP=35OO'"''' nbpã-- - (B/tti**2) RArE oF ADDITIoN oF PRoDUcTI0N

CAPAðiTY TO I¡.lELLS DRILLED UNDER

PARTNERSHI P

RRct¡rP - (t,l/Mi';iÀiE 
'õi 

co¡¡puerIoN oF wELLs DRILLED

UNDER PARTNERSHIP
NpRPr,,P - (Biwl;) i'¡õri¡¡Àl vÁuuE oF DESIRED PRoDUcTIoN

nnrË'pËn"wËll cot'¡purrED UNDER PARTNERSHIP

Equation 89 follows the same logic as in equation 88 except that the pro-

duction capacity comes fron wells conpleted under partnership.
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Production Capacity (comple ted under farm-out): The equations representing

this part are:

WELLS COMPLETED UNDER FARM OUT

RCPF.K=RRCU/F.JK*NPRPU,F 90' A

NPRPITIF =3OOO 90 ' 1 '''"-'ääpr-- - (e/vi**z) RATE oF ADDITToN 0F PRoDUcTIoN
CAPACITY TO FARMED OUT I'JELLS

RRC\¡'F - (U'i M) RATE OF COMPLETION OF FARMED OUT

SELLS

Equation 90 follows the same logic as in equation 88 except that the pro-

duction capacity comes fron wells compleËed under farm-out and the nomal

value of the desired production rate per well conpleted under farm-out is

assumed to be 31000 barrels per well per month.

c
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PRODUCÎION SECÎOR

The equations representing this sector ere:

PRODUCTION SECTOR

PRS . KL=TPI¡JS . K*ALP . K*MPRPII,. K
PRP . KL=TPtrP . K*ALP . K*MPRPW. K

PRF . KL=TPtlF . K*ALP. K*MPRPW ' K
ALP. K=IALP+STEP(CIALP, 120)
IALp=3.8E3 94. I ,

CIALp=O 94.2,
MPRPI,J.K=TABHL(TPRPW,RCCL .K,O.2.1,4.O.4) 95' A

TPRPW=O.8/ .s/ 1/ I e5. I '
PRS _ G/Vi\ PRODUCTION RATE FROM T''ELLS COMPLETED

SOLE LY
TPWS - (I,.l) TOTAL PRODUCING I'/ELLS(COMPLETED SOLELY)
ALP - (B/M/WI MAX ALLOWABLE RATE OF PRODUCTION
MPRPW - (1) TABLE GIVING MULTIPLIER FOR RATE OF

PRODUCTION CAPACITY ADDITION
PRP - (B/M) PRODUCTIoN RATE FROM I¡'ELLS COMPLETED

UNDER PARTNERSHIP
TPII.IP - (W) TOTAL PRODUCTNG t',lELLS(COMPLETED UNDER

PARTNERSHI P )
PRF - (B/M) PRODUCTION RATE FROM FARMED OUT T¡,ELLS

TPWF - (I,') TOTAL PRODUCING FARMED OUT WELLS
IALP - ß/W/M, INITIAL VALUE OF ALLOWABLE RATE OF

PRODUCTION
TPRPI/I - ( 1 ) TABLE GIVING MULTIPLIERS FOR DESIRED

PRODUCTION RATE PER T¡,ELL PER MONTH

RCCL - (1) RATIO OF ACTUAL COMPANY'S LIFE TO

COMPANY'S DESIRED LIFE HORIZO

91,
92,
93,
94,

R
R

R

A

c
c

T
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The production rate for ¡vells completed solely by the firm (pnS, 9t)

is a product of the total number of producing wells completed solely (ttWS,

63), the naximum allowable rate of production (Al,l, 94) and is scaled up

and down by .a nultiplier (MPRPW, 95) which depends on the ratio of the

companyrs actual life horizon to the companyrs desired life horizon (nCCl,

166). The higher the ratio, the bigger will be the nuLtiplier. The rela-

tionship between lhe ratio (RCCL) and the nultiplier (!ÍPRPI{) is given as:

Ratio:
Gompany actual life horizon 0.2 0.6 I I.4
Gonpany desired life horizon

Multiplier for rate of
production capacity
addition

0.8 0.9 I l

This relationship can be interpreted as the company's managerial

policy to reduce production in reaction to falling reeerves to avoid the

catastrophe of running dry. Any other relationship could be used to re-

flect the different policies which the company can adopt. The same logic

applies to the production rate for wells conpleted under partnership (lRP,

92), and the production rate for farmed out wel.ls (PRI, 93).

the allowable rate of production (ALP, 94) is specified by the princi-

pal regulatory bodiee. The stated purpose of controlling the rate of

production, aleo known as ttprovationingtr, is to prevent naste of petroleum

by ensuring that the firm produces oil at an efficient rate; thereby con-

eerving reeervoir energy and naximizing the ultinate amount recovered. the

amount of the allowable rate that a well will be assigned is a composite of

two things: (1) physical characteristics of the reservoir and (2) current

eupply end demand conditione. Eor einplicity, this model assumes an ini-

tial allowable rate of 3500 barrels per well per nonth.
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Short and lone term average production rate: The equatione to compute the

averages are:

SHORT & LONG TERM AVERAGE PORDUCTION RATES

STAPS . K=STAPS . J+ ( DTlSTA5 ) * ( PRS . JK-STAPS . J )

STAPS=TPWS*NPRPWS
STAS=6
õiaõp . x=sr¡pp . ¡+ ( DrlsrAP ) * ( PRP . JK-srAPP . J )

ST A P P = T PI'lP * NP R Pl'rP
STAP=6
õiÂÞr.x=sr¡p¡. ¡+(DTl51¡¡ )*(PRF. JK-srAPF. J)
STÂPF =TPlrF *NPRPWF

STAF =6
iÀpns . r=¡-app5 . ¡+(Dr,/LTAs ) * ( PRs .,JK-LAPRS' .J )

LTAS=24
LAPRS=STAPS
üÞ;ip.i=lapnp.,J+(Dr,/LrAS)*(PRP' JK-LAPRP. J)

96,
96.
96.
97,
97.
97.
98,
98.
98.
99,
99.
oo
'too, L
100.1,

L
I, N
2, C

L
1,
2,

L
I,
2,

L
1, c
2, N

N
c

N
c

N
LAPRP=STAPP

STAPS

STAS

PRS

TPWS
NPRPT¡,S -

STAPP

STAP

(B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM T¡,ELLS DRI LLED SOLELY
(M) SMOOTHING FACTOR OF SHORT TERM AVERAGE'ÉeóoucrroN RAIE FoR t'tELLS DRILLED SoLELY
(B/M) PRODUCTION RATE FROM WELLS COMPLETED

SOLE LY
tw)-iõi¡l pRoDUcINc t,lELLS(coMPLETED SoLELY)

iaiwtul NoRMAL vALUE oF DESIRED PRoDUcTIoN
RATE PER WELL COMPLETED SOLELY

(B/M) SHORT TERM ÂVERAGE PRODUCTION RÂTE' 
Fnó¡¡ vlgLLs DRILLED UNDER PARTNERSHIP

(M) SMOOTHING FACTOR OF SHORT TERM AVERAGE' ÉnooucrloN RATE FoR wELLs DRILLED UNDER

PARTNERSHI P
(E/M) PNOOUCTION RATE FROM WELLS COMPLETED

UNDER PARTNERSHIP
(rrri TorAL PRoDUcING t.¡ELLS(coMPLETED UNDER

PARTNERSHI P )
telw/ul NoRMAL VALUE OF DESTRED PRODUCTIoN
'-irÀîe pER trELL coMPLETED UNDER PARTNERSHIP
(e/M) sHonr rERM avERAGE PRoDUcrroN RArE

FROM FARMED OUT I'TELLS
(M) i¡¡oornlNc FAcroR oF sHoRT TERM AVERAGE' 

ÞnooucrroN RATE FoR FARMED wELLS
(e/Mi pnooucrroN RATE FRoM FARMED our t"ELLs

iw') iorar- PRoDucINc FARMED our t',ELLs

ieii,t) t-o¡¡e rERM AVERAGE PRoDUcTIoN RÂTE

FROM t¡.lELLS COMPLETED SOLELY
(M) LONG TERM PRODUCTION AVERAGING TIME

iair'al LoÌ'¡e TERM AvERAGE PRoDUcTIoN RArE. .TNóT'I 
9,ELLS COMPLETED UNDER PARTNERSHIP

PRP

TPWP

NPRPI,.'P

STAPF

STAF

PRF
TPWF
LAPRS

LTAS
LAPRP
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This section calculatee the everage production rate for the past six

months and long tem average production rate for the last 2 years using

exponential smoothing functions. The short term everage production rete

from ¡¡ells drilled solely (stepS, 96), under partnership (stAtl, 97) and

f amed-out (5TAPF, 98) are computed . s inilarly the long ter:n averege

production rate for wells drilLed solely (l¿pnS, 99), and under partner-

ship (LAPRP, 100) are computed.
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FINANCIAL ACCOUNTING SECTOR

Price per barrel and cost of production assumptions: The equations repre-

aenting this part are:

** FINANCIAL ACCOUNTING SECTOR **
PRICE PER BARREL AND COST OF PRODUCTION

ASSUMPT IONS

PPB. K=PPB . J+DT* ( PCI F . JK*PB )
PPB=PB
PB= I8
PCI F . KL=PULSE ( IPIF,/DT, FP, IVL )
IPTF=O.
IVL= IOOO
FP= I 20
PCPB. K=SAMPLE( SPCPB .R, 12,2)
SPCPB. K=SPCPB. J+DT*(CI F , JK*CPB )
SPCPB=CPB
CPB=2

PPB
PCIF
PB
TPIF
PCPB
SPCPB
CIF
CPB

101, L
101 . 1,
101 .2 _

N
c

c
c
c

R

I,
2,
3,

A

L

102,
102.
102.
102.
l03,
1o4,
104 .

104.
($/B) PRICE PER BARREL
(I) RATIO REFLECTING RATE oF PRIcE INCREASE
($/B) BASE VALUE OF PRICE PER BÁRREL
( 1 ) PRICE INFLATION FACTOR
($/B) PRODUCTION COST PER BARREL
($/B) COST OF PRODUCTION PER BARREL
( 1 ) COST INFLATION FACTOR
($/B) INITIAL PRODUCTION COST PER BARREL AT

THE END OF THE YEÀR

I, N
2, C

the price per barreL (PPB, l0l) is initially assumed to be

per barrel. Production cost (pcrn, 103) is initially essumed

dollars per barrel. The production cost includes only lifting

portation cost. ExperirnentaL inputs (tcltr', 102; CIF, f10) are

allow prices and costs to be increased.

l8 dollars

to be tvro

and trans-

included to
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Explorat ion and developnent cost (¡¡el1s drilled solelY by company): The

equations representing this Part are:

EXPLORATION AND DEVELOPMENT COST
WELLS DRILLED SOLELY BY COMPANY

ACEPþJS. K=SAMPLE( SACES. K, I2, 3. 5E5 )
SACES . K=ECPEI¡JS . K+DÀEI¡,S, K
DAEWS. K=3E4
ECPEI¡'S.K=SAMPLE(NORMRN(MECS.K,SECS), t2,MECS.K)
SECS= I E4
MECS . K=MECS . J+DT* ( CI F . \rK*CES )
MECS=cES
CES=3Es
CI F . KL=PULSE ( ICI F/DT ,12, 12,
ICIF=O. I1O.l
ACDPI¡,IS.K=SAMPLE(SADES.K, 12,3E5) 1I I '
SADES.K=NORMRN( t.5,O. I )*ACEPWS.K 112'

ACEPWS - ( $/'¡' ) AVE COST OF EXPLORAT ION PER
|,JELL ( SHAR I NG )

SACES - ($/'d) SAMPLE VALUE OF ACERAGE COST OF

EXPLORATION PER WELL DRILLED SOLELY
EcPEwS - ($/t,) ESTIMATED CoST oF EXPLoRAÏIoN PER

trELL T0 BE DRILLED SOLELY
DAEt¡'S - ($/t.') DEVIATION OF ACTUAL COST OF

EXPLORATION PER IdELL FROM ESTIMATED COST
OF EXPLORATION PER WELL

MECS - ($/t,) MEAN VALUE 0F ESTIMATED coST 0F
EXPLORATION PER WELL DRILLED SOLELY

SECS - ($/t.,) STÂNDARD DEVIATION OF ESTIMATED COST
OF EXPLORAT¡ON PER !.lELL DRILLED SOLELY

CIF - (1) COST INFLATION FACTOR
CES - ($/W) BASE VALUE OF COST OF EXPLORATION PER

I¡JELL SOLELY

105,
106,
107,
108,
lo8. I
t09,
l09.
109.
110,

A
A
A
A

,c
L

I, N
2, C

R

,c
A

A

ICIF
ACDPWS -

SADES

(1) cos
($/r,r) A

t/ELL(
($/w) s

T INFLATION FACTOR
VE COST OF DEVELOPMENT PER
DRILLED SOLELY)
AMPLE VALUE OF AVERAGE COST OF

DEVELOPMENT PER WELL DRILLED SOLELY
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The exploration cost per well includes (1) expenses incurred in ob-

taining geological and geophysical infornation prior to drilling a well,

and (2) drilling costs in developing the well. The developrnent cost per

well are those incurred to bring the petroleum to the surface, euch as

casing, oil strings, christmas trees and etc.

It is assumed that the average cost of exploration per well (ACntWS,

f05) is the sum of a fixed cost asgociated with the procurement of geologi-

cal information (oerws, I07 ) (t¡ote: DAEI{S can easily be made into a vari-

able) and the estimated cost of exploration per well (nCpfWS, 108). The

estimated cost of exploration per well (nCpUWS, 108) is assuned to follow a

normal random distribution with rnean of 300,000 dollars and standard devia-

tion of 101000 doLlare. The model also asgumes that the development cost

per well (¡.ClpWS, lll) is a variable proportion of the exploration cost per

welL (ACnpWs, 105). the proportion is represented by a normal random

distribution ¡vith a mean of 1.5 and standard deviation of 0.1. Ihese

figures were obtained from interviens nith professors in the department of

Earth Science and the Natural Resource Institute of the University of

Manitoba, annual reports of a few oil companies, and publications by the

Canadian Government. Ttrey are typical figures for wel1s developed under

conventional methods as of 1980.
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Exploration and Development Gost (wells drilled under partnership): The

equations representing this part are:

WELLS DRILLED UNDER PARTNERSHIP

ACEPWP.K=SAMPLE(SACEP.K, I2,5E5) 1 T3,
SACEP.K=ECPEWP.K+DAEI'JS.K 114,
ECPEI.JP.K=SAMPLE(NORMRN(MECP.K,SECP),I2,MECP.K) I15,
SECP=3E4 1 15.
MECP.K=MECp..¡+D¡*(CIF.úK*CEP) 116,
MECP=CEP 1 16.
CEP=SES t t6.
ACDPI,JP , K=SAMPLE ( SADEP . K, 12, 5E5 ) 117 ,
SADEP,K=NORMRN( I.5,O.I )XACEPII.IP,K 1I8,

ACEPWP - ($/W) AVE COST OF EXPLORATION PER
WELL( SOLELY )

SACEP - ($/I,') SAMPLE VALUE OF AVERAGE COST OF
EXPLORATION PER V'ELL DRILLED UNDER
PARTNERSHI P

ECPEWP - ($/W) ESTIMATED COST OF EXPLORATION PER
T¡,ELL TO BE DRILLED UNDER PARTNERSHIP

DAEWS - ($/'d) DEVIATION OF ACTUAL COST OF
EXPLORATION PER I/,ELL FROM ESTIMATED COST
OF EXPLORATION PER I,.lELL

MECP - ($/W) MEAN VALUE OF ESTIMATED COST OF
EXPLORATION PER WELL DRILLED UNDER
PARTNERSHI P

SECP - ($/W) STANDARD DEVIATION OF ESTIMATED COST
OF EXPLORATION PER WELL DRILLED UNDER
PARTNERSHI P

CIF - (1) COST INFLÂTION FACTOR
CEP - ($/W) B,ISE VALUE OF MEAN VALUE oF coST oF

EXPLORATION PER IdELL DRILLED UNDER
PARTNERSHI P

ACDPWP - ($/tJ) AVE COST OF DEVELOPMENT PER þ/ELL(
SHARING )

SADEP - ($/T,.l) SAMPLE VALUE OF AVERAGE COST OF
DEVELOPMENT PER IJ,ELL DRILLED UNDER
PARÏNERSHI P

A

A
A

t, c
L

1, N
2,C

A
A
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The logic for equations 113 to ll8 is exactly the same as in equations

105 to tl2, except that the wells are drilled under partnership.
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Operat i Revenue: The equations representing this part are:

OPERATING REVENUE

TSRS. K=PP
TSRP. K=PP
TSRF.K=FF
FF=-12
TSALE . K=TSALE . ¡+97* (RSALE . üK-CBSALE . JK ) 122 '
TSALE=O 122.
CBSALE.KL=PULSE(TSALE'K/Dr,12,12) I23'
TSALER.K=SAMPLE(TSALE'K,12'4Ê'6, 124'
RSALE.KL=TSRS.K+TSRP.K+TSRF.K 125 '

TSRS . ($/M) SALES REVENUE RECEIVED FROM 
"JELLSDRILLEO SOLELY

PPB - ($/B) PRICE PER BARREL
STAPS - @/Iti, SHORT TERM AVERAGE PRODUCTION RATE

FROM WELLS DRILLED SOLELY
TSRP - ($/M) SALES REVENUE RECEIVED FROM I"ELLS

DRILLED UNDER PARTNERSHIP
STAPP - G/ì{i) SHORT TERM ÂVERÂGE PRODUCTION RATE

FROM WELLS DRILLEO UNDER PARTNERSHIP
TSRF - ($/M) SALES REVENUE PROCEEDING TO ÏHE

COMPANY FROM FARMEÐ OUT I¡'ELLS
FF - ( I ) PROPORTION OF SALES REVENUE FROM FARMED

OUT IdELLS

STAPF - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM FARMED OUT WELLS
TSALE - $) TOTAL SALES REVENUE
RSALE - ($/M) RATE OF SALES REVENUE RECEIVED PER

MONTH
CBSALE - ($/Y) CLOSING BALANCE FOR SALES REVENUE

TSALER - ($/Y) TOTAL SALES REVENUE REPORTED

B,K*STAPS.K
B. K*STAPP . K*O.5
*PPB.K*STAPF.K

1 19,
120,
121 ,
121 .1

A
A
A

,c
L
,N
R

A
R
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the eales revenue per month received from producing wells drilled

solely (mnS, tt9) is the product of the price per barrel (PPB, 101) and

the ehort tetr average production rate from wells drilled solely (STAPS,

e6).

As mentioned previously, the model essume a 50-50 partnership where

the cost of drilling and income are equally shared. As such, the sales

revenue received from ¡vells drilled under partnership (tSnp, f20) is sirnply

the product of price per barrel (PlB, l0l), the short te¡:m average produc-

tion rate from wells drilled under partnership (STAPP, 97) and 0.5. For

farmed-out welIs, the model assumes that L2i( (ff=0.I2) of. the sales revenue

received from famed-out nrells goes to the company (i.e., the total sales

revenue going to the company from farmed-out ¡ve11s (tSru', L2L) is the

product of the price per barrel (PPB, l0l), the short term average produc-

tion rate from farmed-out wells (sfAfr, 98) and 0.f2).

Ihe Èotal sales revenue (lsAlf, L22) is increased by Èhe rate of sales

revenue received per rnonth (nSAln, 125) until the end of the year where it

is then set to zero by the cLosing balance for sales revenue (CnSAln, f æ).

The rate of sal-es revenue received per month (nSAln, I25) is sinply the sum

of the sales revenue received per month frorn wells drilled solely (TSRS,

ll9), the sales revenue received per rnonth fron ¡vells drilled under part-

nership (tSRt, 120) and the sales revenue proceeding to the company from

f armed-out wells (tsnr, f 2f ) .
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Operating expenses: The equations representing operating expenses are:

OPERATING EXPENSES

RCP . KL=PCPB. K* ( STAPS. K+O. 5*STAPP. K )
RCES . KL=ACEPUTS . K*RCltrES . LIK

RCEP.KL=ACEPWP.K*RCWEP. iJK
RCCS . KL=ACDP!,JS . K*RRCI'JS . JK
RCCP. KL=ACDPWP. K*RRCI'JP ' JK
GAEXR . KL=FRSGA*RSALE, JK
FRSGA=O. 05
TEXp . K=TEXp . J+DT* ( RCP . JK+RCES . JK+RCCS . JK+O. 5*

(RCEP, JK+RCCP. ìJK)+TRP. JK+DDFL. JK+RCL' JK+GAEXR' JK+
RSPCPS , JK+O. 5*RSPCPP . JK-CEXP . JK )

TEXP=O
TEXPR. K=SAMPLE(TEXP.K, t2, 3E6 )
CEXP . KL=PULSE ( TEXP .K/DI , 12 , t2)
PBT. K=TSALER . K-TEXPR ' K
ATp. K=cLrp( ( l-TAX ) *pet. K, PBT. K, PBT.K,O)
TAX=O.4
RCL. KL=RLHOL . K*SMooTH( AcPA .R, 121
TRP.KL=RORP*RSALE.JK
RORP=O.15

RCP
PCPB
STAPS

STAPP

RCES

ACEPtIS

RCIJE S

RCEP

ACEPI¡JP

RCI/rEP

RCCS

ACDPWS

RRCWS

RCCP

ACDPtTP

RRCI¿rP

GAEXR

FRSGA

RSA LE

TEXP
TRP
DDFL

RCL
RSPCPS

RSPCPP

126, R

127, R
'I 28, R

f29, R

130, R

131, R

131.1, C

132, L

132 .2
133 ,
134 ,
'I 35,
'I 36,
136.1
137 ,
'I 38,
138.1

,N
A

R

A
A

,c
R

R

,c

CEXP
TEXPR
PBT
TSALER -
ATP
TAX
RLHOL
ACPA
RORP

($/M) COST OF PRODUCTION PER MONTH
($/B) PRODUCTION COST PER BARREL
(B/M) SHORT TERM AVERAGE PRODUCTION RAÏE

FROM WELLS DRILLED SOLELY
(B/M) SHORT TERM AVERAGE PRODUCTION RÂTE

FROM I¡,ELLS DRI LLED UNDER PARTNERSHIP
($/M) COST OF EXPLORÂTION(IIIELLS DRILLED

SOLELY )
($/W) AVE COST OF EXPLORATION PER

l,.lE LL ( SHAR I NG )
(I,J/M) RATE OF COMPLETION OF EXPLORATORY

DRILLING(l/'ELLS DRILLED SOLELY
($/M) COST OF EXPLORATION("'ELLS DRILLED

UNDER PARTNERSHIP)
($/T,') AVE COST OF EXPLORATION PER

WELL( SOLELY )
(I.J/M) RATE OF COMPLETION OF EXPLORATORY

DRILLING(WELLS DRILLED UNDER PARTNERSHIP
($/M) COST OF COMPLETTON(WELLS DRILLED

SOLELY )
($/þ,) AVE COST OF DEVELOPMENT PER

T¡JELL(DRILLED SOLELY )
(T^/,/M) RATE OF COMPLETION OF WELLS DRILLED

SOLE LY
($/M) COST OF COMPLETION(WELLS DRILLED

UNDER PARTNERSHIP)
($/I.') AVE COST OF DEVELOPMENT PER t''lELL(

SHAR I NG )
(T,,/M) RATE OF COMPLETION OF I¡,ELLS DRILLED

UNDER PARTNERSHIP
($/M) GENERAL AND ADMINISTRATION EXPENSES

RATE
( 1 ) FRACTION CHARGED TO GENERAL AND

ADMINISTRATION EXPENSES
($,/M) RATE OF SALÊS REVENUE RECEIVED PER

MONTH
($) TOTAL EXPENDITURE
($/M) ROYALTY PAYMENTS
($/M) DEPRECIATION AND DEPLETION CASH FLO"'

PER MONTH
($/M) COST OF ACREAGE
(S/M**2) RATE OF ADDITION OF INVESTMENT TO

PRODUCTION CAPACITY OF WELLS DRILLED
SOL E LY

tEil'r;;ãl RATE oF ADDTTIoN oF INVESTMENT ro
'-þnoouór¡oN cAPAcITY oF vlELLS DRILLED

UNDER PARTNERSHIP
tsTil ôr-oslNc BALANcE FoR EXPENDITURE

Ìózvi roraL EXPENDITURE REPoRTED
($/Y) PROFIT BEFORE TAX

Ìózvi roraL saLEs REVENUE REPoRTED
($/Y) AFTER TAX PROFIT
(1) TAX RATE
inónEs) AMouNr oF RAw LAND HoLDINGS
(E/acnE/m) AvE cosr oF AcREAGE
( r ) n¡re oF RoYALTY PAYMENTS
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The total cost of productioû per month (nCt, 126) ie the addition of

the cost, of production from wells drilled solely and the production cost of

production from wells drilled under partnership. The coet of production

from wells drilled solely is the product of the production cost per barrel

(pCpg, 103) and the ehort term average production rate from wells drilled

solely (STAPS, 96). the cost of production from wells drilled under

partnership is the product of the production cost per barrel (PCPB, 103),

the ehort t,erm average production rate from wells drilled under partnership

(Slelr, 97) and 0.5 (since the cost of production is ehared equally under

the partnership agreement) .

The cost of exploraÈion of wells drilled solely (nCnS, 127) is the

product of the average cost of explorat,ion per well drilled solely (ACEPffi,

105) and the rate of completion of exploratory wells drilled solely (nCWnS,

22). The cost of exploration for welIs drilled under partnership (nCnt,

128) follows the same logic.

The cost of cornpletion for weLls drilled solely (RCCS , I29) is the

product, of the cost of developrnent per r¡el1 for welle drilled solely

(lcDpI{S, lll) and the rate of conpletion of wells drilled solely (nnCwS,

59). The cost of conpletion of wells (drilled under partnership) (nCCl,

130) follows the eame logic.

It ie also assumed that the general and adninistrative expenses per

month (GAEXR, I3f) is a fixed percentage (fnSC¡.=O.05) of the sales revenue

per month (nsAr,n, L25).

the total expenditure (tExt, 132) includes,: (1) production coet (nCP,

L26), Q) exploration cost for wells drilled solel-y (ncss , I27), (3) com-

pletion cost for wells drilled solely (nccs, L29), (4) 50i', of the cost of

exploration for well.e drilled under partnership (nCUl, I28) and the cost of
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completion for wells drilled under partnership (nCCf, 130), (5) royalty

paymente (TRp, 138), (6) depreciation and depletion cash flow (lon, 139),

(7) co6t of leased acreage (nGl, L37), (8) general and ad¡ninistretive

expenses (CanXn, 131), (9) investment in production capacity addition for

welLs drilled solely (nSpCps , L52), and (10) 507" of the investnent in

production capacity addition for wells drilLed under partnership (nSfCtf,

r56 ) .

The end of the year expenditure (tnXPn, f33) is computed from this.

The profit before tax (lOT, 135) is sinply the difference betr¡een the total

sales revenue per year (tSAlnn, L2Ð and the total expenditure per year

(tuxtn, f33). After tax profit (ATP, f36) is assumed to be 60 percent of

the profit before tax (i.e., a 40 percent corPorate profit tar).

The cost of leased acreage per month (RCL, f37) is the Product of the

amount of ra\r land holdings (nLUOl,, 6) and the average cost to lease an

acre (aCfA, 2) smoothed out over the past 12 months. The royalty payments

per nonth (Tnf, f38) is a straight landor¡ners royalty. It entitles its

owner to receive a certain proportion of the value of production from a

lease, free from any expense of operation. In this nodel the royalty is

assumed to be 15 percent.
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Depreciation and depletion charges: the equations to represent these are:

DEPRECIATION AND DEPLETION

DDFL.KL=DECFL.ÚK+DPCFL.JK 139,
CFLOT¡,. K=ATP . K+TDFLR. K 14o,
TDDFL.K=TDDFL.J+DT*(DECFL.JK+DPCFL.JK-CBDFL.JK) 141,TDDFL=O 141.TDFLR.K=SAMPLE(TDDFL.K,12,96E3) 142,CBDFL,KL=PULSE(TDDFL.K/DT,12,12) 149,
DECFL. KL=DECFLS. dK+O.5*DECFLP . rrK 144,
DPCFL . KL=DPCFLS . dK+O. S*DPCFLP . JK 145 ,DECFLS.KL=CAPIPS.K,/AI/LS.K 146,DECFLP.KL=CAPIPP.K/A'dLP.K 147,DPCFLS.¡¡=(OINVS.K/TPRS.K)*STAPS.K 14A,DPCFLP.KL=(DINVP.K/TPRP.K)*STApp.K 14s,

DDFL - ($/M) DEPRECIATIoN AND DEPLETIoN CASH FLoI¡,
PER MONTH

$/M) DEPRECIATION CASH FLOW
$/M) DEPLETION CASH FLOI,J PER MONTH
$/Y) CASH FLOW
$/Y) AFTER TAX PROFIT
$/Y) DEPRECIATION AND DEPLETION CASH FLOW

REPORTED

R

A
L

I, N
A

R

R

R

R
R

R
R

DECF L
DPCFL
CFLOI,.l
AIP
TDFLR

TDDFL

CBDFL

DECFLS -

DECFLP -

DPCFLS -

DPCFLP -

CAPIPS -

AtrLS
CAPIPP -

AWLP
OINVS

ÏPRS

STAPS

DINVP

TPRP

STAPP

($) TOTAL DEPRECIATION AND DEPLETION CASH
FLOW

($/Y) CLOSING BALANCE FoR DEPREcIATIoN ÂND
DEPLETION CASH FLOI¡,

($/M) DEPRECIATIoN cAsH FLot., FRoM I¡,ELLS
DRILLED SOLELY

$,/M) DEPRECTATION CASH Fl-Oì,' FROM t,lELLS
DRILLED UNDER PARTNERSHIP

($/M) DEPLETION CASH FLOW PER MONTH FROM
I¡JELLS DRI LLED SOLELY TO t¡/ELLS DRILLED
SOLELY

($/M) DEPLETIoN cAsH FLoI., PER MoNTH FRoM
I,JELLS DRILLED UNDER PARTNERSHIP($) CÂPITAL INVESTMNT oN PRoDUcTIoN
CAPACITY FROM WELLS DRILLED SOLELY(M) AVE WELL LIFE(OWN SOLELY)($) CAPITAL INVESTMENT ON PRODUCTION
CAPACITY FROM T,,ELLS DRI LLED UNDER
PARTNERSHI P

(M) AVE IIIELL LIFE(SHARING)
($) CAPITAL INVESTMENT ON DEVELOPING THE

WELLS DRILLED SOLELY(B) TOTAL PROVEN RESERVES FROM I./ELLS
COMPLETED SOLELY

(B/M) SHoRT TERM AVERAGE PRooUcTIoN RATE
FROM WELLS DRILLED SOLELY($) CAPITAL INVESTMENT oN DEVELoPING THE
WELLS DRILI.ED UNDER PARTNERSHIP

(B) TOTAL PROVEN RESERVES FROM t¡'ELLS
COMPLETED UNDER PARTNERSHIP

(B/M) SHORT TERM AVERAGE PRODUCTION RATE
FROM þJELLS DRILLED UNDER PARTNERSHIP
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Depreciation and depLetion cash flor per month (ODtr't, 139) are calcu-

Lated from wells completed solely by the fim and under partner8hip. In

thie uodel a straight line depreciation technique is adopted to calculate

the depreciation cash flow from wells drilled solely (¡nCflS, L6) and

depreciation cash flow from wells drilled under partnership (DECFLP, L47).

In other words, an equal portion of the cost of the aseet is allocated to

each period of use (i.e., the depreciation cash flow is einply the ratio of

the capital inveetment on productiou eapacity (CApfpS, 151 and CAPIPP, f55)

to the average well life; AWLS, 65 and AI{LP, 68.

Natural resource such as mineral and oil are sometimes called wasting

assets. Depletion ie the gradual exhaustion of the original amounts of the

resources required. Depletion differs from depreciation because the former

focuses narrowly on a physical phenomenon and the latter focus more broadly

on any cause of the reduction of the economic value of a fixed asset. The

investment in natural resources may be likened to a lunp sun acquisition of

massive quantities of inventoriee under the ground (oil). Depletion is the

measure of that portion t'long term inventoryrr that is ueed up in a parti-

cular period. For example, a well, that cost $20 nillion and originally

contained an egtimated one nillion barrels of oil, has a depletion rate of

$20 per barrel. In this context, the depletion cash flow for wells drilled

soLely (UpCflS, 148) is the ratio of the capital investment on developing

the'wells drilled solely (¡fUVS, 157) to the total proven reserves from

welle completed solely (tpnS, 72) multiplied by the ehort term average

production rate fron wells drilled eolely (StlpS, 96). The depletion cash

flow for ¡relLe drílled under partnership (OpCflp, L49) follows the same

logic.
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FINANCIAJ. PERFORMANCE SECTOR

Return on investment: The equation representing this performance measure

1A:

** INVESTMENT FLOWS AND FINANCIAL PERFORMANCE
sEcToR **

RETURN ON INVESTMENT

ROI 150, A¡= ( Arp
ROI
ATP
TASSET

K*IOO)/TASSET.K
- (%/V ) RETURN ON INVESTMENT
- ($/Y) AFTER TAX PROFIT
- ($) TOTAL ASSETS
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After tax return on investment (ROt, 150) is sirnpLy the ratio of after

tax profit (Atl, 136) to the total assets of the compeny (TASSnt, 16l),

expressed as a percentage.
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Investment in development ¡vel1s (production capacitv): The equations

representing this investment are:

INVESTMENT TN DEVELOPMENT YELLS

CAPIPS,K=CAPIPS.J+DT*(RSPCPS.ÚK-DECFLS.ìJK) I5I,
CApIpS=BcApIS I51.
BCApIS= i2E4 151 .

RSpCpS. KL=RCpS.K*CApCAp.K 152,
CAPCAP.K=SAMPLE(SCAP,K,12,2O, 'I 53,
scAp.K=scAp.¿+97*(cIF.JK*ISCAP) ts¿,
SCAP=ISCAP 154.
ISCAp=2O 154.
CAPIPP.K=CAPIPP.¡+pTx(RSPCPP.TJK-DEcFLP.JK) 155'
CAprpp=BCAprp I55.
BCApIp=12E4 155.
RSpCpp.KL=Rcpp.K*CApCAp.K 156,
DINVS . K=DINVS . J+DT* ( RTCDS . JK-DPCFLS . JK ) 'I 57 ,

DINVS=3E5 157.
DINVP,K=DINVP.J+DT+(RTCDP,JK-DPCFLP.JK) I58,
DINVp=3ES 158.
RTCDS.KL=RRCWS. JK*ACDp¡¡S.K 159,
RTCDp.KL=RRCWp.JK*ÂCDpI¡,p.K 160,

CAPIPS - ($) CAPITAL INVESTMNT ON PRODUCTION
CAPACITY FRI)M WELLS DRILLED SOLELY

RSPCPS - ($/M*+2) RATE OF ADDITION OF INVESÏMENT TO
PRODUCTION CAPÂCITY OF WELLS DRILLED
SOL E LY

DECFLS - ($/M) DEPRECIATION CASH FLOW FROM I¡JELLS
DRILLED SOLELY

BCAPIS - ($) BASE VALUE OF CAPITAL INVESTMENT ON

PROOUCTION CAPACITY FOR I'JELLS DRI LLED
SOLELY

RCPS - (B/M**2) RATE OF ADDITION OF PRODUCTION
CAPACITY TO WELLS DRILLED SOLELY

CAPCAP - ($/(B/M)) C¡PTTAI INVESTMENT ON PRODUCTION
CAPACITY TO PRODUCE ONE BARREL OF OIL PER
MONTH

SCAP - ($/(B/M) ) SAMPLE VALUE OF CAPCAP
CIF - (1) COST INFLATION FACTOR
ISCAP - (S/B/M) COST OF ADDING PRODUCTION CAPACITY

TO PRODUCE ONE BARREL OF OIL PER MONTH
CÂPIPP - ($) CAPITAL INVESTMENT ON PRODUCÏION

CAPACITY FROM l,iELLS DRILLED UNDER
PARTNERSHI P

RSPCPP - ($/M**2) RATE OF ADDITION OF INVESTMENT TO
PRODUCTION CAPACITY OF T^JELLS DRILLED
UNDER PARTNERSHIP

DECFLP - $/M) DEPRECIATION CASH FLOI" FROM WELLS
DRILLED UNDER PARTNERSHIP

BCAPIP - ($) EASE VALUE OF CAPITAL INVESTMENT ON

PRODUCTTON CAPACITY FOR I¡IELLS DRILLED
UNDER PARTNERSHIP

RCPP - (B/U**Z) RATE OF ADDITION OF PRODUCTION
CAPACITY TO WELLS DRILLED UNDER
PARTNERSHI P

OINVS - ($) CAPITAL INVESTMENT ON DEVELOPING THE
t.JELLS DRILLEO SOLELY

RTCDS - ($/M) RATE OF ADDITION OF INVESTMENT ON

DEVELOPMENT TO WELLS DRILLED SOLELY
DPCFLS - ($/M) DEPLETION CASH FLOW PER MONTH FROM

Ì¡TELLS DRI LLED SOLELY TO ttrELLS DRI LLED
SOLE LY

DTNVP - ($) CAPITAL INVESTMENT ON DEVELOPING THE
T¡,ELLS DRILLED UNDER PÂRTNERSHIP

RTCDP - ($/M) RATE OF ADDITION OF INVESTMENT ON

DEVELOPMENT TO IdELLS DRILLED UNDER
PARTNERSHI P

DPCFLP - ($/M) DEPLETIoN CASH FLot¡, PER MONTH FR0M

WELLS DRILLED UNDER PARTNERSHIP
RRCI¡'S - (W/III) RATE OF COMPLETION OF T{ELLS DRILLED

SOLE LY
ACDPWS - ($/W) AVE COST OF DEVELOPMENT PER

þJELL(DRILLED SOLELY)
RRCWP - (W/M) RATE OF COMPLETION OF I'JELLS DRILLED

UNDER PARTNERSHIP
ACDPWP - ($/Ì,J) AVE coST OF DEVELOPMENT PER t'rELL(

SHAR ING )

L
I,
2,

R

A
L

1,
2,

L
I,
2,

R

L
I,

L
I,

R

R

N
c

N
c

N
c

N

N
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The capital investment in production capacity for wells drilled solely

(CnpfpS, l5l) is increased by the rate of addition of investment to produc-

tion capacity of wells drilled solely (nspCpS, 152) and reduced by the

depreciation cash f low from ¡yeLls drilled solely (OnCruS, Llß). The rate

of addition of investment to production capacity per month of wells drilled

solely (nSpCpS , L52) is sinply the product of the rate of addition of

producrion capacity to wells drilled solely (nCpS, 88) and the capital

investment needed to produce one barrel of oil per month (CAlCet, f53).

It is assumed that the capital investment needed to produce one barrel

of oil per month has an initial value of $ZO. The same Logic applies to

the capital investment in producÈion capacity for wells drilled under

partnership (cAltll, 155).

The book value of the capital investment in developing the wells

drilled solely (pfnVS, L57 ) is increased by the rate of addition of invest-

ment on development of wells drilled soLely (ntCnS, 159) and reduced by the

depletion cash f 1o¡¡ f ron weLls drilled solely (lpCruS, l4E). The rate of

addition of investment on developnent to wells drilled solely (ntCnS, 159)

is sinply the product of the rate of completion of wells drilled solely

(nnCWS, 59) and the everage cost of deveLopment for wells drilled solely

(eCOpWS, lll). The same logic appLies to the book value of the capital

investment on developing the wel.ls drilled under partnership (OttwP, 158).
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Total assets: The equations representing this âre:

TOTAL ASSETS

TAssET . K=TASSET . J+DT* ( RAAST . JK-ODFL . L,K )
TASSET=5EG
RAAST . KL=RSpCpS . JK+O.5*RSPCPP . JK+RTCDS . rJK+O. 5*

RTCDP. JK
ÏASSET -
RAAST
DDF L

161, L
161.1,
162, R

N

$) r
$/M )
$/M )

OTAL ASSETS
RATE OF ADDITION OF ASSETS
DEPRECIATION AND DEPLETION CASH FLOW

PER MONTH
($/M**2) RATE OF ADDITION OF INVESTMENT TO

PRODUCTION CAPACITY OF T¡,ELLS DRILLED
SOLELY

($/M*+2) RATE OF ADDITION OF INVESTMENT TO

PRODUCTION CAPACITY OF |¿JELLS DRILLED
UNDER PARTNERSHIP

($/M) RATE OF ADDITION OF INVESTMENT ON

DEVELOPMENT TO WELLS DRILLED SOLELY
($/M) RATE OF ADDTTION OF INVESTMENT ON

DEVELOPMENT TO IT,ELLS DRILLED UNDER
PARTNERSHI P

RSPCPS -

RSPCPP -

RTCDS

RTCDP
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of addition of assets (nÂasT, L62) and

depletion cash ftow (our¡,, 139).

increased by the rate

the depreciation and

the total assets of the firm (tAssnt, f6f) are

reduced by
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EXPLORATION POLICY SECTOR

The equations representing this sector ere:

** EXPLORATION POLICY SECTOR **

CAPTS.
CAPTP,
NVRES=
NVREP=

{AfI.K=r4BHL(rA86,RccL.K,o.2,1.4,o.4) res,TAB6=1.q/t.2/1/O.6 j6s.
RCCL. K=CL0 .R/GLH 166,CLH=24O 166.
CLO. K=TPRES. K/LAPR. K 167 ,LAPR.K=LAPRS.K+(O.5*LAPRP.K) 168,

CAPTS - ($/M) CAPITAL AVAILABLE FOR EXPLORATORY
DRILLING(SOLELY)

cFLOr¡' - ($/Y ) CasH rlow
NVRES - ( 1 ) NORMAL VALUE FOR FRACTION OF CASH FLOW

RETAINED FOR EXPLORATION SPENDING(DRILL
SoLELY )MAPT - ( I ) MULTIPLIER TO INCREASE EXPLORATION WHEN
COMPANY'S LIFE RATIO FALLS

CAPTP - ($/M) CAPITAL AVAILABLE FOR EXPLORATORY
DRI LL ING( PARTNERSHIP )

NVREP - ( T ) NORMAL VALUE FOR FRACTION OF CASH FLOV'
RETAINED FOR EXPLORATTON(DRILL UNDER
PARTNERSHI P )TA86 - (1) TABLE GIVING MULTIPLIER FOR EXPLORATION
SPENDI NG

RCCL - (T) NATTO OF ACTUAL COMPANY'S LIFE TO
COMPANY'S DESIRED LIFE HORIZO

CLO - (M) CoMPANY ACTUAL LIFE HoRIzoN
CLH - (M) COMPANY DESIRED LIFE HORIZON
TPRES - (B) TOTAL PROVEN RESERVES
LAPR - (B/M) LONG TERM AVERAGE PRODUCTION RATE
LAPRS - (B/M) LONG TERM AVERAGE PRODUCTION RATE

FROM II,ELLS coMPLETED SoLELY
LAPRP - (B/M) LONG TERM AVERAGE PRODUCTION RATE

FROM TdELLS COMPLETED UNDER PARTNERSHIP

x=(
r=(
o.3
o.4

MAX (CFLOr,r. K, o) *NVRES*MAPT . K) / tz
MAX ( cFLoW. K, O) *NVREP*MÁPT . K*2) / 12

163,
164,
164 .

164 .

A
A

I,
2,

Â

1, T
A

I, C
A

A

c
c
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The capital available for exploratory drilling (solely) (c¡,prs, 163)

is scaled up or down by a nul-tiplier (MAPT, 165). The rnultiplier (ltAlt,

f65) reflects the companyrs policy to release funds for exploration and

varies according to the values of the retio of actual companyrs life (C1,0,

f67) to the companyrs desired life horizon (CLH) see Figure 4.5. The

companyrs actuaL life time ie the tine by which it ¡rould go out of the

business, given average production over the previous two years, if no

further regerve were to be located. In this model it is assumed that the

nultiplier decreases as this ratio increases.



7T

Figure 4.5 RelationshÍp showing the racio of the acËua1 company
1Ífe horizon to the companyrs desíred lífe horizon and
Èhe exploratíon effort multiplier.
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CHAPTER 5

TIIE FREE RUNNING }TODEL

In this simulation run, the company is assumed to have conservative

production and exploration policies as described in equations 91, 92, and

equations 163, 164 and 165 respectively. The output of the selected per-

formance parameters are shown in Fig. 5.1, Fig. 5.2, Fig. 5.3 and Fig. 5.4

and will be used as a benchmark for future experiments.

As seen fron the figures, the cash flow, after-tax-profits, production

rate from wells drilled solely and under partnership, total proven reserves

and the number of exploratory wells (frorn those drilled solely and under

partnership) increases very slowly throughout the life span. During the

first five years (60 months) ttre return on investment fluctuates wildly and

stabilizes at an average of 12 percent after that. The exploratory farmed

out wells shows a cyclical behavior similar to that of the raw-land hold-

ings (rig. 5.4). This similarity in behavior can be explained by the fact

that the model assumes that norrnally 5 percent of the acquisition land is

famed out but up to L0"Å of the ra¡v-land holdings over a 5 year period may

be fa¡med out if the actual holdings exceed the desired holdings. So if

the ra¡¡-land holdings goes up, the farn-out acreage ¡rill also increase.

Now the rate of exploratory f amed out wel ls is simply the ratio of the

ratè of acreage farmed out over the spacing per ¡vell which is a constant.

T.tris explains the si¡nil-arity with the behavior on the raw-land holdings.

In this model it is assumed that the company rrill purchase land at an

"average price[ that reflects their geological infomation mix of good,

medium and poor infomation. fhis lrilL be reflected not only in the price
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but also in the mean of the dietribution of success in exploring.

Furthermore the coefficient of quality of geological informetion and

the mean of distribution of success in exploring are both assumed to follotv

a nomal distribution which results in the cycLical behavior of the raw-

land holdings. By the same logic, the rate of addition of the successful

exploratory farned out wells is simply assumed to follow a nomal distribu-

tion with mean 8 percent and standard deviation I percent of the explora-

tory farmed out wells. The total number of successful producing farned out

wells is a direct outcome of the successful exploratory farmed out wells.

the totel proven reserves is also obtained frorn the successful exploratory

farmed out rsells, but naturally they would be expected to exhibit the same

cyclical behaviors as shown in the figures.

An explanation of the behavior of the other plotted variables fol.lows.

Initially the amount of funds released by the company, be it for dril-ling

solely or under partnership, is not high enough to increase significantly

the successfuL number of exploratory wells. This in turn results only in a

narginal number of new producing wells being added per year. Conbining

this with the wearing out of the current producing wells, the net effect is

such that the production rate also remains quite stegnant over the years.

The income generated from the lor¡ production is not high enough for the

company to embark on more extensive exploratory dril.ling even if it so

desires (note that this model assumes that all the money used for explora-

Èion are generated internally without any external borro¡rings). As such

there is no significant addition to the total proven reserves. The low

proven reaervea affects the companyrs production policy by reducing its

production rate in order to conserve the reserves and to maintain its life
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horizon (note that the company I s actual life horizon = total proven re-

serves/long term average production rate). The cut in production rate per

well helps to stabilize the reserves which in turn increases the actual

life horizon of the company. In response to a longer life horizon, the

comparry releases less funds for exploration which shows down the explora-

tion rate. Thus the cycLe rePeats.

It is now quite clear that by adopting these conservative policies,

the company seems to remain stagnant and in t.imes of najor external shocks

Like a huge drop in oil prices, very low success rete, lo¡v reserves etc.,

the company might not be able to survive. It is thus interesting to find

out what exploration and production policies the company could pursue, how

the changes in the oil prices, reduction in the allowable rate of produc-

tion, etc., can affect the perfornance of the company. This is the subject

of Chapter 6.
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CHAPTER 6

EXPERII'TENTS I{ITH THE MODEL

In order to probe deeper into the behavior of the model to see ho!ù

various external shocks can affect the behavior of the model and to see how

the various exploration and production policies can be adopted to improve

the perfomance of the nodel, a few experimental runs nere conducted with

the cornparative plots of the various runs shoÌrn in Fig.6.l - Fig.6.L2.

Firet, we wiLl describe hotr the values of the different parameters

during the various runs are changed followed by the anaLysis of the re-

eult s .

Run l:

The allowable rate of production per well is reduced fron 3500 barrels per

month per weLl from year 10 onward to 3000 barrels per month per well i.e.

CIALP--500. This representB an authorized (by a Government Agency or

Comission) cut in production to conserve the natural resource.

Run 2:

the success rate of the wildcat exploratory dritling (drilled soleLy and

under partnership) are reduced from 15 percent to t0 percent i.e. I{SR.S=

0 . 1, l¡Ii RP=0 .1 .

Run 3:

In this run the company adopts a production policy which is more reactive

to reserves compared to the free running nodel. It adjusts its production

rate by a bigger margín than the normal run in response to the company's

actual life horizon í.e. T TPRTI¡ = 0.6 l0.9lLlI (see TABLE 6.f ).



TABLE 6.1 Production Polícy with respect to Oil Reserves

1.6

NORMAL (RUN 0)

MORE REACTIVE (RUN 3) TO RESERVES

r.4

MORE AGGRESSIVE (RUN 4)

r.2

80

FuIl Production

at allowed rate

L.2 r.4

LPI^l

:E OF

}DUCTION

,TIPLIER

H

l,I )

2

Production
Policy with
respect to
Reserves

NORMAL

MORE

REACTIVE

MORE

AGGRESSIVE
STANCE

I t-

r

6

.4 6

RCCL RATIO: CO. LIFE HORIZON/DESIRED LIFE

PERCEIVED STATE OF OIL RESERVES (RCCL)

Very Low Low Satisfactory High

.2 .6 I r.4

.B .9 I

.6

1I

I

1

I

I

1

B

1o



TABLE 6.2 Exploration Policy with respect to 0i1 Reserves

1.6

8t

\PT

PLORATION

FORT

LT

MAPT

Tab. 6)

L.4

r.2

.8

Exploration
Policy with
respect to
Reserves

Normal

More
Aggressíve
Stance

.2 .4
RCCL (RATIO:

a

NORMAL (RUN O)

MORE AGGRESSIVE

r.2

1

6

4

.6 .8 1

COMPANY LIFE HORIZON/DESIRED LIFE

PERCEIVED STATE OF OIL RESERVES

r.4

Very Low

2

L.4

Low

6

L.2

Satisfactory

1

1.1

High

L.4

0.6

1.6 L.24 1.1 0.7
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Run 4:

In this run the company adopts a much more aggressive stance by adopting

the follo¡ring policiesl

(l) Produce at a rate near the maxinum allowable production rate i.e.

T TPRTW = 0.9/l/t/1 (see TABLE 6.1) and,

Q) Increases more drastically the funds for exploration in response

to a decliue in the companyrs actual life horizon i.e. TA86 =

L.6 11.24/L .L I 0 .7 (eee TABLE 6 .2) .

Run 5

In this run the oil price increases

$20.70 per barrel.

by 15 percent from year l0 onrrards to

Run 6:

In this run the oil price decreases by 15 percent from year l0 onrvards to

$15.30 per barrel.
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Analysis of the reeulte of the various runs:

By going through the comparative ploto of the various runs as shown in

Figures 6.1 - 6.12 the following observations are noted:

l. Run 6 exhibits the worst performance in the various perfornance para-

meters after year ten, and run 5 gives the best performance after year

ten. These results ehow that oil price is the most crucial factor in

detemining the prof itabitity of the oil company. This aspect agrees

favourably with the general behavior of the oil industry. The raising

of oiI prices increases sharply the eash flow of the company (it is

aseumed that the company can sell all it produces at rshatever the

market price, shich is not unrealistic in the current oil industry

situation), ¡rhich in turn enables the company to release significantly

more money for exploration, resulting in more successful development

and thus more producing wells being built. This boosts up the produc-

tion rate. Although the total proven reserves are being depleted by

the production, the addition of proven reserves as a reeult of the

more active exploration activitíes more than compensates for the loss

of the total proven reserves through the increased production. As a

result the total proven reserves also increase throughout the sinulated

period. The depressing performance es exhibited in run 6 can be

explained by the fact that the cash flow is generally too low (as a

- result of the lo¡v after tax profit) to maíntain a proper exploration

program, ¡rhich ie the most vital activity of an oil company. Oil is a

depletable product requiring continuous exploration to replenish it.

Thie causes a stagnation of the company. The best control policies

could not help to check the deteriorating perforrnance if there is not

enough cash flow to start with.
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2 In run 2, the success rate of the erploratory wild cat wells drilled

solely as well as under partnershiP are assumed to be l0 percent as

compared to the national average of 15 percent in the normal run. As

expected, this cauees a dramatic deterioration in the Bystem perfor-

mance as conpared to the normal run and doee not need much explana-

tion. It ie seen that the exploratory drilling rate in run 2 ís

generally higher than in run I though the total proven reserves in run

2 ís significantly lo¡rer than those in run t. The gap becomes rnore

prominent aB the years pass by. There ie almost no discernible dif-

ference in the long tprm average production rate betrseen run I and run

2. these behaviors can be explained by noting that in run 2, aB a

response to the falLing reserves, the company releases more funds for

explorat,ion in the hope of checking its falling reserves and to main-

tain its life horizon. Furthermore, the exploration funds come from

the cash flo¡v and there is not rnuch difference in the cash flow be-

tween run I and run 2. The result ie that the exploratory drilling

rate is higher in run 2 than in run l. Unfortunatley the Buccess rate

for exploratory dril.ling (sild cat wells) in run 2 is lower than in

run 2 (10 percenÈ vereus 15 percent), thie results in a lor¡er number

of welle being successfully developed over the years for run 2 as

compared to rutr l. Since the producing we116 come from the success-

fully developed weIle, we see fron figure 6.6 that the total producing

welle in run 2 ie lol¡er than in run l. Tl" long tern average produc-

tion rate is sinilar for run I and run 2 because, in run l, the quota

of aLLowable production rate after the tenth year is lower thus effec-

tively reeËricting its production rate. Now since run I has signifi-
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3.

cant1y more producing wells than in run 2 nith no diecernible differ-

ence in the production rate, naturally the total proven reserves in

run I is higher than in run 2 (figure 6.4) . Lastly we oee that over

the years the cash flow for run I is simil.ar to run 2. This is be-

cause

(a) run I and run 2 have similar production rate generating more or

less the seme revenue

(b) run 2 has higher exploration cost associated with the higher

exploration rate and the lower development cost associated sith

the lor¡er developnnent rate due to low succees rate in exploratory

wild cat drilling. On the other hand, run I has lorrer exploration

cost aseociated with the lower exploratory drilling rate and the

higher developrnent cost associated with the higher development

rate. The net effect is a sinilar total cost.

(c) ttre production cost ie ahnost the sane due to similar production

rate.

(d) Other expenges are insignificant compared to the exploration,

develop,nent and production cost.

the net effect ie the sinilarity in the cash flow.

Run 3 represents an increase in the sensitivity to reserves whereby

the company adjuste its production rate by a bigger margin in response

to its actual life horizon, aB compared to the nornal run (run 0).

Interestingly it ie noted that in this run the performance is worse

than in run 0 in terms of the total Proven reeerves, cash flow, long
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4.

term average production rate, total producing wells, after tax profit

and the return on investnent. OveralL the system behaves quite eini-

larily to run I and run 2. A possible explanation of this behavior in

rutr 3 night be that as the company tries to release nore funds for

exploration in response to the perception of ite actual life horizon,

the amount of funds released is not large enough to have any signifi-

cant impact on the exploration rate, thus the nurnber of new successful

exploratory wells only increases rnarginally and so does the number of

new producing wells. Now the total proven reserves is being depleted

by the produetion and with no significant addition of new Buccessfully

developed wells, the company, in order to maintain its life horizon,

reduces the production rate too drastically which reduces the revenue.

the reduction in revenue in turn brings down the cash flo¡s and thus

the funds for expl.oration" The cycle thus repeats" This suggests

that the company needs to exercise a more careful balance in the

controlling of production rate and allocation of exploration funds.

This leads to run 4.

In run 4 the company adopts a more aggressive policy. It ehows a

dramatic improvement in the various performance parameters over the

other rune and even comparee favourably rvith run 5. It is seen that

in run 4, the average production rate and the proven reservee increase

sharply over the years as compared to the reet. The return on inveet-

ment remains at a healthy L2 percent, w'hich ie the oil industryrs

average. In this run, the company is able to generate a healthy cash

flow from its production, enabling it to embark on more arnbitious

exploration program. The exploration activity pays off nicely result-
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ing in significant addition of successfully developed we1le. Although

the company does react to its changing reserves by adjusting its

exploration funds, the amount of funds released more than compensate

for the,riek involved in exploration. All in all, barring the uncon-

trollable force of oil price fluctuations and exceptional succe6s

rat.e, run 4 gives the best performance compared to the other runs.

Some Concluding Remarks

The above experiments are not meant to give definite answers, but are

chosen to stimulate thought, so that the inÈerested readers night be en-

couraged to experiment further to find the most desirable policies under

varying constraints.
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CHAPTER 7

CONCLUS IONS AND I}TPLICATION

This thesis has described the development and application of a contin-

uous simulation feedback model to an inveetigation of the dynanic relation-

ships governing production, proven reserves, cash flow, return on invest-

ment and other financial factors in a hypothetical independent oil com-

pany. There ie need for analytical approaches to aid understanding of the

many complex issues involved. It has been demonstrated hor¿ the model is

capable of aiding such understanding. By its ability to link together

exploration, production, information and caeh flows, it has considerable

potential for policy design at all levels of an organization and it is

capable of reducing difficult concepts t,o easily understandable graphical

reeults of trends through time. These dynanic facilities give the method a

eignificant advantage over other methods of aggregate financial analysis.

Alternatively, the model can be turned into a research or training game

where the participants make the pol,icy decieione, and the sinulation model

getrerates the performance indicee upon which the next round of decieione

¡vill be nade (Eall, f 973). Gaming þnano (Pugh-Roberts Associates) is an

appropriate simulation language for this purpose. Eopefully by experiment-

ing with the model, the oil erecutives could gain valuable insight and

search for policies that will not onLy counter deteriorating syetem beha-

vior but will aleo be robust against uncontrollable shocks on the system

(HaI1,1980)

One of the. major aeeumptions in the model is that alL the capital for

exploration, development, production and other expenses were derived from

internally generated caeh flows. this night be unrealistic in real life
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situations trhere the oil companies borrow heavily to finance its opera-

tions. This suggests that the model could be expanded to incorporate ideas

on the financial aspects. More specifically, the model does not include

(l) tong-ter¡n debt financing

(2) Earnitrgs cover for interest charges

(3) Short-term liquidity ratio and the proportion of long term and

short term finance (See tr. Shehata, 1976).

Moreover the t,axation is treated very eirnply.

The author feels that none of the above aspects are particularly

difficult to model in the sense of calculating the required quantitiee--the

najor difficulty lies in discovering how they are used in corporete poli-

cies. According to circumstances this can be approached by doing a case

study in an actual oil company. Quite often it is not necessary t,o make a

very detailed and complicated nodel of the company to trap the essence of

t,he real-world phenomenon. It is thus hoped that the oil company planners

could be interested to take this embryonic model-, expand on the f inancial

sector and/or other sectors which they are particularly concerned, adapt it

to their own organizatione and use it either for their planning purposes or

as a training aid.
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* SIMULATION MODEL OF AN OIL COMPANY
NOTE
NOTE ALL MONEY VÂLUES
NOTE EXPRESSED IN CANADIAN CONSTANT DOLLARS
NOTE
NOTE
NOTE ** LEASE SECTOR **
NOTE
NOTE QUALITY OF GEOLOGICAL INFORMATION
NOÏE
Â ÂCPA.K=TABHL(TABI.QCGI .K, 1,4, I )
r rAB 1=5/7 / 10/'14
A QCGI .K=SAMPLE(NORMRN(MQC, SOC) ,3,MOC)
C MQC=2.5
c SQC=O.6
NOTE
NOTE DIVISION OF RÂI,, LAND HOLOINGS
NOTE
A RLA.K=TABHL(TAB2,ACPA.K, 6, 14,2)*APB/ 12
C ÂPB=8O
T TAB2=15/20/40/35/30
R RALA.KL=RLA.K+MAX(DRHOL.K-RLHOL,K.O)/MEXP
N RÁLA=RLA
L RLHOL.K=RLHOL.!,+DT*(RALA.LIK-RULDS.,JK-RULDP.LIK-RULFO.IJK-RLEXP.JK)
N RLHOL=BRLHOL
c BRLHoL=3OOO
R RULDS.KL=AREXPS. úK+SPW
R RULDP.KL=AREXPP. rJK*SPW
c SPW=4O
C MEXP=6O
A RULFON. K=ARALÂ . K+PFO
C PFO=O. 05
R RULFO.KL=RULFON.K+MIN(MFO*RLHOL.K,MAX(RLHoL.K-DRHOL.K,O))/MEXP
N RULFO=RULFON
c MFO=. I

A ANRULD. K=SMOq1H( RULDS . JK+RULDp . IJK+RULFON. K, TTARA )
C TTARÀ= I 2
A DRHOL . K=ANRULD . K*MEXP
A ARALA . K=SMOOTH( RALA , JK, MEXP )
A ARULD . K=SM0OTH( RULOS . JK+RULDP . JK+RULFO . JK, MEXP )
R RLEXP . KL=ARALA . K-ÂRULD. K

EXPLORATION SECTOR

EXPLORATION RATES OF RAW LAND HOLDINGS
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10090
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to too
10 to1
10102
10110
r0111
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10130
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10154
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1o170
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10185
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10200
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7
I
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't2
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14
15

l6
17
18

19
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E

E

E

E

E

NOT
NOT
NOT
NOT
NOT
A EXPF . K=RULFO. JKlSPl.,
R AREXPS. KL=MIN(CAPTS. K/ECPEI¡'S. K, RLHO
R AREXPP.KL=MIN(CAPTP.K/ECPEI,'P.K,RLHO
N PDS=O.5/ 12
N PDP=O.4/ 12
NOTE
NOTE RATE OF DRILLING l¡'ILDCAT & DEVELOPMENÏ SOLELY BY COMPANY
NOTE
A WAREXS.K=WS*AREXPS. JK
A DAREXS.K=( 1-VrS)*AREXPS. LtK
C WS=O.7
L TWES . K=TrrrES . \r+DT* ( AREXPS . dK-RCWES . LtK )

L.K
L.K

*PDS/SPT,J )
*PDP/SPt¡, )

tÉ
ts
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25
26

27
2A

22

23
24

3l
32

41
42
43

45
46

N TWES=3
R RCITES.KL=DELAY3(AREXPS.rJK,DCE)
C DcE= l8
NOTE
NOTE UNDER PÂRINERSHIP
NOTE
Â hTAREXP . K=IdP*ÀREXPP . rJK
A DAREXP.K=( 1-WP)*4pg¡pP. r*
C trP=O. 7
NOTE
NOTE SUCCESS IN DRILLING EXPLORAÏORY h,ILDCAT I¡IELLS:
NOTE SOLELY BY COMPANY
NOTE
R T.'RSEI,JS . KL=SAMPLE ( NORMRN( I..IMSES . K, WSSES . K ), I, I¡JMSES . K )
A ITMSES . K=I¡ISRS*VTAREXS . K
C l¡rSRS=O.15
A vTSSES.K=O.Ol*h,AREXS.K
L t TSEI¡JS. K=trTSEtl,S. J+DT*WRSEI¡JS. iJK
N WTSEIT| S=BSEI¡IS
C BSEt¡rS=2
NOTE
NOTE UNDER PARTNERSHIP
NOTE
R T.'RSEWP.KL=SAMPLE(NORMRN(MSEP.K, SSEP.K), l,MSEP.K)
A MSEP. K=WSRPtWAREXP. K
C vrSRP=O. t5
A SSEP. K=O. O1*hJAREXP. K
L V,TSEI¡IP . K=I¡JTSEU,P . J+DT*IdRSEhIP . JK
N V/ïSEIJP=BSEt¡JP
C BSEWP=2
NOTE
NOTE SUCCESS IN DRILLING DEVELOPMENT WELLS
NOTE SOLELY BY COMPANY
NOTE
R DRSEI,'S.KL=SAMPLE(NORMRN(DMSES,K,DSSES.K), l,DMSES.K)
A DMSES. K=DSRS*DAREXS. K
c DSRS=O.8
A DSSES . K=O. 05*DAREXS. K
L DTSEI¡,S . K=DTSEVIS . iJ+DT*DRSEtrrs . JK
N DTSEWS=O
R ïRSEllIS. KL=hrRSEhrS. L,K+DRSEI'S . dK
L Tt¡/SES . K=Tt¡rSES . J+DÎ* ( TRSETJS . JK )
N TttlSES=4
NOTE
NOÏE UNDER PARTNEI{SHIP
NOTE
R DRSEII,P.KL=SAMPLE(NoRMRN(DMSEP.K,DSSEP.K), 1,DMSEP.K)
L TI¡'EP.K=TI¡'EP.r'+DT*(AREXPP.JK-RCWEP.JK)
N ThrEP=3
R RctirEP.KL=DELAY3(AREXPP.JK,DCE)
R TRSEWP . KL=WRSEWP. JK+DRSEITP. JK
L TWSEP.K=TtrtSEP.J+DT*(TRSEWP.JK)
N T[TSEP=4
A DMSEP. K=DSRP*DAREXP. K
C DSRP=O.7
A DSSEP . K=O. 05*DÂREXP . K
L DTSET{P . K=DTSEt{fP . J+DT*DRSEUTP . JK
N DTSEWP=O

10. 10211
10. 10220
10. 10221
10.'to222
10.10223
10. 10224
lo.l0230
1o.10240
10.10241
10. 10242
10. 10243
10. 10244
10. 10245
10.10250
10.10260
10.10261
10.10270
10. r0280
10. 1028 I
10.10282
10.10283
ro.1o284
'lo. r0285
10.10290
10. r0300
10.10301
10. ro3ro
10.10320
10.1o321
10. 10322
10. 10323
10. 10324
10.10325
'lo. 10326
10.10330
10.10340
10.1034 1

10. 't0350
10.10360
JO.10361
10.10370
ro.10380
1o.10381
1o.10382
lo. t0383
1o.10384
10.10390
10.10400
10. 10401
lo.104 10
10. 10420
ro. t0430
10.10431
lo.'t0440
10 . 1044 1

10. 10450
'to. 't0460
10.10461

29
30

33
34

35
36

37
38

39
40
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NOT
NOT
NOT

E
E

E

J

FARMED OUT

EI¡IF . KL=SAMPLE (NORMRN(MSEF . K, SSEF . K ), 1, MSEF . K )
MSEF. K=WSRF*EXPF . K
hISRF=O. 08
SSEF.K=O.Ol*EXPF.K
TtrSEF . K=TttlSE F . J+DT*RSEltrF . rJK

TWSEF=BSEtrF
BSEWF=O

ro. n0462
'to. f 0463
10. û0464
10. f0470
10. n0480
10. to48 l
10. t0490
10. no500
10. ro50r
10.10502
10. f0503
10. 00504
10. Í0505
10.'105 10
10.10520
10. nos30
to. n0540
lo. îo54 t
lo. 10s50
10.10560
10. n0570
10.10580
10. {0590
'to.10600
10.10601
10.10602
'to.106 10
'to. 10620
10.10621
10. 10622
10.10623
10.10624
10.10625
ro. r0630
ro.10631
1o.10640
to.10650
'to.1065 

1

10.10652
to.10653
1o.10654
1o.10660
fo.1066 1

10.10670
1o.10680
10.10681
lo. 't0682
'to. 10683
1o.10684
10..l0690
1o.1069 1

10.10700
10.107ro
'to. 107 t 1

10. 107 12
10. 107 r 3
10. r07 l4
10.107 l5

47
4A

49
50

RR
A
c
A
L
N
c

5l
52
53
54

NOTE
NOTE COMPLETION STAGE SECTOR
NOTE

I,'RÂSCS . K=DLINF3 ( WRSEWS . dK, DECP )
WRASCP . K=DLINF3 ( IllRSEI',P , JK, DECP )
ORASCS . K=DL I NF3 ( DRSEWS . JK , DECP )
DRASCP . K=DLINF3 ( DRSEITP . JK, DECP )
DECP= 1 2
Rchrs. KL=DRASCS. K+UTRASCS. K
RCIJP. KL=DRASCP . K+WRASCP . K
RCWF . KL=DELAY3 ( RSEwF . dK, DECP )
RRchlF . KL=DELAY3 ( RCWF . JK, DEc
RRCl,rS . KL=DELAY3 ( RCþ.IS . JK, DEC

A
A
A
A

c
R

R
R

R
R

L
N
c
R
L
N

55
56
57
58
59
60

6r
62

63

64
65

66

67
68

69

70
71

)
)

TC!dS . K=TCtrtS . J+DT* ( RCtrS . JK-RRChtS . JK )
TCWS=2
DEC=24
RRCtrlp . KL=DELAy3 ( Rcl,rP . JK , DEC )
TCtrlP . K=TCWP. J+DT* ( RCI¡rP . JK-RRCl,rP . .JK )
TCþIP= 1

NOTE
NOTE PRODUCING IJELLS SECTOR:
NOTE COMPLETED SOLELY BY COMPANY
NOÏE
L TPICS . K=TPtrtS. J+DT* ( RRCWS. rJK-RDPVTS . JK )
N TP1¡JS=4
R RDPI,JS , KL=TPT.'S . K,/AT,'LS. K
A AWLS . K= (URFS*TPRS . K )/STAPS . K
c URFS=O. I
NOTE
NOTE COMPLETED UNDER PARTNERSHIP
NOTE
L TPWP , K=TPWP . ¿+97* ( RRCWP . JK-RDPWP . JK )
N TPt¡rP=4
R RDPWP . KL=TPhIP . K,/AbJLP . K
A AI,JLP,K=(URFP*TPRP.K)/STAPP,K
C URFP=O.8
NOTE
NOTE COMPLETED UNDER FARM OUT
NOTE
L TPWF . K=TPWF . J+DT* ( RRCl¡tF . LIK-RoPI,F . JK )
N . TPWF=2
R RDPWF . KL=TPWF . K/AT¡'LF . K
A AI¡'LF.K=(URFF*TPRF.K),/STAPF.K
C URFF=O.8
NOTE
NOTE PROVEN h'ELLS SECTOR:
NOTE COMPLETED BY COMPÂNY
NOTE

tÉ
(J)



L TPRS . K=TPRS . d+DTx ( RPRS . L,K-PRS . JK )
N TPRS=BTPRS
C BTPRS=2 .'8EG
R RPRS . KL=APURS, K*RRCWS . dK
A APURS . K=SAMPLE ( SAPURS .K, 12 ,4Ê5)
A SAPURS.K=NORMRN(MPRS.K,SPRS)
A MPRS.K=TABHL(TAB7,QCGITLP.K,1,4,1)
T TABT=385/585/aE5/ 186
C SPRS=8E3
A QCGITLP.K=DELAY3(QCGI .R,42)
NOTE
NOTE COMPLETED UNDER PARTNERSHIP
NOTE
L TPRP.K=TPRP. J+DT*(RPRP. JK-PRP. iJK)
N TPRP=BTPRP
C BTPRP= l.sEG
R RPRP.KL=APURP.K*RRCb,lP.dK
A APURP.K=SAMPLE(SAPURP.K,12,5E5)
A SAPURP . K=NoRMRN( MPRP . K , SPRP )
A MPRP.K=TABHL(TAB8,QCGITLP.K,1,4,1)
T TABe=aEs/sE5/ BEs,/ i E6
C SPRP=sE3
A TPRES.K=TPRS.K+(O.5*TPRP,K)
NOTE
NOTE COMPLETED UNDER FARM OUT
NOTE

APURF. K=SAMPLE(SÂPURF . K, 12, 3E5
SAPURF . K=NORMRN(MPRF, SPRF
MPRF=3E5
TpRF . K=TpRF . d+Dt* ( RPRF . dK-pRF . JK )
TPRF=BTPRF
BTPRF =5E5
RPRF . KL=ÂPURF . K*RRCh,F . rJK
SPRF =5E4

NOTE
NOTE PRODÚCTION CAPACITY SECTOR
NOTE
NOTE WELL COMPLETED SOLELY BY COMPANY
NOTE
A RCPS . K=RRCtttS . rJK*NPRPhTS
C NPRPþJS=3SOO
NOÏE
NOTE b/ELLS COMPLETED UNDER PARTNERSHIP
NOTE
A RCPP . K=RRCWP. JK*NPRP'¿rP
C NPRPWP=35OO
NOTE
NOTE h'ELLS COMPLEIED UNDER FARM OUT
NOTE
A RCPF . K=RRCWF . JK*NPRPWF
C NPRPhIF=3OOO
NOTE
NOIE PRODUCTION SECTOR
NOTE
R PRS.KL=TPWS.K*ALP.K*MPRPW.K
R PRP . KL=TPh/P . K*ALP. K*MPRPhr. K
R PRF . KL=TPtrlF . K*ALP . K*MPRPW . K
A ALP.K=IALP+STEP(CIALP,120)

A
A
c
L
N
c
R

c

88

89

90

91
92
93
94

10.10720
10. 10721
10. 10722
10. t0730
10 . 107 40
10.10750
10.10760
'to. l076 t

10.10762
10 - 10770
10.10771
10. 10772
10. t0773
10. 10780
ro.10781
10.10782
'lo.10790
ro.10800
1o.108 lo
10.10820
10. 1082 -r

10. 10822
'to. ro830
10.10831
'to. 10832
10. r0833
'to.10840
lo. l0850
10. 1085 I
10.10860
1o.1086't
lo. r0862
ro. l0870
10. 1087'l
ro.10872
ro.10873
10.10874
10. t0875
'to. t0876
to.10880
10.10881
ro.10882
10.1o883
to. t0884
10.10890
lo. lo89 l
'lo. 10892
10.10893
10.10894
10.10900
1o.10901
1o.10902
10.10903
lo.l0904
ro.10s10
to. t0920
ro. r0930
10.'t0940
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95

96

97

98

99

loo

C IÂLP=3.5E3
C CIALP=O,
A MPRPI¡I.K=TABHL(TPRPrrr,RCCL.K,O. 2, 1.4,O.4)
T TPRP1T=O.8/ .9/ 1/ 1

NOTE
NOTE SHORT & LONG TERM AVERAGE PORDUCTTON RATES
NOTE
L STApS.K=STApS. J+(DT,/STAS)*(pRS. JK-STAPS.d)
N STAPS=TPh/S*NPRPIdS
C 5TÂ5=6
L STAPP.K=STAPP.J+(DT,/STAP)*(PRP.TJK-STAPP.ìJ)
N STÂPP=TPWP*NPRPWP
C STAP=6
L STAPF.K=STAPF.ìJ+(DTlSTAF)*(PRF.JK-STAPF.d)
N STAPF =TPWF*NPRPI¡lF
C STÂF=6
L LAPRS,K=LAPRS,.I+(DTILTAS¡*(PRS.JK-LAPRS,J)
C LTAS=24
N LAPRS=STAPS
L LAPRP,K=LAPRP,.I+(OTlLTAS)*(PRP.JK-LAPRP.J)
N LAPRP=STAPP
NOTE
NOTE ** FINANCIAL ÂCCOUNTING SECTOR X*
NOTE
NOTE PRICE PER BARREL AND COST OF PRODUCTTON ASSUMPTIONS
NOTE
L PPB.K=PPB.\r+DT*(PCIF. úK*PB)
N PPB=PB
c PB= 18
R PcI F . KL=PULSE ( IPI F/DT , FP, IVL )
C IPIF=O.
c IVL=IOOO
C FP=12O
A PCPB . K=SAMPLE ( SPCPB .R,'t2,2)
L SPCPB.K=SPCPB.LI+DT*(CIF.JK*CPB)
N SPCPB=CPB
c cPB=2
NOTE
NOTE EXPLORATION AND DEVELOPMENT COST:
NOTE r¡/ELLS DRILLED SOLELY BY COMPANY
NOTE
A AcEPWS . K=SAMPLE ( SACES . K , 1 2 , 3 . 5E5 )
A SACES . K=ECPEWS . K+DAEWS . K
A DAEIdS . K=3E4
a EcpErds.K=SAMpLE(NORMRN(MECS.K,SECS), l2,MECS.K)
C SECS= I E4
L MECS.K=MECS.J+DT*(CrF.JK*cES)
N MECS=CES
c CES=3E5
R CIF.KL=PULSE(ICIFIDT,12,12)
C ICIF=O.
A ACDPWS . K=SAMPLE ( SADES . K, 1 2 , 3E5 )
Â SADES . K=NORMRN( 1 .5, O. 1 ) *ACEPltrS . K
NOÏE
NOTE þ'ELLS DRILLED UNDER PARÏNERSHIP
NOTE
Â ÂCEPU,P.K=SAMPLE(SACEP.K, 12, 5E5)
A SACEP - K=ECPEWP . K+DAEWS. K

'to.lo94 I
10. 10942
ro.10950
10. togsl
10..l0952
10. ro953
10.10954
10.10960
1o.1096 I
10.10962
'to. r0970
10. to971
10.10972
10.10980
10. 1098 I
1o.10982
ro.10990
lo. to991
ro.,lo992
f o. r 1000
ro. r 100 1

10r

102

103
104

f05
106
107
108

l09

tlo

lo
10
10
to
10
to
10
10
10
'to
10
to
lo
10
ro
10
10
to
10
10
'to
ro
10
lo
lo
lo
to
lo
to
10
'to
'to
10
10
10
'to
to

110
120
121
122
123
130
140

I 1002
loo3
1004
1005
1006
10 10
1011
1012
1020
1021
1022
1023
't030
to40
104 1

1042
1043

11044
1 1045
I l046
1 1050
I 1060
1 1070
1 1080
1108 1

'I 1090
ltog I
1 1092
11100
lltot

111
112

113
114
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119
120
121

122

115

116

117
118

123
124
125

133
134
135
136

126
127
124
129
130
't 31

'i.32

A ECPEI{P.K=SAMPLE(NoRMRN(MECP.K,SECP),12,MECP'K)
c SECP=3E4
L MEcp.K=MEcp.J+DT*(cIF.JK*cEp)
N MECP=CEP
C CEP=SES
A ACDPI,IP . K=SAMPLE ( SADEP . K, J 2,5E5 )
A SADEP.K=NORMRN( T.5.O. I )*ACEPU'P.K
NOTE
NOTE OPERATING REVENUE
NOTE
A TSRS.K=PPB.K*STAPS.K
A TSRP . K=PPB . K*STAPP . K*O. 5
A TSRF.K=FF*PPB.K*STAPF.K
C FF=. 12
L TSALE . K=TSALE . d+DT* ( RSAL E , JK-CBSALE , JK )
N TSÂLE=O
R CBSALE . KL=pULSE ( TSÂLE .R/DÎ , 12 , 12)
A TSALER.K=SAMPLE(TSALE.R,12,4E6)
R RSALE . KL=TSRS . K+TSRP . K+TSRF . K

NOTE
NOTE OPERATING EXPENSES
NOTE
R RCP.KL=PCPB.K*(STAPS.K+O.5*5T¡tt.*,
R RCES . KL=ACEPWS . K*RCtt,ES . dK
R RCEP . KL=ACEPWP . K*RCtdEP . JK
R RCCS. KL=ACDPWS. K*RRCWS. JK
R RCCP . KL=ACDPt¡lP . K*RRCWP . JK
R GAEXR.KL=FRSGA*RSALE. JK
c FRSGA=O.Os
L TEXP. K=TEXP. J+DT*(RCP. JK+RCES. IJK+RCCS. JK+O.5*(RCEP. JK+RCCP. JK)+
X TRP , JK+DDFL. JK+RCL. JK+GAEXR , JK+RSPCPS. JK+O.5*RSPCPP . JK-CEXP . JK )
N TEXP=O
A TEXPR.K=SAMPLE(TEXP.K,12,3EG)
R cEXp . KL=pULSE ( TEXp . K,/Dr , 12 , t2l
A PBT. X=rS¡teR. K-TEXPR. K
A ÂTP.K=CLIP((I-TAX)*PAT.K,PBT,K,PBT.K,O)
C TAX=O.4
R RCL.KL=RLHOL.K*SMOOTH(ACPA.K,12)
R TRP . KL=RORP*RSALE . JK
c RORP=O.15
NOTE
NOTE DEPRECIÂTION AND DEPLETION
NOÏE
R DDFL.KL=DECFL. JK+DPCFL. JK

CFLOb,. K=ATP . K+ÏDFLR . K
TDDFL. K=TDDFL . ¡+97* ( DECFL . JK+DPCF L . JK-CBDFL . JK )
ïDDFL=O
TDFLR , K=SAMPLE (
cBDFL.KL=PULSE(
DECFL.KL=DECFLS
DPCFL . KL=DPCFLS

10
10
lo
10
10
10
10
to
'to
10
to
10
10
10
ro
'to
10
10
10
10
10
10
10
10
10
10
lo
JO
10
'to
10
10
to
10
lo
10
10
10
10
10
10
10
lo
10
10
10
10
10
10
lo
lo
10
to
to
to
lo
10
10

11150
11151
'I l 160
11161
'I 1 162
11170
'I 1180
11181
'I I 182
11183
I r't90
.t r 200
112',tO
11211
1 1220
1 1221
I 1230
1 1240
'I 1250
11251
't't252
'I 1253
1 1260
1 1270
11280
1 1290
1 1300
113lO
1131 |
'I r 320
1't321
1 1322
1 1330
1 1340
r 13so
r 1360
I136 I
I 1370
11380
1138.|
I 1382
1 1383
I 1384
1 1390
I 1400
11410
1t4l l
1 1420
1 1430
1 1440
1 1450
1't460
1 1470
I r480
1 1490
11491
11492
I r493

137
134

t39
140
141

142
143
144
145
146
147
148
149

A
L
N
A
R

R

R
R
R
R

R

NOT
NOT
NOT

DEGFLS. KL=CAPIPS .K/ 
^vtLDECFLP. KL=CAPIPP .R/ 
^WLDPcFLS. ç¡= (DINVS .R/TPR

DpCFLp . KL= ( DtNVp . K/TPR

TDDFL.K.12.96E3)
TDDFL .K/DT , 12, 12,
. JK+O. 5*DECFLP . JK
LtK+o.5 DPCFLP . JK

K
K
K ) *STAP
K)*STAP

s
P

S
P

o\S.K
P.K

E

E

E

INVESTMENT FLol,rS AND FINANCIAL PERFORMANCE SECTOR **



150

151

NOTE RETURN ON INVESTMENT
NOTE
A ROr .K=(ATP.K*lOO)/TASSET.K
NOTE
NOTE INVESTMENT IN OEVELOPMENT WELLS
NOTE
L CAPIPS.K=CAPIPS.J+DT*(RSPCPS. JK-DECFLS. JK)
N CAPIPS=BCAPIS
C BCAPIS= 12E4
R RSPCPS. KL=RCPS. K*CAPCAP. K
A CAPcAP.K=SAMPLE(ScAP.K,12,zru-)
L SCAP. K=SCAP. J+DT*(CIF . JK*ISCAP )
N SCAP=ISCAP
C ISCAP=2O
L CAPIPP.K=CAPIPP.J+DT*(RSPCPP.TJK-DECFLP.JK)
N CAPIPP=BCAPIP
C BCAPIP=12E4
R RSPCPP . KL=RCPP . K*CAPCAP . K
L DINVS . K=DINVS . J+DT* ( NTCOS . JK-DPCFLS . dK )
N DINVS=3ES
L DINVP.K=DINVP.J+DT*(RTCDP.JK-DPCFLP.JK)
N DINVP=3ES
R RTCDS. KL=RRCI'JS . JK*ACDPWS . K
R RTCDP . KL=RRCt¡lP . JK*ACDPWP . K
NOTE
NOTE TOTÂL ASSETS
NOTE
L TASSET . K=TASSET . J+DT* ( RAAST . úK-DDFL . JK )
N TASSET=5EG
R RAAST . KL=RSPCPS . \rK+O. S*RSPCPP . LIK+RTCDS . JK+O.S*RTCDP . JK
NOTE
NOTE ** EXPLORÂTION POLICY SECTOR **
NOTE
A CAPTS.K=(MAX(CFLOr.r.K,O)*NVRES*MAPT .Kl / 12
A CAPTP.K=(MAX(CFLOI,'.K,O)*NVREP*MAPÎ.K*2)/12
c NVRES=O.3
C NVREP=O.4
A MAPT.K=TABHL(T486,RccL.K,O.2,1.4,O.4,
T TA86=1.4/1.2/1/O.6
A RCCL.K=CLO.K/CLH
c CLH=24O
A CLO . K=TPRES . K,/LAPR . K
A LAPR.K=LAPRS.K+(O.5*LAPRP,K)
NOTE
NOTE OUTPUT AND CONTROL SECÏOR
NOTE
PRINT I )TtrES, TbrEP, TttrSES, Tl.,SEP, TtdSEF , TCWS , TCWP
PRINT 2)PPB,PCPB,DECFL,DPCFL
PRINT 3)STAPS,STAPP,STAPF, LAPRS, LAPRP, LÂPR
PRINT 4)PRS,PRP,PRF,MPRPW
PRINT 5 )TPT¡'S, TPT¡'P, TPWF, A"JLS, AWLP, AI"LF
PRINT 6 )TPRS, TPRP, TPRF , TPRES
PRINT 7)V,TSEV.,S, WTSEWP,DTSE'¡,S, DTSEWP, RCCL
PRINT 8 )TASSET, PBT, CAPIPS, CAPIPP, DINVS, DINVP
PRINT 9)TSALER,CFLOt,',ATP,ROI, TEXPR,MAPT
PRINT IO)RLHOL,RALÂ, RULDS,RULDP, RULFO, RULFON, RLEXP
PRINT I 1 )ARALA, ARULD, ANRULD,DRHOL
PRINT 12)AREXPS,ÂREXPP, EXPF ;CAPTS,CAPTP

10, t .l494
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'to. I 1502
'to. I r 503
10. I tSlo
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C LENGTH=48O, DÎ=O. 5 , PRTPER= I 2 , PLTPER= 1 2 , SAVPER= I 2
pLoT ppB=$( 18, sO)/TPRES=B/aTP=T
* Ps¡ =fi/cFLoþ'=Ö/LAPR=P
SAVE TPRES, ATP, ROI , CFLOh', LAPR
PLOT RLA/RALA/TI,JES/WRSEI,'S,/WRSEWP/TRSE!,,S/TRSEWP/RSEWF/TCWS/TCI'JP
PLoT TP'¡,S,/TPUIP /lPlwF / TPRS/TPRP,/TPRF
PLOT PRS,/PRP,/PRF/LAPR
P LOT R LHOL/AR EXPS,/AR ÊXPP / EXP F / CAPTS/CAPTP
RUN RUNO FREE RUNNING MODEL

to. 1 1697
ro. t 1698
ro. 11699
10. 11701
lo. r 1702
10. r r 703
'to. 1 1704
10.1 1705
ro. 1 1706

F
co



ALL MONEY VALUES
EXPRESSED IN CÂNADIÀN CONSTANT DOLLARS
** LEASE SECTOR *x
QUALITY OF GEOLOGICAL INFORMATION

ACPA.K=TABHL(TABI,QCGI.K, T,4, 1 )
T^81=s/7 / 10/ 14
QCGL K=SAMPLE ( NoRMRN( MOC, SOC ) , 3, MaC )
MQc=2.5
SQC=O.6

ACPA - ($/ACRE/M) AVE COST OF ÀCREAGE
TAB.I - ($/ACRE/M) TABLE GIVING COST OF ACREAGE

QCGT - (1) OUALITY COEFFICTENT OF GEOLOGICAL

MQC
INFORMAT I ON

(1) MEAN SUALITY COEFFICIENT OF GEOLOGICAL
INFORMATION

(T) sTa¡¡oARD DEVIATION OF QUALITY
COEFFTCIENT OF GEOLOGICAL INFORMATION

sQc

2,^
2.1, f
3, A

3.1, C

3.2, C

\o



PAGE 2 .SII,TULATION HODÊL OF ÂN OIL COÍPAN\ 11/24/A3

DTVISION OF RAÍ LAND HOLDINGS

RLA.K.TABHL(laB2.ACPA.K,6, r4,21'^PA/ 12
APB.AO
f 
^82,15/20/ 

40/35/30
RALA . KL.RLA . K+tlax (DRHoL . K-RLHOL . K, O )/ilEXP
RÂ LA.RLA
RLHOL.X=RLHOL. J+Dlr( RALA. JK-RULDS. JK-RULDP. ¡JK-

RULFO . JK-RLEXP . JK )
RLHoL-BRLHOL
BRLHOL.3OOO
RULDS. KL.AREXPS. JK'SPY
RULDP . KL-AREXPP - JKtSPI{
SPU.4O
i¡t€XP=60
RULFON. K.ARALA . X'PFO
PFo.O. 05
RULFO . KL=RULFON. K+MfN( I¡IFOIRLHOL . K, ¡IAX ( RLHOL . K-

DRHOL-K,O))/MEXP
RULFO-RULFON lo. I,
t4FO.. t 1O.2,
ANRULO . K.SMOOTH( RULDS . JK+RULDP . ¡JK+RULFON . K ' fTARA ) I I ' A

TTÂRA=|2 ll.l,
ORHOL.K.ANRULD.X'Í¡IEXP 12. A

ARALÂ.K.SI¡iOOTH(RALA.JK.¡IEXP) 13' A

ARULD.K.ST{OOTH(RULDS.JK+RULDP.JX+RULFO.JK'II€XP) I4. A

RLEXP.KL=ÂRALA.K-ARULD.K 15. R

RLA - (ACRES/II} RAIE OF ACOUISITION OF ACREAGE

TÂ82 - (ELOCKS/Y) TÂBLE GIVING BLOCKS OF ACREÁGE

ACOUIR€O PER YEÂR
ACPA - (¡/ACRE/il) AVE COST OF ÂCREAGE
APB - (ACRES/BLOCK) ACRES PER BLOCK OF ÂCREAGE

ÂCOUI RED
RÂLA - (ACRES/M) RATE OF ACOUTSITION OF ACREAGE

PER i,IONTH
DESIRED ÀI'OUNT OF RÀI LÀND HOLDINGS
AIIOUNÎ OF RAH LAND HOLOINGS

M) EXPIRY ÍIIIE OF RÂU LAND HOLDINGS
ÂCRES/H) RATE OF USÂG€ OF RÂY LAND

HOLDINGS FOR EXPLORAÎORY DRILLING
(DRILLEO SOLELY )

(ACRES/II) RATE OF USÂGE OF RÂU LAND
HOLOINGS FOR EXPLORATORY DRTLLING(ORILLED
UNDER PARINERSHIP)

(ACRES/¡') RAÍE OF ACREAGE FÂRIIED OUT
(ÂCRES/¡.4) RAIE OF EXPIRY OF RAI' LAND

HOLD I NGS
(ÂCRES) BASE VÂLUE OF RAY LAND HOLDINGS
(hIl¡I) ACTUÂL RÂTE OF EXPLORAIORY

DRI LL ING( SOLELY )
(ACRES/9) SPACING PER YELL
(W/M) ACÍUAL RÀfÉ OF EXPLORÂÍORY

DRILLING( PARTNERSHIP )
(ACRES/T') RATE OF ACRÊAGE NORi'IALLY FÄRMED

OUT
(ACRES/I.I) AV.RATE OF ACOUISII¡ON OF ACEEAGE

OVER AV.TII¡iE OF LEASES
(I) PROPORfION OF RAW LAND HOLD¡NGS FARI,IED

oul
( I ) t Âx FRACTION oF ÀCR€ÂGE FÀRrtlED OUI
(ACRES/M) ÂVERAGE NORi'AL RÂfÊ OF USÂGE OF

RAW LÄND HOLDINGS
(M) TTI{E IO ÂVERÀGE RÂIE OF ÂCOUISIÎION OF

4, 
^4.1, c

4-2, r
5. R

5. t. N
6. L

6.1, N
6.2, C

7. R

I, R

8. r. c
a.2. c
I, A
9.1, c
ro, R

N

c

ORHOL
RLHOL
TIE XP
RULDS

ÂCRES
ÂCRE S

RULDP

RULFO
RLEXP

BRLHOL
AREXPS

SPU
AR EXPP

RULFON

ARÂ LA

PFO

irFo
ANRULD

TTÂRA

tÉP



AV. . TIME OF LEASES

tË
H
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EXPLORATION SECTOR
EXpLoRATIoN RATES oF RAt.¡ lÅ¡¡o notorrues

EXpF.K=RULFS.JKISpW 16, A

ÂREXPS.KL=MIN(CAPTS.K/ECPE'¡'S.K,RLI{OL.K*PDS/SP'¡') I7. R

AREXPP.KL=MIN(CAPTP.K/ECPET''P.K,RLHOL.K*PDPISPW) I8' R

pDS=O.s/12 18.1, N
pDp=O.4/12 18.2, N

EXPF - (T.'/M) RATE OF EXPLORATORY DRILLING OF

FARMED OUT I,,ELLS
RULFO - (ACRES/M) RATE OF ACREAGE FARMED OUT

SPtr, - (ACRES,/W) SPÂCING PER t'rELL
ÂREXPS - (''lM) ACTUAL RATE OF EXPLORATORY

DRILLING(SOLELY)
CAPTS - ($/M) CAPITÂL AVAILABLE FOR EXPLORATORY

DR I LLI NG ( SOLE LY )
ECPEI..IS - ($/VJ) ESTIMATED COST OF EXPLORATION PER

þ,ELL TO BE DRILLED SOLELY
RLHOL - (ACRES) AMOUNT OF RAb' LAND HOLDINGS
PDS - ( I/M) PROPORTION OF RAW LÂND HOLDINGS TO BE

USED FOR SOLE DRILLING
AREXPP - ("'/M) ACTUAL RATE OF EXPLORATORY

DRI LLING( PARTNERSHI P )
CÂPTP - ($/M) CAPITAL AVAILABLE FOR EXPLORATORY

DRT LLING( PARTNERSHI P )
ECPEWP - ($/t,) ESTIMATED CoST 0F EXPLoRATIoN PER

IdELL TO BE DRILLED UNDER PARTNERSHIP
PDP - (1/VI) PROPORTION OF RAT.J LAND HOLDINGS TO BE

USED FOR DRILLING UNDER PARTNERSHIP

RATE OF DRILLING hIILDCAT & DEVELOPMENT SOLELY BY
COMPANY

WAREXS. K=¡IS*AREXpS. rJK 19, A

DAREXS . K= ( 1 -WS ) *AREXPS . JK 20, A

VJS=O.7 2O.1. C

TU,ES.K=T1rIES. J+DT*(AREXPS. JK-RCI,,ES. JK) 21 , L
TWES=3 21.1, N

RCt¡rES.KL=DELAY3(AREXPS.ltK,DCE) 22, R

DcE= t8 22.1 , C

I,'AREXS - (W/IT) RÂTE OF EXPLORATORY DRILLING (I'JILD
CAT þJELLS DRILLED SOLELY)

WS - ( T ) PROPORTION OF RÂTE OF EXPLORATORY
DRILLING(DRILLED SOLELY)T,'HICH IS I¡.lTLD CAT
b,E LLS

AREXPS - (W/M) ACTUAL RATE OF EXPLORATORY
DR I LL I NG ( SOLELY )

DAREXS - (VI/IÍi) RATE OF EXPLORATORY
DRILLING(DEVELOPMENT I..lELLS DRILLED
SOLELY )

TWES - (I,J) TOTAL WELLS IN EXPLORÂTION
PROCESS(DRILLED SOLELY )

RC'¡,ES - (W/M) RATE OF COMPLETION OF EXPLORATORY
DRILLING(WELLS DRILLED SOLELY

DCE - (M) DELAY IN COMPLETING THE EXPLORATION

ts
¡.J



UNDER PARTNERSHIP

h,AREXP. K=h|P*AREXPP. JK 23, 
^DAREXP . K= ( I -WP ) *AREXPP . JK 24, A

Wp=O. 7 24 .'1 ,

WAREXP - (T.,/M) RATE OF EXPLORATORY DRILLING (T.,ILD
CAT WELLS DRILLED UNDER PARTNERSHIP)

WP _ ( 1 ) PROPORTION OF RATE OF EXPLORAÏORY
DRILLING I¡,ITH PARTNER WHICH ARE WTLD CAT
þJELLS

AREXPP - ("J/M) ACTUAL RATE OF EXPLORATORY
DR I LLI NG ( PARTNERSHI P )

DAREXP - ('JÚlM) RATE OF EXPLORATORY DRILLING(
DEVELOPMENT VJELLS DRILLRD UNDER
PARTNERSHI P )

SUCCESS IN DRILLING EXPLORATORY WILDCAT WELLS
SOLELY BY COMPANY

c

trRsEtrs. KL=sÂMPLE ( NORMRN( 
"TMSES 

. K,1¡TSSES . K )
ltIMSES . K=I¡ISRS*ldAR EXS . K
WSRS=O. I s
WSSES . K=O. Ol *WAREXS. K
1,,TSET{S . K=KITSEU,S. J+DT*h,RSEVüS . r,K
l¡TTSEWS=BSEhrS
BSEh,S=2

WRSEWS -
I,JMSES

r.rssES

h,SRS

ITAREXS -

trrTsElr/S -
BSEWS

WMSES.K) 2s, R

A

,c
A

L

26,
26.1
27,
24,
2A-1 N

c
(trlM) RATE OF AODITION OF

EXPLORÄTORY WILD CAT I.,EL
(T.',/M) MEAN VALUE OF RATE O

SUCCESSFUL EXPLORATORY W

DRILLED SOLEY

24 .2,
SUCCESSFUL
LS DRILLEO SOLELY
F ADDITION OF
ILD CÂT ITELLS

(v,/M) STANDARD DEVIATION OF RATE OF

ÂDDITION. oF SUCCESSFUL EXPLoRATORY rrrILD

CAT tTELLS DRILLED S0LEY
( 1) SUCCESS RATIO OF EXPLORATORY I',ILD CAÏ

h,ELLS DRTLLED SOLELY
(T'lM) RATE OF EXPLORATORY DRILLING (I.JILD

CAT WELLS DRILLED SOLELY)
(V,') CUMULATIVE NUMBER OF SUCCESSFUL

EXPLORATORY V'ILD CAT U'ELLS DRILLED SOLELY
(W) BASE VALUE OF SUCCESSFUL EXPLORATORY

',,ILD CAT V,ELLS DRILLED SOLELY

UJH
(Ð



UNDER PARTNERSHTP

h,RSEI"P.KL=SÂMPLE(NORMRN(MSEP,K,SS€P.K), 1,MSEP.K) 29, R

MSEP.K=1.,SRP*WAREXP.K 30, A

wSRp=O.1S 3O.1, c
SSEP . K=O. Oi *brAREXp . K 31 , A

t¡rTSEbrP . K=Ì,,TSE1¡/P . J+DT*trrRSEtrP . JK 32 ' L
llTSElrrP=BSEl,lP 32.1, N

BSEtdp=2 32.2, c
h,RSEt"P - (I¡ÚlM) RATE OF ADDITION OF SUCCESSFUL

EXPLORATORY Ì.,ILD CAT I,,ELLS DRILLED UNDER
PARTNERSHIP

MSEP - (þ'lM) MEAN VALUE OF RATE OF ADDITION OF

SUCCESSFUL EXPLORATORY t'rILD CAT WELLS
DRILLED UNDER PARTNERSHIP

SSEP - (I.'/M) STANDARD DEVIATION OF RATE OF
AODITION OF SUCCESSFUL EXPLORATORY hIILD
CAT IfIELLS DRILLED UNDER PARTNERSHIP

T¡'SRP - (1) SUCCESS RATIO OF EXPLORATORY WILD CÄT
$,ELLS DRILLED UNDER PARTNERSHTP

WAREXP - ("'/M} RATE OF EXPLORATORY DRILLING (WILD
CAT b'ELLS DRILLED UNDER PARTNERSHIP)

t¡rTSEt¡rP - (t.,) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY h'ILD CAT WELLS DRILLED UNDER
PARTNERSHIP

BSET.'P . (I¡') BASE VALUE OF TOTAL NUMBER OF

SUCCESSFUL EXPLORATORY WILD CAT I,,ELLS
DRILLED UNOER PARTNERSHIP

t¡lF
à.



SUCCESS IN DRILLING DEVELOPMENT V'ELLS
SOLELY BY COMPANY

DRSEþ'S.KL=SAMPLE(NORMRN(DMSES.K,DSSES,K). 1,DMSES.K) 33,
OMSES.K=DSRS*DAREXS.K 34,
DSRS=O. E 34 .

DSSES. K=O. OS*DAREXS . K 35,
DTSET¡'IS . K=DTSEWS . J+DT*DRSEI'rS . JK 36,
DTSET¡rS=O 36.
TRSEITS . KL=llRSEl¡lS . JK+DRSETTJS . JK 37 ,
TIITSES . K=TWSES . J+DT* ( TRSE'¡'S . \rK ) 38 ,
Tt¡rSES=4 38.

DRSEWS - (W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY'DEVELOPMENT' WELLS DRILLED
SOLE LY

DMSES - ('¿JlM) MEAN VALUE OF RATE OF ADDITION OF
SUCCESSFUL EXPLoRATORY DEVELOPMENT l¡TELLS
DRILLED SOLELY

DSSES - (VI/M) STANDARD DEVIATION OF RATE OF
ÂDDITION OF SUCCESSFUL EXPLORATORY '
DEVELOPMENT'rrrELLS DRILLED SOLELY DT (M)
SOLUTION INTERVAL

DSRS . ( 1 ) SUCCESS RATIO OF EXPLORATORY "
DEVELOPMENT" h'ELLS DRILLED SOLELY

ÐAREXS - (VI|¡III RATE OF EXPLORATORY
DRILLING(DEVELOPMENT I,JELLS DRILLED
SoLELY )

DTSET,'JS - (W) CUMULATIVE NUMBER oF SUCCESSFUL
EXPLORATORY'DEVELOPMENT' I,JELLS DRILLED
SOLELY

TRSEVJS - (T,'/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY h'ELLS DRILLED SOLELY

(',,/M) RATE. oF AÐDITIoN oF SUCCESSFUL
EXPLORATORY I,/ILD CÂT WELLS DRILLED SOLELY

(t,,) CUMULATIVE NUMBER oF SUccESSFUL
EXPLORATORY r¡TELLS DRILLED SOLELY

R

A

I, C
A

L
'I , N

R
L

1, N

l,rRSEl.rS -
ÏWSES

w
ts
(¡l



IJNDER PARINEI,,SHIP

DRSET.'P.KL=SAMPLE(NORMRN(DMSEP.K,DSSEP.K), 1,DMSEP.K) 39,
ThlEp.K=Tt'tEp. J+DT*(AREXPP. JK-RCWEP. JK) 40,
TtrrlEP=3 40.
Rct{EP.KL=DELAY3(AREXPP.JK,DCE) 41,
TRSEV'IP . KL=T¡'IRSEI¡I/P . JK+DRSEhIP. dK 42 'ThrsEp.K=Tt¡,sEP.J+DT*(TRSEWP.JK) 43,
TþlSEp=4 43.
DMSEP.K=DSRP*DAREXP.K 44,
DSRp=O.7 44 .

DSSEP.K=O.O5*DAREXP.K 45 '
DTSEh,P, K=DTSEþ,P . d+DT*DRSE1.{P . JK 46 'DTSEWp=O 46.

DRSEIdP - (W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY'DEVELOPMENT" l¡TELLS DRILLED
UNDER PARTNERSHIP

DMSEP - (W/M) MEAN VALUE OF RATE OF ADDITION OF

SUCCESSFUL EXPLORATORY DEVELOPMENT IdELLS
DRILLED UNDER PARTNERSHIP

DSSEP - (W/M) STÂNDÂRD DEVIATION OF RÀTE OF
ADDITION OF SUCCESSFUL EXPLORATORY "
DEVELOPMENTil h'ELLS DRILLED UNDER
PARTNERSHI P

Tl,rEP - (W) TOTAL l,rELLS IN EXPLORAÏION
PROCESS(DRILLED UNDER PARTNERSHIP)

AREXPP - (UI/M) ACTUAL RATE OF EXPLORATORY
DR T LL I NG( PARTNERSHI P )

RCWEP - (hIlM) RATE OF COMPLETION OF EXPLORÂTORY
DRILLING(WELLS DRILLED UNDER PARTNERSHIP

DCE - (M) OELAY IN COMPLETING THE EXPLORATION
TRSEI,JP - ('rJlM) RATE OF ADDITION OF SUCCESSFUL

EXPLORATORY þ'ELLS DRILLED UNDER
PARTNERSHI P

þ,RSE'¡'P - (W/M) RATE OF ÂDDITION OF SUCCESSFUL
EXPLORATORY ll.,ILD CAT U,ELLS DRILLED UNDER
PARTNERSHI P

ThISEP - (1,') CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY I.,ELLS DRILLED UNDER
PÂRTNERSHTP

DSRP - ( T ) SUCCESS RATIO OF EXPLORATORY '
DEVELOPMENT" h'ELLS DRILLED UNDER
PARTNERSHIP

DAREXP - (I,'/M) RATE OF EXPLORATORY DRILLING(
DEVELOPMENT WELLS DRILLRD UNDER
PARTNERSHI P )

DTSEÌ{P - (}') CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY "DEVELOPMENT' IiIELLS DRILLED
UNDER PARTNERSHTP

R

L
t, N

R

R

L
'I , N

A

1, C
A
L

N

tÉ
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FARMED OUT

RSEl,rtF.KL=SAMPLE(NORMRN(MSEF.K.SSEF.K),1,MSEF.K) 47, R

MSEF.K=I,JSRF*EXPF.K 48, A

hISRF=O.OB 48.1, C

SSEF.K=O.O1*EXPF.K 49, A

Tl'rSEF. K=TIISEF. d+DT*RSE$IF . LIK 50, L
TWSEF=BSEWF 5O.1, N

BSE[/F=O 50. 2, c
RSEWF - (W/M) RATE OF ADDITION OF SUCCESSFUL

EXPLORATORY FARMED OUT I,JELLS

MSEF - (W/M) MEAN VALUE OF RATE OF ADDITION OF
SUCCESSFUL EXPLORATORY FARMED OUT I,JELLS

SSEF - (V'lM) STANDARD DEVIATION OF RATE OF
ADDITION OF SUCCESSFUL EXPLORATORY FARMED
OUT WELLS DRILLED

l¡TSRF - (T ) SUCCESS RAIIO OF EXPLORATORY FARMED OUT
WELLS

EXPF - (trlM) RATE OF EXPLoRAToRY DRILLING oF
FARMED OUT I¡,ELLS

TVISEF - (W) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY FARMED OUT WELLS

BSEþ'F - (1¡J) BÀSE VALUE OF CUMULATIVE NUMBER OF
FARMED OUT I¡,ELLS DRILLED SOLELY

tË
H\¡



COMPLETION STAGE SECTOR

ldRÂSCS. K=DLINF3 ( Ì.{RSEt¡rs . JK, DEcP

''JRASCP. 
K=DLINF3 ( WRSEI"P . JK, DECP

DRASCS. K=DLINF3 ( DRSEWS . JK. DECP
ORASCP . K =DL I NF 3 ( DRS EI,JP . JK , DECP
DECp=i2 54.1,
RChIs.KL=DRASCS.K+Ì"RASCS.K 55, R

RCIdP,KL=DRÂSCP.K+h,RASCP.K 56' R

RCWF.KL=DELAY3(RSETTJF.JK,DECP) 57, R

RRCV'F.KL=DELAY3(RCWF.JK,DEC) 58, R

RRCWS.KL=DELAY3(RCþJS.TJK,DEC) 59' R

TCI,JS.K=TCWS.L'+DT*(RCllJS.JK-RRCI,IS.JK) 60, L
TCt¡tS=2 60. 1 ,

DEC=24 60.2,
RRcÍrP.KL=DELAY3(RCWP.JK,DEC) 61, R

TCt{p.K=TCt¡lp.J+DT*(RCtrP.úK-RRCWP.JK) 62, L
TCWp=1 ø2.t,

VJRASCS - (I,¡/M) START RAIE OF COMPLETION OF

SUCCESSFUL EXPLoRATORY WILD CAT I'TELLS
DRILLED SOLELY

WRSE}JS - (W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY I.,ILD CAT WELLS DRILLED SOLELY

DECP _ (M) DELAY IN SÌARTING THE COMPLEÏION
PROCESS

I'RASCP - (I.'/M) STÂRT RATE OF COMPLETION OF

SUCCESSFUL EXPLORATORY 1¡,ILD CAT I,,ELLS
DRILLED UNDER PARTNERSHIP

I,'RSEI,'P - (T.J/M) RÂTE OF ADDITION OF SUCCESSFUL
EXPLORAIORY I{ILD CAT WELLS DRILLED UNDER
PARTNERSHI P

DRASCS - (1.'/M) START RATE OF COMPLETION OF
SUCCESSFUL EXPLORATORY h'ELLS DRILLED
SOLELY

DRSEU'S - (W/}N) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY "DEVELOPMENT' t¡JELLS DRI LLED
SOLE LY

DRASCP - (VI/Iâ) START RATE OF COMPLETION OF

SUCCESSFUL EXPLORÂTORY WELLS DRILLED
UNDER PARTNERSHIP

DRSEb/P - (T..l/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY'DEVELOPMENT' WELLS DRILLED
UNDER PARTNERSHIP

RCI¡,IS - (T"/M) START RATE OF COMPLETION OF I{ELLS
DRILLED SOLELY

RCV'P - (T.'/M) START RATE OF COMPLETION OF h/ELLS
DRILLED UNDER PARTNERDHIP

RCI¡'F - (1.'/M) START RATE OF COMPLETION OF FARMED
OUT WELLS

RSE}'F - (W/M) RATE OF ADDITION OF SUCCESSFUL. EXPLORATORY FARMED OUT !'ELLS
RRCT¡'F - (T,'/M} RATE OF COMPLETION OF FARMED OUT

WELLS
DEC - (M) DELAY IN COMPLETING THE !'ELLS
RRCþIS - (W/M) RATE OF COMPLETION OF l.rELLS DRILLED

SOLE LY
TC}'S - (VJ) TOTAL 'JELLS IN THE PROCESS OF

COMPLETION( DRILLED SOLELY)
RRCWP - (hllM) RÂTE 0F coMPLETIoN OF Ì¡JELLS DRILLED

UNDER PARÏNERSHIP
ICI,'P - (W) TOTÀL h/ELLS IN THE PROCESS OF

COMPLETION(DRILLED UNDER PARÎNERSHIP)

51, A
52, A

53, A
54, A

c

N
c

N
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PRODUCII{G WELLS SECTOR:
COMPLETED SOLELY BY COMPANY.

TPWS.K=TPI{S.J+DT*(RRCWS.ì,K-RDPT{S.JK) 63,TPt¡rS=4 63. IRDPI.TS.KL=TPWS.K,/AWLS.K 64,AWa5.¡=(URFS*1PRS.K)/STAPS.K 65,
URFS=O.8 eS. ITPlds - (¡r) ToTAL PROOUCING WELLS(COMPLETED SOLELy)

RRCI{S - ('¡,'/M) RATE OF COMPLETION OF }JELLS DRILLEO
SOLE LY

RDPTJS - (W/M) RAÎE OF DECAY OF PRODUCING WELLS
COMPLETEO SOLELY

AWLS - (M) AVE WELL LIFE(OWN SOLELY)
URFS - (I) ULTIMATE RECOVERY FACTOR('JÚELLS DRILLED

SoLELY )
TPRS - (8) TOTAL PROVEN RESERVES FROM WELLS

COMPLETED SOLELY
STAPS - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM WELLS ORILLED SOLELY

COMPLEÎED UNDER PARÎNERSHIP

TPliP.K=TPt'rP. IJ+OT* ( RRCbrp. iJK-RDprrJp. dK) 66.ÎPWP=4 66.ROPVJP.KL=TPI¿'P.K,/AWLP.K 67,ÂWLP.K=(URFP*TPRP.K)/STAPP.K 68.URFP=O.8 69 .TPh'P - (W) TOTAL PRODUCTNG T'ELLS(COMPLETED UNDER
PARTNERSHI P )

RRCVJP - (W/M) RÂTE OF COMPLETION OF WELLS DRILLED
UNDER PARTNERSHIP

RDPWP - (W/M) RATE OF OECAY OF PRODUCING b'ELLS
COMPLEÎED UNDER PARTNERSHIP

ÂWLP - (M) AVE WELL LIFE(SHARING)
URFP - (I) ULTIMATE RECOVERY FACTOR(WELLS DRILLED

UNDER PARTNERSHIP)
TPRP - (B) TOTAL PROVEN RESERVES FROM WELLS

COMPLETEO UNDER PARTNERSHTP
STAPP . 18/IT) SHORT IERM AVERAGE PROOUCTION RATE

FROM I.'ELLS DRILLED UNDER PARTNERSHIP
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L
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R
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COMPLETED UNDER FARM OUT

Tpt¡lF.K=Tph/F. iJ+DT*(RRCITF. \,K-RDpt{F.dK) 69,
f pttlF=2 69. 1

RDPWF.KL=TPþ'F.K/AI¡JLF.K 70,
o'ua¡.¡a=(URFF*TPRF.K)/STAPF.K 71,
URFF=O.g 71.1

TPI,'F - (T¡') TOTAL PRODUCING FARMED OUT }'ELLS
RRCUÍF - (VI/M) RATE OF COMPLETION OF FARMED OUT

WELLS
RDPT.JF - (W/M) RATE OF DECAY OF PRODUCING FARMED OUT

VJE LLS
AWLF - (M) AVE T.'ELL LIFE(FARMED OUT WELL)
URFF - (1) ULTIMATE RECOVERY FACTOR(FARMED OUT

WELLS )
TPRF - (B) TOTAL PROVEN RESERVES FROM FÀRMED OUT

WELLS
STAPF - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM FARMED OUÏ b'ELLS

PROVEN b'ELLS SECTOR:
COMPLETED BY COMPANY

TPRS.K=TPRS.ú+D1*(RPRS.dK-PRS.JK) 72, L
TpRS=BTpRS 72.1, N

BTpRS=2.8E6 72.2, c
RPRS.KL=APURS.K*RRCWS.TJK 73, R

APURS.K=SAMPLE(SAPURS.R,12,4E5) 74, A

SAPURS.K=NoRMRN(MPRS.K,SPRS) 75, A

MPRS.K=TABHL(TAB7,QCGITLP,K,1,4,T) 76, A

TABT=3E5,/5E5/885/ 186 76. 1 , T
SPRS=8E3 76.2, c
QCGITLP,K=DELAYs(QCGI.K,42) 77, A

TPRS - (B) TOTAL PROVEN RESERVES FROM h'ELLS
COMPLETED SOLELY

RPRS - (B/M) RATE OF ADDITION OF PROVEN RESERVES
TO I.,ELLS DRI LLED SOLELY

PRS - (B/M) PRODUCTION RATE FROM WELLS COMPLETED
SOLELY

BTPRS - (B) BASE VALUE OF TOTÂL PROVEN RESERVES
FROM IdELLS ORILLED SOLELY

APURS . (B/W) AVE PROVEN RESERVES PER I.JELL(SOLELY)
RRCVúS - (W/M) RATE OF COMPLETION OF I,,ELLS DRILLED

SOLELY
SAPI..IRS - (B/W,) SAMPLE VALUE OF AVERAGE PROVEN

RESERVES PER WELL ÐRILLED SOLELY
MPRS - (B/l,r) MEAN PROVEN RESERVES PER l.rELL DRILLED

SOLELY
SPRS - (B/W) STANDÂRD DEVIATION OF AVERAGE PROVEN

RESERVES PER I,JELL DRILLED SOLELY
TABT - (B/VI) TABLE GIVING ÂVERAGE PROVEN RESERVES

PER I,,ELL DRILLED SOLELY
QCGITLP- (1) OUALITY COEFFICIENT OF GEOLOGICAL

INFORMATION ÂT TIME OF LEASING
QCGI - (T) QUAIITY COEFFICIENT OF GEOLOGICAL

I NFORMÀT I ON
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COMPLETED UNDER PARTNERSHIq

TPRP . K=TPRP . J+DT* ( RPRP. JK-PRP . JK )
TPRP=BTPRP
BTPRP= L 5EG
RPRP . KL=ÄPURP . K*RRCWP . dK
APURP . K=SAMPLE ( SAPURP . K, I 2 , 5E5 )
SAPURP . K=NoRMRN( MPRP . K, SPRP )
MPRP.K=TABHL(TAB8,QCGITLP.K, 1,4, I )
TABS=4E5,/585 / eE5 / 18€'
SPRP=sE3
TPRES . K=TPRS . K+ (O.s*TPRP. K )

78
7A
7A
79
80
81
a2
a2
a2
83

L
I, N
2,C

R

A
A
A

I, T
2_ C

A

ÏPRP

RPRP

PRP

BTPRP

APURP

RRCìúP

SAPURP -

MPRP

SPRP

TABS

QCGITLP-

TPRES
TPRS

(B) TOTAL PROVEN RESERVES FROM V/ELLS
COMPLETED UNDER PARTNERSHIP

(B/M) RATE OF ADDITION OF PROVEN RESERVES
TO I.,ELLS DRILLED UNDER PARTNERSHTP

(B/M) PRODUCTION RATE FROM WELLS COMPLETED
UNDER PARTNERSHIP

(B) BASE VALUE OF TOTAL PROVEN RESERVES
FROM I¡,ELLS COMPLEIED UNDER PÂRTNERSHIP

(B/IJ) AvE PRovEN RESERVES PER
trELL(PARTNERSHIP )

(Ì,r/M) RATE OF COMPLETIoN oF I¡TELLS DRILLED
UNDER PARTNERSHIP

(B/t,,) SAMPLE VALUE OF AVERÂGE PROVEN
RESERVES PER IilELL DRILLED UNDER
PARTNERSHI P

(B/I.') MEAN PROVEN RESERVES PER WELL DRILLED
UNDER PARTNERSHIP

(B/W) STANDARD DEVIATION OF AVERAGE PROVEN
RESERVES PER I,,ELL DRILLED UNDER
PARTNERSHI P

(B/T.J) TABLE GIVING AVERAGE PROVEN RESERVES
PER ÌCELL DRILLED UNDER PARTNERSHIP

(I) oUALITY coEFFIcIENT OF GEOLOGICAL
INFORMAÏION AT TIME OF LEASING

(B) ToTAL PRoVEN RESERVES
(B) to-rAL PROVEN RESERVES FROM lTELLS

COMPLETED SOLELY

tÉ
l.J
ts



COMPLETED UNDER FARM OUT

APURF.K=SAMPLE(SAPURF.K,12,3E5) A4, A

SAPURF.K=NoRMRN(MPRF,SPRF) gs, a
MPRF=3ES 85.1, C

TPRF.K=TPRF.\r+DT*(RPRF.!,K-PRF.JK) 86, L
TPRF=BTPRF 86.1, N
BTPRF=SES 86.2, C

RPRF . KL=APURF . K*RRCI,IF . JK 87 , R

SPRF=SE4 87 .1, C

APURF - (B/Ì,J) AVE PROVEN RESERVES PER 
'¡'ELL(FARMED

OUT )
SAPURF - (B/W) SAMPLE VALUE OF AVERAGE PROVEN

RESERVES PER FARMED OUT V'ELL
MPRF - (B/1.') MEÂN PROVEN RESERVES PER FARMED OUT

t¡rELL
SPRF - (B/VI) STANDARD DEVIATION OF AVERAGE PROVEN

RESERVES PER FARMED OUT WELL
TPRF - (B) TOTAL PROVEN RESERVES FROM FARMED OUT

t¡TELLS
RPRF - (B/M) RATE OF ADDITION OF PROVEN RESERVES

TO FARMED OUT rrrELLS

PRF
BTPRF

RRCl¡JF

(B/t¡i
(B)

) PRODUCTION RATE FROM FARMED OUT h'ELLS
BASE VALUE OF TOTÂL PROVEN RESERVES

FROM FARMED OUI WELLS
(1,,/M) RATE oF C0MPLETION OF FARMED OUT

WELLS

PRODUCTION CAPACITY SECTOR
I¡,ELL COMPLETED SOLELY BY COMPANY

RCPS. K=RRCI¡rS . JK*NPRP',jS 88 , A

NPRPT{S=3SOO 88. 1 ,
RCPS - (B/Vt**2) iare OF ADDITION OF PRODUCTTON

CAPACITY TO T.,ELLS DRILLED SOLELY
RRCT.'S - ("i/M) RATE OF COMPLETION OF I,JELLS DRILLED

SOLELY
NPRPI,'S - ß/W/ITi) NORMAL VALUE OF DESIRED PRODUCTION

RAÍE PER WELL COMPLETED SOLELY

þJELLS COMPLETED UNDER PARTNERSHIP

RCPP . K=RRCIrP . rrK*NPRPl¡rP 89, A
NPRPV,TP=3SOO 89.1, C

RCPP - (E/U**2¡ RATE OF ADDITION OF PRODUCTION
CAPACITY TO ITELLS DRILLED UNDER
PARTNERSHIP

RRCþrP - ('rrlM) RATE OF COMPLETION OF WELLS DRILLED
UNDER PARTNERSHIP

NPRFI"P - (8/W/M, NORMAL VALUE OF DESIRED PRODUCTION
RATE PER I,,ELL COMPLETED UNDER PARTNERSHIP

c

bJ
l.J
N)



I{FLLS COMPLETED UNDER FARM OUT

RCPF .K=RRCWF . dK*NPRPidF
NPRPWF=3OOO

RCPF

RRCLtÍF

A
I,

90
90 c

(B/}T**2) RÂTE OF ÂDDTTION OF PRODUCTION
CAPACITY TO FARMED OUT Ì¡JELLS

(U'lM) RATE OF COMPLETION OF FARMED OUT
V'E LLS

PRODUCTION SECTOR

PRS . KL=TPWS . K*ALP. K*MPRPttr. K
PRP . KL=TPWP . K*ALP . K*MPRPttr. K
PRF . KL=TPI,,F . K*ALP . K*MPRPI',. K
ALP. K=IALP+STEP(CIALP, 120)
IALP=3.5E3
CIALP=O
MPRPW . K=TABHL ( TPRPVI, RCCL . K, O. 2, 1

TPRPT¡I=O. 8/ .9/ 1/ 1

PRS

TPtrS
ALP
MPRPV'

PRP

TPl,rP

PRF
ïPrrrF
I ALP

TPRPT¡,

RCCL

4 ,O .4)

91, R

92. R

93, R

94. A
94.1, C

94 -2, C
95, A

95.1, T
(B/M) PRODUCTION RATE FROM WELLS COMPLETED

SOLELY
(b,) TOTAL PRODUCING 'JÚELLS(COMPLETED 

SOLELY )
(B/t{t/w) MAX ALLOI.,ABLE RATE OF PROÐUCTION
(T) TABLE GIVING MULTIPLIER FOR RATE OF

PRODUCTION CAPACITY ADDITION
(B/M) PRODUCTION RATE FROM WELLS COMPLETED

UNDER PARTNERSHIP
(U') TOTAL PRODUCING hIELLS(COMPLETED UNDER

PARTNERSHIP )
(B/M) PRODUCTION RATE FROM FARMED OUT WELLS
(I.,) TOTAL PRODUCING FARMED OUT T¡,ELLS
(B/w/M) INITIAL VALUE OF ALLOI,,ABLE RATE OF

PRODUCTI.ON
(T) TABLE GIVING MULTIPLIERS FOR DESIRED

PRODUCTION RATE PER IIIELL PER MONTH
(I) RATIO OF ACTUAL COMPANY'S LIFE TO

COMPANY'S DESIRED LIFE HORIZO

tÉ
N)(,



SHORT & LONG ÍERM AVERAGE PORDUCTION RATES

STAPS . K=STAPS . ¿+ ( DTISTAS ¡ * ( eRS . JK-STAPS . J )
STAPS=TPt¡rS*NPRPITS
SrAS=6
STAPP . K=STAPP . J+ ( DTISTAP ) * ( PNP. JK-STAPP . iJ )
STAP P = T Pl¡lP * NP R PlrrP
STAP=6
STAPF . K=STAPF . J+( DTISTAF ) * ( PRF . JK-STAPF . J )
STAPF=TP!',F *NPRPWF

STAF=6
LApRS . K=LApp5. ¿+ (DTla145 ) * ( pRS . JK-LAPRS . J )
LTAS=24
LAPRS=STAPS
LAPRP.K=LAPRP.J+(DTlLTÂS)*(PRP.dK-LAPRP.J) 1OO,
LAPRP=STAPP 1oO.

SIAPS - (B/M) SHORT TERM AVERAGE PRODUCTION RATE
FROM WELLS DRILLED SOLELY

STAS - (M) SMOOTHING FACTOR OF SHORT TERM AVERAGE
PRODUCTION RATE FOR WELLS DRILLED SOLELY

PRS - (B/M) PRODUCTION RATE FROM l,rELLS COMPLETED
SOLE LY

TPWS - (W) TOTAL PRODUCING 
",lELLS(COMPLETED 

SOLELY)
NPRPWS - (B/W/M) NORMAL VALUE OF DESIRED PRODUCTION

RATE PER WELL COMPLETED SOLELY
SIAPP - (B/}{I) SHORT TERM AVERAGE PRODUCTTON RATE

FROM I¡JELLS DRILLED UNDER PARÏNERSHIP
STAP - (M) SMOOTHING FACTOR OF SHORT TERM AVERAGE

PRODUCTION RATE FOR WELLS DRILLED UNDER
PARTNERSHI P

PRP - (B/M) PROOUCTION RATE FROM WELLS COMPLETED
UNDER PARTNERSHIP

TPþJP - (W) TOTAL, PRODUCING 1¡'ELLS(COMPLETED UNDER
PARINERSHIP )

NPRPWP - (B/VI/M) NORMAL VALUE OF DESIRED PRODUCTION
RÂTE PER WELL COMPLETED UNDER PARTNERSHÎP

STAPF - (B/M) SHORT TERM AVERAGE PRODUCTION RATE
FROM FARMED OUT IdELLS

STÂF - (M) SMOOTHING FACTOR OF SHORT TERM AVERAGE
PRODUCTION RÂTE FOR FARMED WELLS

PRF - (B/M) PRODUCTION RATE FROM FARMED OUT WELLS
TPWF - (','l) TOTAL PRODUCING FARMED OUT WELLS
LAPRS - (B/M) LONG TERM AVERÂGE PRODUCTION RATE

FROM T{ËLLS COMÞLETED SOLELY
LTAS - (M) LONG TERM PRODUCTION AVERAGING TIME
LAPRP - (B/M) LONG TERM AVERAGE PRODUCTION RATE

FROM Ì,',ELLS COMPLETED UNDER PARTNERSHIP

96
96
96
97
97
97
98
98
98
99
99
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** FINANCIAL ACCOUNTING S
PRICE PER BARREL AND COST

ASSUMPT I ONS

EC
o

TOR **
F PRODUCTION

ppB. K=ppB. J+DT* (pcIF . JK*eB )
PPB=PB
PB= lA
PCI F . KL=PULSE( IPI F,/DT, FP, IVL )
IPIF=O.
IVL= lOOQ
FP= I 20
PCPB. K=SAMPLE ( SPCPB .R, 12, 2)
SPCPB. K=SPCPB. d+DT* (CI F . JK*CPB )

'to1,
101 .

101.
102 .

L
'I , N
2,C

R

102.1, C

102.2. C
102.3, c
103, A

r04, L
104.1, N
104.2, C

SPCPB=CPB
cPB=2

PPB
PCIF
PB
IPIF
PCPE
SPCPB
CIF
CPB

(
(
(
(
(
(
(
(

$/8) PRICE PER EARREL
r ) RATIO REFLECTING RATE OF PRICE INCREASE
$/B) BASE VALUE OF PRICE PER BARREL
I ) PRICE INFLATION FACTOR
$/B) PROOUCTION COST PER BARREL
$/B) COST OF PRODUCTION PER BARREL
1 ) COST INFLATION FACTOR
$/B) INITIAL PRODUCTION COST PER BARREL AT

THE END OF THE YEAR

Î.J
Ln



EXPLORATION AND DEVELOPMENT. COST:
h,ELLS DRILLED SOLELY BY COMPANY

ACEPWS,K=SAMPLE(SACES.K,12,3.5E5) .IO5,

SACES.K=ECPEI¡/S.K+DAEI',S.K 106,
DAEl.rS . K=3E4 1O7 ,

ECPEWS.K=SAMPLE(NORMRN(MECS.K,SECS),12,MECS.K) fO8,
SECS=1E4 108.1
MECS.K=MEC5.g+97*(CIF.JK*CES) 1O9,
MECS=CES 1o9. I

'1o9.2CES =3Es
CIF.KL=PULSE( ICIF/DT ,'12,12) I 10,
ICIF=O. 1lO. 1

ACDPI,JS.K=SAMPLE(SADES.K,12,3E5) 111,
SADES.K=NORMRN( I.5,O.1 )*ACEPWS.K 112.

ACEPT.'S - ($/I.') AVE COST OF EXPLORATION PER
I.'E LL ( SHAR I NG )

SACES - ($/W) SAMPLE VALUE OF ACERAGE COST OF
EXPLORATION PER I,,ELL DRILLED SOLELY

ECPEI.'S - ($/I.') ESTIMATED COST OF EXPLORATION PER
WELL TO BE DRILLED SOLELY

DAEWS - ($/W) DEVIATION OF ACTUAL COST OF
EXPLORATION PER V'ELL FROM ESTIMAÏED COST
OF EXPLORAÍION PER ¡'ELL

I'ECS - ($/V') MEÂN VALUE OF ESTIMATED COST OF
EXPLORATION PER T'ELL DRILLED SOLELY

SECS - ($/tr) STANDARD DEVIATION OF ESTIMATED COST
OF EXPLORATION PER WELL DRILLED SOLELY

CIF - (1) COST INFLATION FACTOR
CES - ($/W) BASE VALUE OF COST OF EXPLORATION PER

I,,ELL SOLELY
ICIF - (T) COST INFLATION FACTOR
AcDPtcS - ($/l.r) AVE COST oF DEVELOPMENT PER

T¡,ELL(DRILLEÐ SOLELY )
SADES - ($/tr) SÂMPLE VALUE oF AVERAGE COST OF

DEVELOPMENT PER ì.,ELL DRILLED SOLELY

A
A

A
A

,c
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T.,ELLS DRILLED UNDER PARÍNERSHIP

ACEPì.rP . K=SÂMPLE ( SACEP . K, 12,5E5 ) I 13 'SACEP.K=ECPEUTP.K+DAEWS.K 114,
ECPEI¡.IP.K=SAMPLE(NORMRN(MECP.K,SECP),12,MECP.K) 1t5'
SEcp=3E4 1 15.
MECP. K=MECP. J+DT*(CIF. ìJK*CEP) 1 16'
MEcp=CEp t 16.
CEp=SEb I 16.
ACDPI.'P . K=SAMPLE ( SADEP . K, 12 , 5E5 ) 1 17 '
SADEP.K=NORMRN( 1.5,O.1 )*ACEPWP.K I 18'

ACEPV'P - ($/þ'l) AVE COST OF EXPLORATION PER
þJELL ( SOLELY )

SACEP - ($/W) SAMPLE VALUE OF AVERAGE COST OF

EXPLORATION PER I,,ELL DRILLED UNDER
PÂRTNERSHI P

ECPEWP - ($/Td) ESTIMATED COST OF EXPLORATION PER
WELL TO BE DRILLED UNDER PARTNERSHIP

DAEI,JS - ($/ttr) DEVIATION oF ACTUAL COST OF

EXPLORATION PER WELL FROM ESTIMATED COST
OF EXPLORATION PER I{ELL

MECP - ($/'d) MEAN VALUE OF ESTIMATED COST OF

EXPLORATION PER !'ELL DRILLED UNÐER
PÂRTNERSHIP

SECP - ($/"') STANDARD DEVIATION OF ESTIMATED COST
OF EXPLORATION PER 

',.,ELL 
DRILLED UNDER

PARTNERSHI P
CIF - (1) COST INFLATION FACTOR
CEP - ($/l,r) BASE VALUE OF MEAN VALUE oF COST oF

EXPLORATION PER WELL DRILLED UNDER
PARTNERSHI P

ACDPWP - ($/W) AVE COSI OF DEVELOPMENT PER WELL(
SHAR I NG)

SADEP - ($/',J) SÂMPLE VALUE OF AVERAGE COST OF

DEVELOPMENT PER h'ELL DRILLED UNOER
PARTNERSHIP

A
A

A
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OPERATING REVENUE

TSRS. K=PPB. K*STAPS . K 1 19 '
TSRP . K=PPB . K*STAPP. K*O.s 12O,
TSRF.K=FF*PPB.K*STAPF.K 121 '
FF= .12 121 .

TSALE . K=TSALE . IJ+DT* ( RSÂLE . JK-CBSALE . JK ) 122 ,

TSALE=O 122.
CBSALE . KL=PULSE ( TSALE . K/DT , 12, 12) 123 ,
TSALER . K=SAMPLE ( TSALE . K, 12,486) 124 ,
RSALE.KL=TSRS.K+TSRP.K+TSRF.K 125,

TSRS - ($/M) SALES REVENUE RECEIVED FROM WELLS
DRILLEO SOLELY

PPB - ($/B) PRICE PER BARREL
STAPS - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM l¡TELLS DRILLED SOLELY
TSRP - ($/M) SALES REVENUE RECEIVED FROM I''ELLS

DRILLED UNDER PÂRTNERSHIP
STAPP - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM t¡,ELLS DRILLED UNDER PARTNERSHIP
TSRF - ($/M) SALES REVENUE PROCEEDING TO THE

COMPANY FROM FARMED OUT WELLS
FF - (I) PROPORTION OF SALES REVENUE FROM FARMED

OUT þ'ELLS
STAPF - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM FÄRMED OUT TJELLS

TSALE - $) TOTÂL SÂLES REVENUE
RSALE - ($/M) RÂTE OF SALES REVENUE RECEIVED PER

MONTH
CBSALE - ($/Y ) CLOSING BALANCE FOR SALES REVENUE
TSALER - ($/Y) TOTAL SALES REVENUE REPORTED

A
A

A
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PAGÉ 20 SIMULATION I.IODEL OF AN OIL COMPÀNY 11/24/83

OPERÂTING EXPENSES

RCP.KL=PCPB.K' ( SIAPS.K+O-5'STAPP K)
RCES. KL=ÀCEP'/S. K"RCllES. JX
RCEP. KL=ÀCEPr¡P. K'RCyEP. üK
RCCS. KL=ÀCDPI¡,S. Kr RRCIIS . JK
RCCP. KL=ÂCDPrrP' KTRRCUP. ìJK

GAEXR. KL-FRSGA'RSALE',JK
FRSGA=O. 05
TEXP . K=1EXp . J+DTr ( RCP . \rK+RCES . JK+RCCS . JK+O. 5i

( RCEP . .JK+RCCP . JK )+TRP . JK+OOFL . TJK+RCL . IJK+GAEXR . JK+

Èspcps...lx*o. s'RsPcPP . JK-cEXP ' rJK )
lExP=o
lEXPR. K'SAI.IPLÊ ( TEXP.K' 1 2' 3EG )
CExP.KL=PULSE(TExP.X/DT, t2, l2 )
PBT.K*TSÀLER. K-lExPR.K
aip,K.cLrp( ( r-TAX ).PBl.K.PBT.K,PBl.K'o)
TAx=O- 4
RCL.KL-RLHOL. KrS¡iOOTH( ACPA -X, 12 )
TRP.KL=RORPTRSALE 'JK

126 ,

127 ,
124,
129,
130.
t3r,
t3l.
132 .

(¡/il) cosf oF PROOUCTION PER ITONTH

(3/B) PRODUCTION COSÍ PER 8ÀRREL
(e/l.t) st¡onr rERit avERAGE PRoDucrIoN RÀTE

FRO'I TELLS ORILL€D SOLELY
(B/M) SHORI IÉPM AVERÀGE PROOUCTTON RÂTE

FROiI YELLS DRILLED UNOER PARTNERSHIP
(¡/T.I) COST OF EXPLORÂIION(I{ELLS ORILLED

SOLELY )
(3/U) AVE COSI OF EXPLORATION PER

gELL( SHAR¡NG)
(T/I.l) RATE OF COT4PLEI¡ON OF EXPLORAIORY

DR¡LLING(TELLS OR¡LLED SOL€LY
(S/H) COSI OF EXPLORÂI¡ON(IIELLS DRILLED

UNDER PARINERSH¡P)
(¡,/W) AVE COST OF EXPLORAf¡ON PER

YELL( SOLELY )
(Y/M) RATE OF COMPLETION OF EXPLORÂIORY

DRILLIÑG(9ELLS DR¡LLED UNDER PÂRÎNERSHIP
(3/iI) COSÍ OF COITPL€IION(HELLS DRILLED

SOLELY )
(3,/H) AVE COSI OF OEVELOPI'ENT PER

WELL(DRTLLED SOLELY )
(Y/I') RATE OF COMPLEIION OF UELLS DRILLED

SOL€LY
(3/II) COSÍ OF COi,rPL€TTON(WELLS DRILLED

UNOER PARÎNERSHIP)
(¡/Y) ¡VC COSI OF ÐEVELOPilENT PER UELL(

SHÀR ING )
(t./T¡l) RATE OF COT.IPLETION OF 1IELLS DRILLEO

UNDER PÂPTNERSHIP
(3/II, G€NERAL ÂNO ÂOI{INTSIRATION EXPENSES

RAT E
(I) FRACTION CHÂRGEO 10 GENERÂL ÂND

AOilTNISTRAÍ TON EXPENSES
(¡/M) RAIE OF SÂLES REVENUE RECEIVEO P€R

I¡!ONIH
3) TOTAL EXPEND¡TURE
t/¡I) ROYALTY PAYMENTS
T,/T,I) DEPRECIÂTION ÂNO OEPLETTON CASH FLOId

R

R
R

R

R

R
I, C

L

r32.2, N

133, A
134. R

135, A
r36, Â

136.t, C

137, R
f3a, R

138-1, CRORP-O. l5
RCP
PCPB
5TÂPS

STÂPP

RCES

ÂCEPUS

RCTES

RCEP

ACEPIP

RC¡lEP

RCCS

ACDPWS

RRCVS

RCCP

ACDPYP -

RRCUP

GÂEXR

FRSGA

RSÀLE

TEXP
TRP
DDF L

tÉ
N
a

RCL
RSPCPS -

PER MONIH
(¡/M) cosf oF acREÂGE
1g¡N"IZ\ RÂTE OF ÂODITION OF INVESIMENf TO



RSPCPP - (9/M*!2) RATE OF ADDITION OF INVESTMENT TO

PRODUCTION CAPACITY OF WELLS DRILLED
UNDER PARTNERSHIP

$/Y) CLOSING BALANCE FOR EXPENDITURE
TOTAL EXPENDITURE REPORTED
PROFIT BEFORE TAX
TOTAL SALES REVENUE REPORTED
AFTER TAX PROFIT

TAX RATE
ACRES) AMOUNT OF RÂh' LAND HOLDINGS
$/ACRE/M) AVE COST OF ACREÂGE
1 ) RATE OF ROYÂLTY PAYMENTS

CEXP
TEXPR
PBÏ
TSALER -
ATP
TAX
RLHOL
ACPA
RORP

)

$
$
$
$
t

tÉ
U)
O



DEPRECTATION ÀND DEPLEÏION.

DDFL.KL=DECFL.JK+DPCFL.JK I39,
CFLOIV.K=ATP.K+TDFLR.K 14O,
TDDFL.K=TDDFL.J+DT*(DECFL.úK+DPCFL.JK-CBDFL.JK) 141,
TDDFL=O 141.
TDFLR.K=SAMPLE(TDDFL.K,12,96E3) 142,
CBDFL.KL=PULSE(TDDFL.K,/DT,12,12) 143,
DECFL . KL=DECFLS . JK+O. S*DECFLP . JK 144,
DPCFL. KL=DPCFLS. JK+O. S*DPCFLP . JK 145,
DECFLS.KL=CAPIPS.K/AWLS.K 146,
DECFLP.KL=CAPIPP,K,/AWLP.K 147,
DPCFLS.KL=(DINVS,K/TPRS.K)*STAPS.K 148,
DPCFLP.¡¡=(DINVP.K,/TPRP.K)*STAPP.K 149,

DDFL - ($/M) DEPRECIATION AND DEPLETIoN CASH FLol,,
PER MONTH

DECFL - ($/M) DEPRECIATION CASH FLOIiI
DPCFL - ($/M) DEPLETION CASH FLOì¡, PER MONTH
cFLo¡J - (S/v ) CASH FLo'¡,
ATP - ($/Y) AFTER TAX PROFIT
TDFLR - ($/Y) DEPRECIÂTION AND DEPLETION CASH FLOþ'

REPORTED
TDDFL - ($) TOT¡L DEPRECIATION AND DEPLETION CASH

FLOW
CBDFL - (9/Y ) CLOSING BALANCE FOR DEPRECIATION AND

DEPLETION CASH FLOI,'
DECFLS - ($/M) DEPRECIATION CASH FLOW FROM WELLS

DRILLED SOLELY
DECFLP - 5/I{I) DEPRECIATION CASH FLOh' FROM Ì.'ELLS

DRILLED UNDER PARTNERSHIP
DPCFLS - ($/M) DEPLETION CASH FLO',J PER MONTH FROM

V'ELLS DRILLED SOLELY TO ¡'ELLS DRILLED
SOLE LY

DPCFLP - ($/M) DEPLETION CASH FLOW PER MONTH FROM
I,,ELLS DRILLED UNDER PARTNERSHIP

CAPTPS - ($) CAPITAL INVESTMNT ON PRODUCTION
CAPACITY FROM I¡JELLS DRILLED SOLELY

Ah,LS - (M) AVE '/ELL LIFE(OI¡/N SOLELY )
CAPIPP - ($) CÂPIIAL INVESTMENT ON PRODUCTION

CAPACITY FROM I'TELLS DRILLED UNDER
PARTNERSHI P

AWLP - (M) AVE VJELL LIFE(SHARING)
DINVS - ($) CAPITAL INVESTMENT ON DEVELOPING THE

b,ELLS DRILLED SOLELY
TPRS - (B) TOTAL PROVEN RESERVES FROM WELLS

COMPLETED SOLELY
STAPS - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM WELLS DRILLED SOLELY
DINVP - ($) CAPITAL INVESTMENT ON DEVELOPING THE

t¡,ELLS DRILLED UNDER PARTNERSHIP
TPRP - (B) TOTAL PROVEN RESERVES FROM WELLS

COMPLEÏED UNDER PARTNERSHIP
STAPP - (B/M) SHORT TERM AVERAGE PRODUCTION RATE

FROM I¡JELLS DRILLED UNDER PARTNERSHIP

R

A

L
'I , N

A
R

R

R

R

R

R

R

(¡)þ



** INVESTMENT FLOWS AND FII,¡ANCIAL PERFORMANCE
sEcroR **

RETURN ON INVESTMENT

ps¡ . K=(ATP. ¡1* 199)/TASSET . K
ROI _ (%/V ) RETURN ON INVESTMENT
ATP - ($/Y) AFTER TAX PROFIT
TASSET - ($) TOTAL ASSETS

150, A

tË(,
l'..J



PAGE 23 SIMULÂÍ¡ON I'ODEL OF ÂN OIL COMPANY

¡NVESIiIENT IN DEVELOPTiIENT ¡'ELLS

CAPI PS . k-CAPI PS . J+OT+ ( RSPCPS . üK-DECFLS . JK )
CAPIPS"ECÂPlS
ECAPIS=1284
RSPCPS . KL =RCPS - KtCAPCAP. K
caPcaP . x.saMPL€ ( scÂP. K, r2,20)
SCÂP.K¡SCAP - J+Ol' (ClF. \rkr ISCÂP)
SCAP.I SCÂP
I SCAP=20
CApI PP . K.CAP¡ PP . J+OT| ( RSPCPP . JK-DECFLP . JK )
CAPIPP.BCAP¡P
BCAP¡P' l2E4
RSPCPP. XL=RCPP. X.CÂPCAP.K
DINVS. K'D INVS . J+DTT ( RTCDS . JK.DPCFLS - i,K )
OINvS'3E5
DINVP . K.D¡NVP . J+OTr ( RTCDP . JK-DPCFLP . JK )
DINvP-3€5
RTCDS. KL =RRCYS - JK.ACDPYS . X
RTCDP. KL-RRCnP - JXTACDPYP. K

CAPIPS - (¡) CÂPITÂL ¡NVESÎMNÎ ON PRODUCI¡ON
CAPACITY FROiI UELLS DRILLED SOLELY

1 1 / 24/53

lJh'..2) RATE OF ÂDOIIION OF ¡NvESIftIENl To
PROOUCTION CÀPACITY OF UELLS DRILLEO
SOLE LY

(3/II) DEPRECIATION CASH FLOH FROftI YELLS
DRILLED SOLELY

(¡) BASE VÀLUE OF CAPTTÂL INVESTÍ{ENI ON
PRODUCIION CAPACITY FOR YELLS ORILLED
SOLELY

IBh4"2, RÂTE OF ADOIIION OF PRODUCIION
CÂPACITY 10 UELLS DRILLED SOLÊLY(J/IBIN)) CAPITAL INV€SITiENI ON PRODUCI¡ON
CAPAC¡TY ÌO PRODUCE ONE BARREL OF OIL PER
ItoNlH

1J/(B/I')I SAI¡IPLE VALUE OF CAPCAP
(T) cosl INFLÂTIoN FAcIoR
(I/Bh',' COSI OF ADDING PROOUCTION CAPÂCIIY

TO PRODUCE ONE EARREL OF OIL PER IIONÍH
(¡) CAPITÂL ¡NVES'HENI ON PRODUCI¡ON

CAPAC¡TY FROrrl YELLS DRILL€D UNDEP
PÂRTN€RSHIP

|t/)t.'21 RATE OF ÂOOIÎION OF TNVEST|€NT tO
PRODUCIION CAPÂCITY OF YELLS DRILLÊD
UNDER PARII{ERsH¡P

I/IiI) DEPREC¡AI¡ON CASH FLOY FROI¡I UELLS
DRILLED UNDER PARTNERSHIP

(3) BASE VALUE OF CAPIIAL INVESTIiIENT ON
PRODUCTION CÂPAC¡IY FOR UELLS DR¡LLED
UNOER PARTNERSHIP

(B/ìI"2' RATE OF ADDIf¡ON OF PRODUCÍ¡ON
CAPÂCITY TO TELLS DRTLLED UNOER
PARINERSHI P

(3) CAPITÂL INVESIT'ENÎ ON DEVELOPTNG THE
HELLS DR¡LLÊD SOLELY

(3/I4) RÂIE OF ADDITION OF INVESÍI'ENI ON
DEVELOPilENT TO YELLS DRILLED SOLELY(3/II) DEPLEIIoN cAsH FLog PER HoNIH FRoM
YELLS DRILLEO SOLELY TO HELLS ORILLEO
SOLELY

(¡) CAP¡IÂL ¡NVESII{ENI ON DEVELOPING fHE
YELLS ORTLLÊD UNDER PÂRINERSHIP

(t/M) RÂTE OF ÂoDTTIoN oF INVESIIi{ENI oN

t5r, L
't5t.l, N
15t.2. c
t52. R
r53. A
t54. L
t54. t. N
154.2, C
r55. L
r55.r, N
155.2. C
156, R
157, L
r57. l. N
r58, L
lsa. I, N
t59, R
160. R

RSPCPS

DECFLS

BCAP I S

RCPS

cÂPcÀP

scÀP
CIF
I SCAP

CÂP¡ PP

RSPCPP

DECFLP

BCAPIP

RCPP

OINVS

RTCDS

OPCFLS

DTNVP

RlCDÞ

È¡t



DPCFLP -
RRCh/S

ACDPtTS -
RRCWP

ACDPI¡,P -

($/M). DEPLETTON CASH FLOW PER MONTH FROM
II,ELLS DRILLED UNDER PARTNERSHIP

(W,/M) RATE OF dOMPLETION OF WELLS DRILLED
SOLELY

($/tr) AVE COST 0F DEVELOPMENT PER
WELL(DRILLED SOLELY)

(',T/M) RÂTE OF COMPLETION OF I,,ELLS DRILLED
UNDER PARÏNERSHIP

($/1r,) AvE coST oF DEVELOPMENT PER WELL(
SHAR I NG )

tÉ
L¡)
Þ.



TOTAL ASSETS

TASSET. K=TASSET . ¿+91* ( RAAST . JK-DDFL . JK )
TASSET=5E6
RAASf .KL=RSPCPS. JK+O. 5*RSPCPP. JK+RICDS'.JK+O. 5*

RICDP . JK
ÏASSET -
RAAST
DDFL

t6t, L
161.1,
162, R

N

) TOTAL ASSETS
/M) RATE OF ADDITION OF ÂSSETS
,/M) DEPRECTATTON AND DEPLETION CASH FLOh.l

PER MONTH
RSPCPS - ($/M**2) RATE OF ADOITION OF INVESTMENT TO

PRODUCTION CAPACITY OF Il,ELLS DRTLLED
SOLELY

RSPCPP - ($/M**2) RATE OF ADDITION OF INVESTMENT TO
PRODUCTION CAPACITY OF WELLS DRILLED
UNDER PARTNERSHTP

RTCDS - ($/M) RATE OF ADDITION OF INVESTMENT ON
DEVELOPMENT TO I¡,ELLS DRILLED SOLELY

RTCDP - ($/M) RATE OF ADDITION OF INVESTMENT ON
DEVELOPMENT TO I¡,ELLS DRILLED UNDER
PARINERSHI P

($
($
($

tË(/)
L¡



** EXPI-ORATION POLICY SECTOR **

CAPTS.K=(MAX(CFLO!,'.K.O)*NVRES*MAPT.R)/12 163,
cApTp.K=(MAX(CFLOT^r.K,O)*NVREP*MAPT.K*2)/12 164,
NVRES=O.3 164.
NVREP=O.A 164.
MAPT.K=TABHL(TA86,RCCL.K,O.2,1.4,O.4) 165,
TA86= l .4/ 1 -2/ 1/O -6 16s .

RCCL . K=CLO . K/CLH .166 
,

CLH=24O 166.
CLO.K=TPRES.K,/LAPR.K 167,
LAPR.K=LAPRS.K+(O.5*LAPRP.K) 168,

CAPTS - ($/M) CAPITAL AVAILABLE FOR EXPLORATORY
DR I LL ING ( SOLELY )

CFLOW - ($/Y) CASH FLO[,'
NVRES - ( T ) NORMÂL VALUE FOR FRACTION OF CASH FLOI¡J

RETAINED FOR EXPLORATION SPENDING(DRTLL
SOLELY )

MAPT - ( 1) MULTIPLIER TO INCREASE EXPLORATION tttHEN
COMPANY'S LIFE RATIO FALLS

CAPTP - ($/M) CAPITAL AVAILABLE FOR EXPLORATORY
DRI LLING( PARTNERSHI P )

NVREP - ( T ) NORMAL VALUE FOR FRACTION OF CASH FLOT,'
RETAINED FOR EXPLORÂTION(DRILL UNDER
PARTNERSHI P )

TA86 - ( 1 ) TABLE GTVING MULTIPLIER FOR EXPLORATION
SPENDING

RCCL - (I) RATTO OF ACTUAL COMPANY'S LTFE TO
COMPANY'S DESIRED LIFE HORIZO

CLO - (M) COMPANY ACTUAL LIFE HORIZON
CLH - (M) COMPANY DESIRED LIFE HORIZON
TPRES - (B) TOTAL PROVEN RESERVES
LAPR - (B/M) LONG TERM AVERÂGE PRODUCTION RATE
LÂPRS - (B/M) LONG TERM AVERAGE PRODUCTION RÂTE

FROM I¡,ELLS COMPLETED SOLELY
LAPRP - (B/M) LONG TERM AVERAGE PRODUCTION RATE

FROM þJELLS COMPLETED UNDER PARTNERSHIP

OUTPUT AND CONTROL SECTOR

A
Â

'I,
2,

A

,T
A

,c
A

A

c
c

LENGTH=48O, DT=O. 5, PRTPER= I 2, PLTPER= 1 2, SÂVPER= I 2
LENGTH - (M) SIMULATED OURÂTION
PRTPER - (M) PRINTING INTERVAL

169.7, C

UJ
o\



APPENDIX C

Alphabetic listing of the names of variablee in the rnodel cross referencing

by equation number where defined and where used.



APURF A4

APURP 80

NAME

ACOPr¡rP

ÂCDPt¡rS

ACEPWP

ACEPt¡JS

ACPA
ALP
ANRULD

APB

APURS
ARALA

BSEI,JS

BTPRF

BTPRP

BTPRS

CÂPCAP

4.1

2
94
rl

74
l3

NO T D.EFINITION

117 ($/vr) AvE cosT oF DEVELoPMENT PER
trELL ( SHARING)

($/T.J) AVE COST OF DEVELOPMENT PER
I'JELL(DRILLED SOLELY )

($/r.r) AvE cosT oF EXPLORATION PER
t.,ELL( SOLELY )

($/W) AVE COST OF EXPLORATION PER
T{,E LL ( SHAR ING )

($/ACRE/M) AVE COST OF ACREAGE
(B/V|/W) MAX ALLO\"ABLE RATE OF PRODUCTION
(ACRES/M) AVERAGE NoRMAL RATE oF USAGE oF

RAI¡t, LAND HOLDINGS
(ACRES/BLOCK) ACRES PER BLOCK OF ÂCREAGE

ACQU I RED
(B/I{) AVE PRovEN RESERVES PER ',,ELL(FARMEDour )
(B/I,,) AVE PROVEN RESERVES PER

I¡,ELL(PARTNERSHIP)
(B/I,,) AvE PRoVEN RESERVES PER 

',JELL( 
SoLELY )

(AcREs/M) AV.RATE oF ACQUISITIoN oF AcREAGE
OVER AV.TIME OF LEASES

(T.,/M) ACTUAL RATE oF EXPLoRAToRY
DRI LLING ( PARTNERSHI P )

(I.,/M) ACTUAL RATE oF EXPLoRAToRY
DRILLING(SOLELY )

(ÂcREs/M) Av. RATE oF USAGE oF ACREAGE0VER
AV. TIME OF LEASES

lll

tt3

t05

IdHERE USED

RCCP. R, I3O/RTCDP, R, J60

RCCS , R , 1 29IRTCDS , R, 1 59

SADEP, A, 1 18/RCEP, R, I28

SADES,A, T 12IRCES,R, 127

RLA,A,4/RcL,R, r37
PRS, R, 91,/PRP, R, 92lPRF, R, 93
DRHOL,A,12

RLA, A,4

RPRF , R,87

RPRP, R,79

RPRS, R,73
RULFON, A ,9,/RLEXP , R, 15

RULDP, R,8/WAREXP, A , 23lDARExp , A,24/'tWEp, L,4OIRCWEP, R,4 l

RULDS,R, 7/I{AREXS,A, 1g/DAREXS,A, 2OITWES, L, 21lRCtrES, R, 22

RLEXP,R, I5

CFLOT¡,, A, 14OlROI, A, 1SO
RDPlrrF, R, TO
RDPþJP, R, 67,/DECFLP, R, 147
RDPIIIS, R, 64lDECFLS, R,,I46
CAPIPP.N,.I55.I

cAPIPS,N,151.1

RLHOL,N,6.I
TWSEF,N,50,1

hrrsEl|tP, N, 32 . l

r¡lTSEWS, N, 28 . t

TPRF,N,86. I

TPRP,N,78. I

TPRS, N,72 . 1

RSPCPS, R , 1 52IRSPCPP , R , 1 56

A

Â

A

A

A
A
A

c

A

A

A

A

R

R

A

ATP
AWLF
AÌT,LP
AtrLS
BCAPIP

136 A
71 A
68A
654

155.2 C

AREXPP 18

AREXPS 17

ARULD 14

BCAPIS 151.2 C

BRLHOL
BSEt,JF

BSEl,trP

Y) AFTER TAX PROFITs/
M) AVE T.,ELL LI FE
M) AVE Ì.'ELL LIFE
M) AVE I,,ELL LIFE

FARMED OUT I{ELL)
SHAR I NG )
OWN SOLELY)

(
(
(

6.2 C
50.2 C

32.2 C

$) BASE VALUE OF CAPITAL INVESTMENT ON
PRODUCTION CAPACITY FOR WELLS DRILLED
UNDER PARÏNERSHIP

($) BASE VALUE OF CAPITAL INVESTMENT ON
PRODUCTION CAPACITY FOR WELLS DRILLED
SOL E LY

(ACRES) BASE VALUE oF RAI,, LAND HoLDINGS
(1.') BASE VALUE OF CUMULATIVE NUMBER OF

FARMED OUT WELLS DRILLED SOLELY
(T,') BASE VALUE OF TOTAL NUMBER OF

SUCCESSFUL EXPLORATORY h'ILD CAT WELLS
DRILLED UNDER PARTNERSHIP

(T.,) BASE VALUE OF SUCCESSFUL EXPLoRAToRY
t.,ILD CAT WELLS DRILLED SOLELY(B) BASE VALUE OF TOTAL PROVEN RESERVES
FROM FARMED OUT WELLS

(B) BASE VALUE oF T0TÂL PRoVEN RESERVES
FROM IdELLS COMPLETEO UNDER PARTNERSHIP

(B) BASE VALUE oF ToTAL PRovEN RESERVES
FROM t.,ELLS DRILLED SOLELY

ß/(B/M) ) CAPITAL INVESTMENT oN PRoDUcIIoN
CAPACITY TO PRODUCE ONE BARREL OF OIL PER
MONTH

24.2 C

86.2 C

74.2 C

72.2 C

153 Â c)
ts



CAPIPP I55
155. t

L ($) CAPITAL INVESTMENT ON PRODUCTION
N CAPACITY. FROM WELLS DRILLED UNDER

PARTNERSHI P

L ($) CAPITAL INVESTMNT ON PRODUCTION
N CAPACITY FROM IilELLS DRILLED SOLELY
A ($/M) CAPITAL AVAILABLE FOR EXPLORATORY

DRI LLING( PARTNERSHI P )
A ($/M) CAPITAL AVAILABLE FOR EXPLORATORY

DRI LLING( SOLELY )
R ($/Y) CLOSING BALANCE FOR DEPRECIATION AND

DEPLETION CASH FLOI.,
R ($/Y) CIOSTruE BALANCE FOR SALES REVENUE
C ($/Ì,J) BASE VALUE OF MEAN VALUE OF COST OF

EXPLORATION PER t¡,ELL DRILLED UNDER
PARTNERSHI P

DECFLP,R, I47

($/r,r) BASE VALUE OF COST OF EXPLORATTON PER MECS,L, rOg/MECS,N,109. I
I,,ELL SOLELY

($/Y) CLOSING BALANCE FOR EXPENDITURE TEXP,L,132
($/y) cAsH FLOW CÂPrS,A,163/CAPrP,A, 164

ALP,4,94
(T) COST INFLATION FACTOR SPCPB,L,1O4IMECS,L,1Og,/MECP,L,1IGISCAP,L,154
(M) COMPANY DESIRED LIFE HORIZON RCCL,A, 166
(M) COMPANY ACTUAL LIFE HORIZON RCCL,A,166
($/B) iNITIAL PRODUCTION COST PER BÂRREL ÂT SPCPB,L,1O4/SPCPB,N,104. I

THE END OF THE YEAR
($/þT) DEVIAIION OF ACTUAL COST OF SACES, Â, 1O6,/SACEP. A, 1 14

EXPLORATTON PER t.,ELL FROM ESTIMATED COST
OF EXPLORATION PER t{ELL

(b,/M) RATE OF EXPLORATORY
DRILLING(DEVELOPMENT I.'ELLS DRILLRD UNDER
PARTNERSHIP )

(W/M) RATE OF EXPLORATORY
DRILLING(DEVELOPMENT I¡'ELLS DRILLED
SOLELY )

(M) DELAY IN CoMPLETING THE EXPLoRATION
($/M) DEPRECIATION AND DEPLETTON CASH FLOW

PER MONTH
(M) DELAY IN COMPLETING THE IJÚELLS
($/M) DEPRECIATION CASH FLO}'
$/M) DEPRECIATION CASH FLOT.' FROM þ'ELLS

DRILLED UNDER PARTNERSHIP
($/M) DEPRECIATI0N CASH FLOÌ¡, FROM I¡TELLS

DRILLED SOLELY
(M) DELAY IN STARTING THE COMPLETION

PROCESS
(9) CAPITAL INVESTMENT ON DEVELOPING THE

I.,ELLS DRILLED UNDER PARÍNERSHIP
(S) CAPITAL INVESTMENT ON DEVELOPING THE

IdELLS DRILLED SOLELY
(1.,/M) MEAN VALUE oF RATE oF ADDITIoN oF

SUCCESSFUL EXPLORATORY DEVELOPMENT I,,ELLS
DRILLED UNDER PARTNERSHIP

(.TJIM) MEAN VALUE OF RATE OF ADDITION OF
SUCCESSFUL EXPLORATORY DEVELOPMENT WELLS
DRILLED SOLELY

($/M) DEPLETIoN CASH FLol¡, PER MoNTH
($,/M) DEPLETION CASH FLOI,' PER MONTH FROM

WELLS DRILLED UNDER PARTNERSHIP

DMSEP, A, 44IDSSEP, A, 45

DMSES. A, 34IDSSES, A . 35

DRSEWS , R, 33

CAP I PS

CAPÏP

CAPTS

CBDFL

CBSALE
CEP

ÐcE
DOFL

151
151.1
164

163

143

DECFLS,R,146

AREXPP,R,18

AREXPS,R,17

TDDFL,L,141

TSALE,L,122
MECP,L, I 1GIMECP,N,1 16

RCWES, R, 22,/RCWEP, R, 4 1

TEXP, L, I32/TASSET, L, 16 I

RRCWF , R,s8/RRCWS, R,sg/RRCl,rP, R,6I
DDFL, R, 13g/TDDFL, L, 14 1

DECFL, R, 144,/CAPIPP, L, 155

DECFL, P.,',t44l C^PIPS, L, 15 1

rrrRÂscs,A, 51lwRAscP,A,52IDRÀSCS, A,s3/DRASCP, A, 54IRCWF, R,57

DPCFLP,R,149

DPCFLS,R,148

DRSEþ'P, R, 39

DDFL, R, 139/TDDFL, L, .I4 
1

DPCFL,R, 145/DINVP, L, 158

123
1 16,.2

CEXP
CFLOh'
CIÂLP
CIF
CLH
cLo
CPB

134 R
140 A
94.2 C

110 R
166. r C
167 A
1o4.2 C

cEs 'tog.2 c

ÐAEI,JS 1O7 A

DAREXP 24 A

DAREXS 20 A

DEC
DECFL
DECFLP

22.1 C
t39 R

60
144
147

146, R

54.1

ÐECFLS

DECP

DINVP

DINVS

DMSEP

DPCF L
DPCF LP

2C
R
R

158
158
't57
157
44

c

L
N
L
N
A

A

R

R

DMSES 34
C)
l..J

f45
't 49



DPCFLS I48 R

DRASCP 54 A

DRASCS 53 A

($/M) DEPLEIION CASH FLOI.' PER MONTH FROM DPCFL,R,145,/DINVS,L,157
t¡JELLS DRILLED SOLELY TO UTELLS DRILLED
SOLELY

(I,,/M) STÂRT RATE OF COMPLETION OF RCI,,P, R,56
SUCCESSFUL EXPLORATORY V'ELLS DRILLED
UNDER PARTNERSHIP

(I.,/M) START RATE OF COMPLETION OF RCII,S,R,ss
SUCCESSFUL EXPLORATORY T¡,ELLS DRILLED
SOLELY

(ACRES) DESIRED AMOUNT OF RAhI LAND HOLDINGS RALA,R,s/RULFO,R,10
(T¡,./M) RATE oF ÂDDITIoN oF SUCCESSFUL TRsEwP,R,42,/DTSEWP,L,46lDRAscP,A,54

EXPLORÂTORY'DEVELOPMENT' WELLS DRILLED
UNDER PARTNERSHIP

(trlM) RAÌE OF ADDITION OF SUCCESSFUL DTSEWS,L,36/TRSEI.,S,R,37IDRASCS,A,53
EXPLORATORY "DEVELOPMENT" hIELLS DRILLED
SOLE LY

(r) sUccEsS RATIo oF EXPL0RAToRY U DMSEP,A,44
DEVELOPMENT" WELLS DRILLED UNDER
PÂRlNERSHI P

(f) succEss RATIo oF EXPLORATORY u DMSES,A,34
DEVELOPMENTU T'ELLS DRILLED SOLELY

('rrlM) STANDARD DEVIATION OF RATE OF DRSEVTP, R,39
ADDITION OF SUCCESSFUL EXPLORATORY "
DEVELOPMENT. I^IELLS DRILLED UNDER
PARTNERSHI P

(T,,/M) STANDARD DEVIÂTION OF RATE OF DRSEIdS, R,33
ADDITTON OF SUCCESSFUL EXPLORÂTORY '
DEVELOPMENT" 

',,ELLS 
DRILLED SOLELY DT (M)

SOLUÏION INTERVAL
(Id) CUMULATIVE NUMBER OF SUCCESSFUL

EXPLORATORY'DEVELOPMENT' l,'ELLS DRILLED
UNDER PARTNERSHIP

(W) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY "DEVELOPMENT' V'ELLS DRILLED
SOLE LY

($/W) ESTIMATED COST OF EXPLORATION PER AREXPP,R,18/SACEP,A, I 14
I.,ELL TO BE DRILLED UNDER PARTNERSHIP

($/t,/) ESTIMATED COST OF EXPLORATION PER AREXPS,R, I7lSÂCES,A,106
trELL TO BE DRILLED S0LELY

(hIlM) RATE oF EXPLoRAToRY DRILLING oF MSEF,A,48lsSEF,A,49
FARMED OUT Tì,ELLS

(1) PROPORTION OF SALES REVENUE FROM FARMED TSRF,A,121
OUÏ I¡,ELLS

PCIF,R,1O2
( I ) FRACTION CHARGED TO GENERAL AND GAEXR, R, 1 3 I

ADMINI STRATION EXPENSES
($/M) GENERAL AND ADMINISTRATION EXPENSES TEXP,L,132

RATE
(B/W/M) INITIAL VALUE OF ALLOh'ABLE RATE OF ALP,A,94

PRODUCTION
( 1 ) cosr INFLATI0N FAcroR crF, R, I lo
( 1 ) PRICE INFLATIoN FAcToR PCIF,R,1o2
(S/B/M) COST OF ADDING PRODUCTION CAPACITY SCAP,L, I54lSCAP,N,154. I

TO PRODUCE ONE BARREL OF OIL PER MONTH

(B/M) LONG TERM AVERAGE PRODUCTION RÀTE
(8,/M) LoNG TERM AVERAGE PRoDUcTIoN RATE

FROM V'ELLS COMPLETED UNDER PARTNERSHIP

PCIF,R,102
cLo,A,167
LÂPR,A,168

DRI+OL
DRSEI{P

ECPEtTP

ECPET'S

EXPF

FF

FP
FRSGA

ICI F
IPIF
I SCAP

IVL
LAPR
LÂPRP

12
39

36
36. 1

A
R

DRSEh'S 33 R

DSRP 44.1 C

DSRS

DSSEP

34.1 C

454

DSSES 35 A

DTSEtTP

DTSEWS

46
46

t15

r08

t6

121 .1

L
N

L
N

A

Â

A

c

3C
1C

lc
1C
2C

GAEXR I3I

I ALP 94. I

102
t31

tto
102
154

102.2 C
168 A
100 L
100.1 N

R

c

c)
(/J



LAPRS

LENGTH
LTAS
MAPT

MECP

99L
99.2 N

169.7 C

99. r C

165 A

L
1N
2C
2C
tc

(.8/M) LONG TERM AVERAGE PRODUCTION RÂTE LÂPR,Â,168
FROM WELLS COMPLETED SOLELY

(M) srMULAiEo oun¡rroru
(M) LONG TERM PRODUCTION AVERAGING TIME LAPRS,L,99/LAPRP,L,1OO
( I) MULTIPLIER TO INCREASE EXPLORATION I¡JHEN CAPTS,A,I63ICAPTP,A,.I64

COMPANY'S LIFE RATIO FALLS
($/tr) MEAN VALUE OF ESTIMATED COST OF ECPET¡JP,A,115

EXPLORATION PER I,,ELL DRILLED UNDER
PARTNERSHI P

($/þJ) MEAN VALUE OF ESTIMÂTED COST OF ECPEl,.'S, A, 1O8
EXPLORATION PER I.,ELL DRILLED SOLELY

(¡¡) exprnv TIME oF RAI¡, LAND HoLDINGS RALA,R,s/RULFO,R,1O,/DRHOL,A,I2,/ÂRALA,A,13,/ARULD,A,I4
(1) MAX FRACTIoN oF ACREAGE FARMED OUT RULFO,R,JO
(B/t.T) MEAN PRoVEN RESERVES PER FARMED OUT SAPURF,A,85

I,JE LL
(B,/t.J) MEAN PROVEN RESERVES PER WELL DRILLED SAPURP,A,8l

UNDER PARTNERSHIP
( 1 ) TABLE GIVING MULTIPLIER FoR RATE oF PRS,R,91IPRP,R,92IPRF,R,93

PRODUCTION CAPACIÏY ADDITION
(B/tr) MEAN PROVEN RESERVES PER h,ELL DRILLED SAPURS,A,75

SOLELY
( 1 ) MEAN SUALITY coEFF IcI ENT OF GEOLOGICAL SCGI , A, 3

INFORMAIION
(T.'/M) MEAN VALUE OF RATE OF ADDITION OF RSEI,'F, R.47

SUCCESSFUL EXPLORAÏORY FARMED OUT I¡,ELLS
(W/M) MEAN VALUE OF RATE oF ADDITI0N oF l¡rRSEh,P,R,29

SUCCESSFUL EXPLORATORY trlLD CAT TELLS
DRILLED UNDER PARTNERSHIP

RCPF, A, 90/STAPF,N, 98. I
RCPP,A, 8g/STAPP,N, 97. I

RCPS, A,88,/STAPS, N,96 . I

CAPTP,A,164

CAPïS,4,163

116 L
t16-1N

MECS

MEXP
MFO
MPRF

MPRP

MPRPt,'

MPRS

MQC

MSEF

MSEP

NPRPVJF
ñPRPt'rP

NPRPU'S

NVREP

t09
t09

8
to
85

a2A
954
764

3.1 c

484
304

88.1 C

164.2 C

tor .2 cr35 A
102 R
lo3 A
f8.2 N

t8.t N

9. t c

lot L
101. 1 N
93R
92R

91 R

c
c

90
89

NVRES 164. I C

(B/W/}N) NORMAL VALUE OF DESIRED PRODUCTION
RATE PER I',ELL COMPLETED UNDER PARTNERSHIP

(B/w/M) NoRMÂL VÀLuE oF DESIRED PRODUCTION
RÂÏE PER |,.lELL COMPLETED SOLELY

( 1 ) NORMAL VALUE FOR FRACTION OF CASH FLOI¡,
RETAINED FOR EXPLORATION(DRILL UNDER
PARTNERSHIP )

( T ) NoRMAL VALUE FoR FRACTIoN oF CASH FLo'¿,
RETAINED FOR EXPLORATTON SPENDING(DRILL
SoLELY )($/B) BASE VALUE OF PRICE PER BARREL PPB,

($/Y) PROFIT BEFORE TAX ATP,
(1) RATIO REFLECTING RATE OF PRICE INCREASE PPB,
($/B) PRODUCTION COST PER BARREL RCP,
( T/M) PROPORTION OF RAI{ LÂND HOLDINGS TO BE

USED FOR DRILLING UNDER PARINERSHIP
( 1/M) PROPORTION OF RAh' LÀND HOLDTNGS TO BE

USED FOR SOLE DRILLING
(1) PRoPoRTIoN oF RAT,, LAND H0LÐINGS FARMED

OUT

($/B) PRICE PER BÂRREL

(B/M) PRoDUcTIoN RÂTE FRoM FARMED oUT h,ELLS
(B/M) PRoDUCTIoN RATE FRoM WELLS CoMPLETED

UNDER PARTNERSHIP
(B/M) PRoDUCTIoN RATE FRoM T.,ELLs CoMPLETED

SOLE LY
(M) PRINTING INTERVÂL

L,1c1/PPB,N,10r. r

A, t36
L, 101
R, t26

AREXPP,R,18

AREXPS,R, I7

RULFON. A, 9

LENGTH,C, I69.7
TSRS,A, I tg,/TSRP, A, 12O,/TSRF 

" 
A, 121

TPRF,L,86/STAPF,L,98
TPRP, L,78,/STÂPP, L,97ILAPRP, L, lOO

TPRS , L ,72/Sr APS, L . 96/LAPRS , L , 99

LENGTH,C,169.7

PB
PBT
PCI F
PCPB
PDP

PDS

PFO

PLÏPER
PPB

PRF
PRP t)

Þ'
PRS

PRTPER



OCGI 3

QCGITLP 77

Â (1) QUALITY COEFFICIENT OF GEOLOGICAL
INFORMAÏION

A (1) QUALITY COEFFICIENT OF GEOLOGICAL
INFORMATION AT TIME OF LEASING

R ($/M) RATE OF ADDITION OF ASSETS
* (ACRES/M) RÂTE OF ACQUISITION OF ACREÂGE
N PER MONTH
A (T) RATIO OF ACTUAL COMPANY'S LIFE TO

COMPANY'S DESIRED LIFE HORIZO
R ($/M) COST OF COMPLEIION(I.'ELLS DRILLED

UNDER PARTNERSHIP)
R ($/M) COST OF COMPLETION(WEIIS DRILLED

SoLELY )
R ($/M) COST OF EXPLORATION(WELLS DRILLED

UNDER PARTNERSHIP)
R ($/M) COST OF EXPLORATION(l¡JELLS DRILLED

SOLELY )
$/M) COST OF ACREAGE
$/M) COST OF PRODUCTION PER MONTH
B/M*'i2) RATE OF ADDITION OF PRODUCTION

CAPACITY ï0 FARMED OUT ITELLS
(e/u**2¡ RATE OF ADDITTON OF PRODUCTION RSPCPP,R,156

CAPACITY TO t¡,ELLS DRILLED UNDER
PARTNERSHIP

(B/M**z) RATE oF ÂDDITIoN oF PRoDUcIIoN RSPCPS,R,152
CAPACITY TO I¡,ELLS DRI LLED SOLELY

( I.,/M ) RATE oF CoMPLET ToN oF EXPLoRAToRY TWEP , L , 4o,/RcEP , R, I28
DRILLING(I.'ELLS DRILLED UNDER PARTNERSHIP

(trlM) RAÌE oF coMpLETIoN oF EXpLoRAToRy rwES,L,2tlRcEs,R,127
DRILLING(WELLS DRILLEÐ SOLELY

(W/M) START RATE OF COMPLETION oF FARMED RRcl¡rF,R,sB
OUT þ'ELLS

(W/M) START RATE OF COMPLETION OF I.,ELLS RRCWP , R ,6I,/TCWP, L,62
DRILLED UNDER PARÏNERDHIP

(T.'/M) START RATE OF COMPLETION OF U/ELLS RRCWS, R,59/TCh'S, L,60
DRILLED SOLELY

(I.J/M) RATE oF DECAY oF PR0DUCING FARMED oUT TPu,F,L,69
WELLS

("J/M) RATE OF DECAY OF PRODUCING T,.IELLS TPhIP. L.66
COMPLETED UNDER PARTNERSHIP

('//M) RATE OF DECAY OF PRODUCING WELLS TPI¡'S, L,63
COMPLETED SOLELY

(AcREs/M) RATE oF ACQUISITIoN oF ACREAGE RALA,R,s/RALA,N,5. I
(ACRES/M) RATE OF EXPIRY OF RAb' LAND RLHOL,L,6

HOLDINGS
(ACRES) AMoUNT oF RAI,, LAND HoLDINGS RALA,R,5/RULFo,R, lolÂREXPS,R,17IAREXPP,R, T8,/RcL,R,137

(%/Y) RETURN ON INVESTMENT
( f ) RATE OF R0YALTY PAYMENTS
(B/M) RATE OF ADDITION OF PROVEN RESERVES

TO FÂRMED OUT ITELLS
(B/M) RATE OF ADDITION OF PROVEN RESERVES

TO WELLS DRILLED UNDER PARTNERSHIP
(B/M) RATE OF ÂDDITIoN oF PRoVEN RESERVES

TO ',,ELLS DRI LLED SOLELY
(I.'/M) RATE OF COMPLETION OF FARMED OUT

trrELLS

ACPA, A, 2/QCGITLP. A, 77

MPRS,A.76/MPRP,^.A2

TASSET,L,161
RLHOL , L , 6/ARÂLA , A , 1 3

MPRPIT/, A, 9s/MAPT, A, 165

TEXP,L. I32

TEXP,L, I32

TEXP,L, I32

TEXP,L,132

TEXP, L, 1 32
TEXP, L, 1 32

TRP,R, I38
TPRF , L,86

ÏPRP , L, 78

TPRS, L, 72

TPlrrF, L, 69/RPRF, R, 87,/RCPF, A, 90

RAASÏ
RALA

RCCL

RCCP

RCCS

RCEP

RCES

RCL
RCP
RCPF

RCPP

162
5
5.1

't 66

130

129

12A

127

137
't26
90

89

88

41

22

57

56

55

70

67

64

4
15

6
6

tso
138
a7

79

73

58

R
R

A

A

RCPS

RCWEP

RCl¡rES

RCh'F

RCtrP

RCWS

RDPWF

RDPl,rP

RDPT¡,S

RLA
RLEXP

RLHOL

ROI
RORP
RPRF

RPRP

RPRS

RRCh'F

A

R

R

R

R

R

R

R

R

A
R

L
1N

A
1C

R

R

R

R

c)
(.'l



RRCl¡rP

RRCtTS

RSALE

RSEltrF

RSPCPP

RULFO

RULFON

SACEP

SACES

SADEP

SADES

SAPURF

SAPURP

SAPURS

SAVPER
SCAP

SECP

sEcs

SPCPB

SPRF

61

59

125

47

't 56

R

R

R

R

R

(Ì.r,/M) RATE OF COMPLETION OF I¡JELLS DRILLED
UNDER PARTNERSHIP

(T.'/M) RATE OF COMPLETION OF WELLS DRILLED
SOLE LY

($/M) RATE OF SALES REVENUE RECEIVED PER
MONTH

(W,/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY FARMED OUT WELLS

($/M**2) RATE OF ADDITION OF INVESTMENT TO
PRODUCTION CAPACITY OF h'ELLS DRILLED
UNDER PARTNERSHIP

($/M**2) RATE OF ADDITION OF INVESTMENT TO
PRODUCTION CAPACITY OF WELLS DRILLED
SOLELY

($/M) RÂTE OF ADDITION OF INVESTMENT ON
DEVELOPMENT TO V',ELLS DRILLED UNDER
PARTNERSHI P

($/M) RATE OF ADDITION OF INVESTMENT ON
DEVELOPMENT TO I,JELLS DRILLED SOLELY

(ACRES/M) RATE OF USAGE OF RA"' LAND
HOLDINGS FOR EXPLORATORY
DRILLING(DRILLEDUNDER PARTNERSHIP )

(ACRES/M) RATE OF USAGE OF RAIV LAND
HOLDINGS FOR EXPLORATORY DRILLING
(DRILLED SOLELY)

(ACRES,/M) RATE OF ACREAGE FARMED OUT

(ACRES/M) RATE oF ACREAGE NORMALLY FARMED
OUT

(9/W) SAMPLE VÂLUE OF AVERAGE COST OF
EXPLORATTON PER WELL DRILLED UNDER
PARTNERSHI P

($/W) SAMPLE VALUE OF ACERAGE COST OF
EXPLORATION PER WELL DRILLED SOLELY

($/",) SAMPLE VALUE OF AVERAGE COST OF
DEVELOPMENT PER I.,ELL DRILLED UNDER
PARTNERSHI P

($/W) SAMPLE VALUE OF AVERAGE COST OF
DEVELOPMENT PER I¡JELL DRILLED SOLELY

(B/W) SAMPLE VALUE OF AVERAGE PROVEN
RESERVES PER FARMED OUT U'ELL

(B/W) SAMPLE VALUE OF AVERAGE PROVEN
RESERVES PER WELL DRILLED UNDER
PARTNERSHI P

(B/T.,) SAMPLE VALUE OF AVERAGE PROVEN
RESERVES PER WELL DRILLED SOLELY

ß/(B/M) ) SAMPLE VALUE OF CAPCAP

($/T.,) STANDARD DEVIATION OF ESTTMATED COST
OF EXPLORATION PER I,¿ELL DRI LLED UNDER
PARTNERSHIP

($/t/) STANDÂRD DEVIATION OF ESTIMÂTED coST
OF EXPLORATION PER I',ELL DRI LLED SOLELY

($/B) COST OF PRODUCTION PER BARREL

(B/I,,) STANDARD DEVIATION OF AVERAGE PROVEN
RESERVES PER FARMED OUT I¡,ELL

TCWP , L ,62/f pWP, L . 66,/RPRP , R , 79IRCPP , A ,8g/RCCP , R ,

, 160
TCWS, L,GOITPWS, L ,63,/RPRS, R, 73IRCPS , A,88,/RCCS, R,

, 159
TSALE , L, 122/GAEXR , R , 1 3 1 /TRP , R , 1 38

TlI'SEF. L,5O,/RCWF , R,57

TEXP, L , 132/CAPLPP, L, 1 s5/RAAST, R, 162

TEXP, L, .I32lCAPIPS, L, 15I,/RAAST, R. I62

DINVP, L, 1s8/RÂAST, R, 162

DINVS, L, 157,/RÂAST, R, I62

RLHOL, L, 6,/ANRULD, A, I 1,/ARULD, A, I4

RLHOL, L,6/ÂNRULD, A, 1 1,/ARULD, A, 14

RLHOL, L,6/ARULD, 
^, 

14/EXPF, 
^, 

16

RULFO, R, 1OIRULFO, N, lO. 1,/ANRULD, Â , 1 1

ACEPì/rP,4,113

ACEPWS,A,105

ACDP1i/P, 4, 1 17

ACDPIrS,A,1f1

APURF , A ,84

APURP, Â,80

APURS. A,74

LENGTH,C, I69,7
CAPCAP,A, I53

ECPEIdP,Â,115

ECPEITJS, A , IOB

PCPB,A,103

SAPURF, A,85

I 3OIRTCDP , R

t 29,/RTCDS , R

RSPCPS 152 R

RTCDP 160 R

RTCDS

RULDP

159

I

RULDS 7

R

R

10R
to.t N
9A

R

A114

t06

118

112

85

8l

75

A

A

A

A

A

A

L
N
c

c

L
N
c

'I 54
'I 54.1
lt5.t

'to8. I

104
104. I
87. I
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SPRP 82.2 C

SPRS

SPþ'
sQc

SSEF

76.2 C

49A

SSEP 3t

8.I C
3.2 C

(B/"') STANDARD DEVIATION OF AVERAGE PROVEN
RESERVES, PER T.,ELL DRILLED UNDER
PARTNERSHI P

(B/I{) STANDARD DEVIATIoN oF AVERAGE PRoVEN
RESERVES PER WELL DRILLED SOLELY

(AcRES/l,r) SPACINc PER hrELL
(I) STANDARD DEVIATION OF QUALITY

COEFFICIENT OF GEOLOGICAL INFORMATION
(þ,/M) STANDARD DEVIATIoN oF RATE oF

ADDITION OF SUCCESSFUL EXPLORATORY FARMED
OUT WELLS DRILLED

(1,,/M) STANDÂRD DEVIATIoN oF RATE oF
ADDITION OF SUCCESSFUL EXPLORATORY WILD
CAT b'ELLS DRILLED UNDER PARTNERSHIP

(M) SMOOTHING FAcToR oF SHoRT TERM AVERAGE
PRODUCTION RÂTE FOR FARMED ITELLS

(M) SMOOTHING FACTOR OF SHORT TERM AVERAGE
PRODUCTION RÂTE FOR I¡,ELLS DRILLED UNDER
PARTNERSHIP

(B/M) SHORT TERM AVERAGE PRODUCTION RATE
FROM FARMED OUI WELLS

(B/I'I) SNONT TERM AVERAGE PRoDUCTIoI.I RATE
FROM I,,ELLS DRILLED UNDER PARTNERSHIP

(B/M) SHoRT TERM AVERAGE PRoDUcTIoN RATE
FROM I.,ELLS DRILLED SOLELY

(m) s¡¡oorHING FAcToR oF sHoRT ÎERM ÂVERAGE
PRODUCTION RATE FOR I,,ELLS DRILLED SOLELY

($/ACRE/M) TABLE GIVING COST OF ACREAGE
(BLOCKS/Y) TABLE GIVING BLOCKS OF ACREAGE

ACQUIRED PER YEAR
(T) TABLE GIvING MULTIPLIER FoR EXPL0RATIoN

SPEND I NG
(B/',/) TABLE GIVING AVERAGE PRoVEN REsERVES

PER ',,ELL DRILLED SOLELY
(B/I.J) TABLE GIVING AVERAGE PROVEN RESERVES

PER WELL DRILLED UNDER PARTNERSHIP($) rorAl AssErs

(1) TAX RATE
(ur) -roTÂL TTJELLS IN THE PROCESS OF

COMPLETION(DRILLED UNDER PARTNERSHIP)
(t{) ToTAL ITELLS IN THE pRocESS oF

COMPLETION( DRILLED SOLELY)
($) TOTAL DEPRECIAIION AND DEPLETION CASH

FLOl.,
($/Y) DEPRECIATION AND DEPLETION CASH FLOIil

REPORTED
($) ToTAL EXPENDITURE

($/Y) TOTAL EXPENDITURE REPORTED
(B) TOTAL PROVEN RESERVES
(B) TOTAL PROVEN RESERVES FROM FARMED OUT

t¡TELLS
(B) TOTAL PROVEN RESERVES FROM WELLS

COMPLETED UNDER PARTNERSHIP
(1) TABLE GIVING MULTIPLIERS FoR DESIRED

PRODUCTION RATE PER ì,,ELL PER MONTH

SAPURP, A,8 l

SAPURS, A,75

RULDS , R , 7/RULDP, R . 8/EXPF , A , 1 6/aREXpS , R , 1 7/AREXpp , R , 1 8
QCGI,A,3

RSEV'F , R ,47

lrrRSEhrP, R, 29

STAPF , L,98

STAPP, L ,97

ÂwLF,Â,71lTSRF,A,121

AI.'LP, A, 68,/LAPRP, N, .IOO. 
1 /TSRP, A, 1 2OlRCP, R,, 126 / DPCFLP, R, I49

Ar¡rLS, A,65,/LAPRS,N,99.2/TSRS, A, 119/RCp ,R,'t26/DpCF LS, R. .t48

STAPS, L,96

ACPA,A,2
RLA,Â,4

MAPT,A,165

MPRS, A,76

MPRP, A,82

ROI,4,150

ATP,A, I36

TDFLR, A, 1 42/CBDFL, R, r43

cFLOW,A, t40

TEXPR,A, 133/CEXP, R, 134

PBT.A, I35
cLo,A,167
AWLF, A, 7 1

AWLP, A, 6el1PRES, a, 83/DPCFLp, R, 149

MPRPW. A ,95

A

STAF

STAP

STAPF

STAPP

STAPS

STÂS

TAB I
TAB2

TAB6

TABT

TABS

TASSET

TAX
TCIdP

TCWS

TDDFL

TDFLR

TEXP

TEXPR
TPRES
IPRF

TPRP

TPRPlt,

98.2 C

97.2 C

L
IN

L
IN

L
IN
2C

98
98
97
97
96
96
96

2.1 f
4.2 T

165. I T

76.1 T

42.1 T

161
l6l
136
62
62
60
60

141
141
142

c)
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L
N
c
L
N
L
N
L
N
A

L
N
A

Â
L
N
L
N
T

78

132
132.2
r33
83
86
86. I

78. I
95. 1



TPRS

TPI'F

TPtrP

TPWS

TRP
TRSEWP

72
72.1
69
69. I
66
66. I
63
63. I

138
42

L
N
L
N
L
N
L
N
R

R

R

L
N
A
A

A

A

c

L
N
L
N
L
N
L
N

L
N
c

c

c

A

A

A

c

A

A

(I¡,) T0TAL PRoDUcING ¡,ELLs(COMPLETED UNDER RÐPWP,R,67lPRP,R,92lsTAPP,N,97..I
PARTNERSHIP )

(1.,) ToTAL PRoDUcING hIELLS(CoMPLETED SoLELY) RDPWS,R,64lPRs,R,9IISTAPS.N.96.1

(B) TOTAL PROVEN RESERVES FROM hIELLS
COMPLETED SOLELY

(T{) ToTAL PRoDUCING FARMED oUT I¡/ELLS

($/M) ROYALTY PAYMENTS
(t.,/M) RATE oF ADDITIoN oF SUGGESSFUL

EXPLORATORY h'ELLS DRILLED UNDER
PARTNERSHIP

(W/M) RATE OF ADDITION OF SUCCESSFUL
EXPLORATORY WELLS DRILLED SOLELY

$) TOTAL SALES REVENUE

($/Y) TOTAL SALES REVENUE REPORTED
($/M) SALES REVENUE PROCEEDING TO THE

COMPANY FROM FARMED OUT l.rELLS
($/M) SALES REVENUE RECEIVED FROM WELLS

DRILLED UNDER PARTNERSHIP
($/M) SALES REVENUE RECEIVED FROM T¡,ELLS

DRILLED SOLELY
(M) TIME 10 AVERAGE RATE OF ACQUISITION OF

RAW LAND
(h,) TOTAL I¡,lELLS IN EXPLORATION

PROCESS(DRTLLED UNDER PARTNERSHIP)
(Ì.,) TOTAL I¡¡ELLS IN EXPLORATION

PROCESS(DRILLED SOLELY )
(T.,) CUMULATIvE NUMBER oF SUccESSFUL

EXPLORATORY FARMED OUT WELLS
(w) CUMULATIvE NUMBER oF SUCCESSFUL

EXPLORATORY I.,ELLS DRILLED UNDER
PARINERSHI P

(W) CUMULATIVE NUMBER OF SUCCESSFUL
EXPLORATORY IdELLS DRILLED SOLELY

(1) ULTIMATE RECoVERY FAcToR(FARMEO OUT
l{ELLS )

(I) ULTIMATE RECOVERY FACTOR(WELLS DRILLED
UNDER PARTNERSHIP)

(T) ULTIMAÎE RECOVERY FACTOR(WELLS DRILLED
SOLELY )

('¡,/M) RATE OF EXPLORATORY DRILLING (T.'ILD
CAT h'ELLS DRILLED UNDER PARTNERSHIP)

(I{/M) RATE OF EXPLoRÀToRY DRILLING (hIILD
CAT 

',JELLS 
DRI LLED SOLELY )
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