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FOREWORD

The In-situ Combustion Predictive Model (ICPM) was developed
for and in conjunction with the members for the Thermal Task
Group of the National Petroleum Council (NPC) for use in the
1982-1984 NPC study on enhanced oil recovery (EOR) potential.
The model was designed to conform to the methodology and
structure of the suite of models being used in the study.
This insured that all models would calculate and report the
predicted oil recovery and economics in an identical manner.
As in the other models, the in-situ combustion model contains

an extensive set of default equations to calculate
non-critical reservoir properties, flood properties, and
economic criteria. The Department of Energqgy, Bartlesville

Project Office, supported the NPC and has maintained the
models since the NPC study was completed.

The DOE, in a cooperative ‘research program with the Ministry
of Energy and Mines of Venezuela (MEMV), has made this
predictive model available to Venezuela for documentation.
Annex III of the cooperative research program required
Venezuela to select and fund a contractor to document the five
models used in the 1984 study. SSI was selected as the
contractor to document the models. The documentation for ICPM
is being published as a joint DOE/MEMV document.

The code listing has been added to the end of this report to
provide the wuser maximum use of the documentation package.
The user may wish to change the data input methodology to
read the extensive data required for the model from a sequen-
tial file (user defined). This change will facilitate the
user evaluating sensitivity runs on specific reservoir prop-
erties and in-situ combustion parameters as +the wuser, on
making an input error, is required to start at the beginning
of data input.

Carlos Espinoza R. Michael Ray

INTEVEP Department of Energy

Los Teques, Venezuela Bartlesville Project Office
South America Bartlesville, Oklahoma

United States of America
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SECTION 1
SUMMARY OF IN-SITU COMBUSTION PREDICTIVE MODEL

1.1 INTRODUCTION

The In-Situ Combustion Predictive Model (ICPM) was developed by
Scientific Software-Intercomp for the National Petroleum Council (NPC)
for its 1984 survey of U.S. enhanced o0il recovery potential (NPC,
1984) . *

The architecture of the ICPM is similar to that of the other
predictive models in the series (Paul et al, 1982; Aydelotte and Pope,
1983; Paul et al, 1984): an oil rate versus time function for a
single pattern is computed, the results of which are passed to the
economic calculations. Data for process costs, reservoir development
costs, and operating costs, and a pattern schedule if multiple
patterns are desired, allow the computation of discounted cash flow
and other measures of profitability.

A brief summary of the oil recovery and economic calculations for the
ICPM is given in Sections 1.2 and 1.3.

1.2 OIL RECOVERY CALCULATIONS

The ICPM oil recovery algorithm is based on the work of Brigham,
et al (1980), who correlated the major variables in the combustion
process to the results of 12 field pilot tests. Their correlation
relates oil burned and oil produced to the amount of air injected and
the reservoir volume, and is for dry combustion only. A method to
predict wet combustion performance was added by NPC based on
laboratory data (Garon and Wygal, 1974; Prats, 1982).

*References may be found in Section 8.
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The assumptions and limitations of the ICPM are:

1. No free gas saturation

2. Empirical sweep efficiency based on pattern size

3. Constant air-to-fuel ratio of 70 MCF air burned/bbl oil
burned

L, Produced water = injected water + water displaced during
combustion - water remaining in burned volume

5. Water saturation in burned volume is 20% for wet combustion,
0% for dry combustion

6. Produced gas = injected nitrogen + gaseous reaction products
- gas contained in burned volume

7. Amount of reaction gases is two-thirds of injected oxygen

8. Gas saturation in burned volume is 80% for wet combustion,
0% for dry combustion

9. Air injection rate based on 10 year pattern life

10. Constant air injection rate after first year of project

11. Production-to-injection well ratio is 2:1. (This value
represents an inverted seven-spot pattern, or a midpoint
between an inverted five-spot pattern and nine-spot pattern
development)

The input parameters for the combustion model are calculated in
subroutine COEF1. These are pattern area, AREAP (see Eq. 3.11, Section
3.1), number of injection wells, WELLSI (Eq. 3.12), pattern volume,
PATVOL (Eq. 3.13), air requirement, AR (Eq. 3.14), water-air ratio,
FWA (0.0 for dry combustion, 1.0 for wet combustion), air injection
rate, ARIN (Eq. 3.15), and injection pressure, PINJ (psia):

PINJ = (ARIN*ALOG(626.*AREAP**0,5)/
(2.2%10.%*(-5,0-FWA) *PERM*TNET) +
PFORM*PFORM) **(,5, (1.1
with the restriction that if PINJ < PFORM, PINJ = PFORM + 200.
The  combustion performance predictions are made in subroutine
COMR. The model first calculates the compressor horsepower requirement

per pattern, HPP, used to compute cost of air compressors.

HPP = AIRN/1000.*48.13*PDP*%0,25, (1.2)
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where

PDP = 1.2%(1,81E-6*XXL*ARIN*ARIN .+
PINJ*PINJ)**0.5, (1.3)

is the compressor discharge pressure, and
XXL = DEPTH + 1500. (1.4)

The cumulative air (MMSCF) and water injected (MSTB) over time-
step I are, respectively

CUMIA(I) = CUMIA(I-1)+ARIN*DT*365,.25/1000., (1.5)

CUMIW(I)

CUMIW(I-1)+0.5*FWA*ARIN*DT*365.25/1000., (1.6)
with ARIN appropriately modified until fill-up, and DT = 0.25 yr. for
times less than one year, and 0.50 yr. for all other times. The
cumulative oil burned as fuel is (MSTB)

CUMOB(I) = CUMIA(I)/AFR, (1.7)

where AFR is the air-fuel ratio fixed at 70.0 MSCF/STB (NPC, 1984).
The reservoir volume burned (ac-ft) is ‘

VB = (CUMIA(I)-CUMIA(I-1))*1000./AR/43560. (1.8)
Cumulative oil produced (MSTR) is calculated using the second
correlation curve (Figure 6) of PBrigham, et al (1980), with the
correlation extrapolated to 100% recovery.

CUMOIL(I) = OIP*0,64*ATAN(Y)-CUMOB(I), (1.9)

where the oil-in-place at the initiation of the combustion project is
(MSTB)

0IP = 7758.*POR0OS*SOI*AREAP*TNET/BOI/1000., (1.10)
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and

Y = 0.581*X*%0,82, (1.11)
X = C1*C2*(CUMIA(I)+CUMIW(I))*1000., (1.12)
C1 = 0.427%S0I-0.00135*TNET+2.196/VIS0**0.25, (1.13)
C2 = 0.95/((AREAP*TNET*7758.,/BOI)*

(1.-POR0OS)), (1.14)
where in Equation 1.14 the oxyaen utilization is assumed as 95%.

Cumulative gas produced (MMSCF) is the air injected as nitrogen
less gas in the burned volume, with the assumption of a burn zone
temperature of 1260°F at PINJ

CUMGAS(I) = CUMGAS(I-1)+(0.93*ARIN*DT*365.25~
(1.-SWR*FWA)*1,93*VB*PINJI*POR0OS)/1000., (1.15)

where SWR, the residual water saturation after combustion, is fixed at
0.20.

Cumulative water produced (MSTB) 1is the water injected and
displaced less water in the burned volume

CUMWAT(I) = CUMWAT(I-1)+(FWA*XARIN*DT*365.25+
(1.-SWR*FWA-SOI)*VB*7758.*POR0S/
BWI)/1000. (1.16)

The ICPM was validated against several field projects, and the
results may be found in the NPC report (NPC, 1984).

1.3 ECONOMIC CALCULATIONS

The ICPM economic calculations are used to convert predicted
performance data from the oil recovery algorithm into a cash flow
analysis extending over the life of the project. This analysis
combines forecasts of revenue, costs, expenses, and taxes into an
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annual balance sheet. The model also permits an evaluation of the
uncertainty of future earnings as a result of changes in key variables
and thus an evaluation of project risk.

The economic calculations require three types of data:

1. Project definition (pattern development schedule, wells
drilled and converted, etc). Once the performance of a
single pattern has been determined, a schedule of the number
of patterns per year to be initiated is used to superpose
the pattern rates into an overall project performance. This
procedure implicity assumes that all patterns in the project
perform identically (i.e., second year oil and water rates
for every pattern are the same regardless of when the
pattern comes on stream). Also superposed are the capital
costs of drilling and equipping wells assoclated with
developing each pattern. From this schedule, the total
multiple pattern proiect o0il, water and gas rates are
calculated as well as the total amount of fluid injected. By
combining the well and pattern implementation schedules, a
capital investment schedule is obtained. A fraction of this
capital requirement may be borrowed and repayed over the
life of the project. The fixed and variable operating costs
are then calculated based upon the project performance
schedule. These latter costs include such items as
maintenance costs, water treating and disposal costs, etc.

2. Economic data. These include prices, costs, tax rates,
discount rate, escalation (inflation) rates, and capital
schedule,

3. Range of uncertainty for key variables.

Estimating Risk

The parameter method (Davidson and Cooper, 1976) is used to
compute uncertainty in present value. This method deals with the
parameters of the probability distributions rather than the
distributions and, with reasonable assumptions about distribution
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form, can estimate the probability of achieving various levels of
present value,

The parameter method requires that the uncertain parameters
(data) must be statistically independent. For this reason, uncertainty
in performance of the reservoir is considered as a single parameter
(UNCO, Card E6, Section 2.2). Other variables, such as costs, revenues
and expenses, should be mutually independent. If dependence between
parameters is established, the parameters should be re-arranged to
minimize dependence. In the ICPM, unit prices, costs, and capital are
defined as the uncertain variables, in addition to the uncertainty in
oil production. Escalation, inflation and tax rates are treated as
certain and constant values over the life of the project.

The mean and variance of each of the uncertain variables are then
estimated. The mean is the weighted average value of all possibilities
found in the probability distribution of a parameter, and the variance
is the weighted averaae of all squares of differences from the mean.
Three values of a parameter are used to calculate the mean and
variance:

1. Low value - a value of the parameter small enough so that
only a 10 percent chance exists of a smaller value;

2. The most-likely value; and

3. High value - a value large enough that there is only a 10
percent chance of a higher value.

Finally, the means and variances are combined into the
quantities of interest, such as -revenues, expenses, and costs. Once
combined, the assumption of a resulting log-normal distribution is
made. The mean and variance of the present value are known and
estimations of present value at 10% (upside potential), 50%, and 90%
(downside risk) probability are computed (see Table 4-12).



Profitability Indices

The calculated mean (50 percent) present value is presented in
various formats to allow the direct comparison of costs and benefits,
The present value of project revenues, costs and expenses are also
reported to allow for an analysis of the components of project present
value.

The final economic results are presented in terms of five
measures of profitability:

1. Discounted Cash Flow (DCF), which represents the present
value profit of the project;

2. Payout, which is the time required for present value profit
to equal present value investment;

3. Discounted Cash Flow Rate of Return (DCFROR), which is
the discount rate that reduces the DCF to zero;

4. Profit-to-Investment Ratio (P/I), which is the present value
per dollar invested; and

5. Investment Efficiency, the ratio of total DCF to maximum
negative DCF.

The strengths and weaknesses of these criteria are discussed in
detail by Capen, et al (1976). DCF is the most widely accepted measure
of project performance but it fails to recognize capital limitations
and requires the specification of a discount rate. If DCF is used, a
uniform discount rate should be applied to all cases considered,
generally a discount rate based upon the average cost of capital.

Payout as an economic measure does provide an important measure of
project performance. Since payout does not consider cash flow after
the payout period ends, it is a poor ranking criteria. The advantage
of including payout in the analysis allows for the recognition of
minimum operating time required for a project, which can be important
to operators seeking short-term returns when unstable environments
make long operating periods unlikely.
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DCFROR is a very popular economic criteria, and this measure
obviates the need to specify a discount rate as in DCF. Problems with
this criteria may result when comparing projects at different discount
rates, since a project at a lesser DCFROR may have a greater present
value at a company's costs of capital.

The P/I is the ratio of the project's total profit to the total
investment required. The P/I recognizes capital limitations and gives
a method of ranking projects in such a way as to maximize the profit
per dollar invested. However, the sensitivity to cash flow timing is
lost. A similar measure to the P/I ratio, the Profit-to-Expense Ratio
(P/E), is also computed by the model.

Investment efficiency is defined as the ratio of the maximum
cumulative discounted cash flow at economic life (Tg in Figure 1-1)
to the maximum cumulative negative discounted cash flow (at time T in
Figure 1-1). Investment efficiency is an excellent ranking method for
enhanced o0il recovery projects, which are heavily front-end loaded
with high capital and operating expenses. Investment efficiency was
the basis for ranking projects used in the 1984 NPC survey.

1.4 PROGRAM DIMENSIONS AND STORAGE REQUIREMENTS

Annual variables are dimensioned = 50, cumulative variables =
200. Dimensions for all variables are given in Section 5.

The ICPM requires approximately 35,000 words (base 10). This is
equivalent to approximately 140,000 bytes on a 32-bit computer. I/O
buffers are not included in this estimate.

1.5 SPECIFICATION OF I/O UNITS

FORTRAN I/0 units are as follows:

Unit 5 - User input file

Unit 6 - Output print file

Unit 7 - Scratch file for input data processing
Unit 15 - Plot file

1-8
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SECTION 2
ICPM DATA ENTRY

DETAILS OF RESERVOIR AND ECONOMIC DATA ENTRY ARE GIVEN HERE.
A CONDENSED SUMMARY OF THE DATA ENTRY IS GIVEN IN TABLE 2-1.

THREE TYPES OF DATA ARE INDICATED (NO BLANK DATA ALLOWED):

1. "REQUIRED" DATA - PROGRAM WILL NOT RUN UNLESS A VALUE
GREATER THAN ZERO IS ENTERED.

2. "DEFAULT" DATA - IF ZERO IS ENTERED, DATA DEFAULTS TO THE
VALUE INDICATED. VALUES GREATER THAN ZERO ARE USED AS
SPECIFIED, UNLESS A MINIMUM VALUE IS INDICATED.

3. "NO DEFAULT" DATA - ANY VALUE ENTERED, INCLUDING ZERO, IS
USED AS SPECIFIED.

2.1 RESERVOIR DATA

CARD R1 ***** TITLE
READ(IR,) TITLE
MAY BE UP TO 80 ALPHA-NUMERIC CHARACTERS

CARD R2 ***** RUN CONTROLS
READ(IR,) IRES, IPAT, IWRIT, IECON

IRES - ENTER ZERO

IPAT - ENTER ZERO

IWRIT - CONTROLS PRINTING OF RESULTS OF RESERVOIR
CALCULATIONS (NO DEFAULT, SEE TABLE 2-2)
= 0, PRINTS ONLY FINAL RESULTS
= 1, ALSO PRINTS CUMULATIVES

IECON - CONTROLS ECONOMIC ANALYSIS (NO DEFAULT)
= 0, NO ECONOMIC CALCULATIONS, SKIP CARDS El TO E20
= 1, ECONOMIC ANALYSIS OF PERFORMANCE AS PREDICTED BY THIS

MODEL, READ CARDS E1 TO E20

CARD R3 ***** RESERVOIR DESCRIPTION DATA
READ(IR,) DEPTH, PFORM, TFORM

DEPTH - RESERVOIR DEPTH, FT (REQUIRED)

PFORM - RESERVOIR PRESSURE, PSIA (DEFAULT: PFORM=14.7+DEPTH*PGRAD,
WHERE PGRAD=0.433/2.0 PSI/FT)

TFORM - RESERVOIR TEMPERATURE, DEG. F. VALUE ENTERED MUST BE
.GE. 60. (DEFAULT: TFORM=70.0+DEPTH*GGRAD, WHERE
GGRAD=0.011 DEG.F/FT)
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CARD R4 ***** RESERVOIR DESCRIPTION DATA
READ(IR,) TNET, PERM, POROS
TNET ~ TOTAL NET PAY THICKNESS, FT (REQUIRED)
PERM - RESERVOIR ABSOLUTE PERMEABILITY, MD (REQUIRED)
POROS - RESERVOIR POROSITY, FRACTION (REQUIRED)

CARD R5 ***** INITIAL CONDITION DATA
READ(IR,) SOI, SGI, SWI

S01 - CURRENT OIL SATURATION IN RESERVOIR, FRACTION (REQUIRED)
SGI - CURRENT GAS SATURATION IN RESERVOIR, FRACTION

(ENTER 0.0, GAS SATURATION NOT USED)
SWI - CURRENT WATER SATURATION IN RESERVOIR, FRACTION (REQUIRED)

CARD R6 ***** FLUID DATA
READ(IR,) API, VISO, BOI, BWI

API - OIL GRAVITY, DEG.API (REQUIRED)
VISO - DEAD OIL VISCOSITY, CP (DEFAULT: SEE SECTION 3)
BOI - OIL FORMATION VOLUME FACTOR, RB/STB
(DEFAULT: SEE SECTION 3)
BWI - WATER FORMATION VOLUME FACTOR, RB/STB

(DEFAULT: SEE SECTION 3)

CARD R7 ***** CASE DATA
READ(IR,) AREA, WELLSP, ARIN, FWA, SWEEP ,BRNMX
AREA - TOTAL DEVELOPED AREA, ACRES (REQUIRED)
WELLSP - NUMBER OF PRODUCING WELLS IN DEVELOPED AREA (REQUIRED)
NOTE: MODEL CALCULATES PATTERN AREA= AREA/WELLSP/2. ,
WHERE NUMBER OF INJECTION WELLS = WELLSP/2.
ARIN - AIR INJECTION RATE, MSCF/D (DEFAULT: SEE SECTION 3)
FWA - WATER/AIR RATIO, STB/MSCF _
-1.0, FOR DEFAULT: IF PERM .GE. 100. AND VISO .GE. 10.,
WET COMBUSTION USED TO CALCULATE AIR REQUIREMENT,
OTHERWISE DRY COMBUSTION USED
0.0, FOR DRY COMBUSTION
1.0, FOR WET COMBUSTION
MAXIMUM VOLUME SWEPT, FRACTION
IF 0.0, THEN DEFAULT BASED ON PATTERN AREA AS FOLLOWS:
0.40, FOR AREA .GE. 20. ACRES
0.50, FOR 5.0 .LE. AREA .LT. 20. ACRES
0.60, FOR AREA .LT. 5.0 ACRES

SWEEP

BRNMX

MAXIMUM THICKNESS PER BURN ZONE, FT
0, DEFAULTS TO 150. FT FOR EACH BURN ZONE
EQUALS THICKNESS OF EACH ZONE IN FT
0, DISABLES OPTION, AND ONE BURN ZONE
OF THICRNESS = TNET WILL BE USED

AV
°

CARD R8 ***** END CARD (READ ONLY IF IECON = 0 ON CARD R2)
READ (IR,) END
END - "END" IN COLUMNS 1-4
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2.2 ECONOMIC DATA

THE FOLLOWING CARDS ARE TO BE READ IF IECON =1 ON CARD R2.

CARD E1 ***** TITLE
READ(IR,) TITLE
MAY BE UP TCO 80 ALPHA-NUMERIC CHARACTERS

CARD E2 ***** CASE CONTROLS
READ(IR,) M,ISTATE,IDIST,IOQUT,IFIT,IDAT,NCT,NCI,IDISC,

IS0, IDEBT

M - NUMBER OF YEARS IN THE PROJECT (FOR ALL PATTERNS)
M MUST BE .LE. 50

ISTATE - STATE CODE. USED TO DEFAULT WELL CAPITAL COSTS
(DRILLING, COMPLETION, CONVERSION, UPGRADING)
BY REGION OF U.S. SEE SECTION 3 FOR EXPLANATION OF
OF DEFAULTS BY REGION. TO INVOKE DEFAULTS FOR WELL
CAPITAL COSTS, ENTER THE APPROPRIATE NUMBER 1-52 FROM THE
TABLE BELOW, AND WPP'S AS REQUIRED ON CARD E7.

CODE  ALPHA STATE CODE ALPHA STATE
1 AL ALABAMA 27 NV NEVADA
2 AZ ARIZONA 28 NH NEW HAMPSHIRE
3 AR ARKANSAS 29 NJ NEW JERSEY
4 Ca CALIFORNIA 30 LI NEW MEXICO
5 Co COLORADO 31 NY NEW YORK
6 CT CONNECTICUT 32 NC N.CAROLINA
7 DE DELAWARE 33 ND N.DAKOTA
8 DC WASH D.C. 34 OH OHIO
9 FL FLORIDA 35 OK OKLAHOMA
10 GA GEORGIA 36 OR OREGON
11 ID IDAHO 37 PAa PENNSYLVANIA
12 IL ILLINOIS 38 RI RHODE ISLAND
13 IN INDIANA 39 sC S.CAROLINA
14 Ia Iowa 40 SD S .DAKOTA
15 KS KANSAS 41 TN TENNESSEE
16 KY KENTUCKY 42 X TEXAS
17 LA LOUISIANA 43 uT UTAH
18 ME MAINE 44 vT VERMONT
19 MD MARYLAND 45 va VIRGINIA
20 MA MASS 46 WA WASHINGTON
21 MI MICHIGAN 47 wv WEST VIRGINIA
22 MN MINNESOTA 48 WI WISCONSIN
23 MS MISSISSIPPI 49 WY WYOMING
24 MO MISSOURI 50 AK ALASKA
25 MT MONTANA 51 HI HAWAII
26 NE NEBRASKA 52 PO OFFSHORE
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IDIST

I0UT

IFIT

IDAT

NCT

NCI

IDISC

TO DISABLE DEFAULTS FOR WELL COSTS, ENTER WPPl=WPP2=WPP3=
WPP4=0.0 ON CARD E7. THEN WELL COSTS MAY, IF DESIRED,

BE ENTERED AS PART OF CAPITAL COSTS ON CARDS E18-Ei9. IF
WPP'S=0.0 ON CARD E7 AND ISTATE = 1-52 ON THIS CARD, THEN
MODEL PENALIZES OIL PRICE BASED ON API GRAVITY AND
LOCATION., SEE SECTION 3 FOR EXPLANATION OF PENALITIES.

IF PROJECT IS OUTSIDE U.S. OR IT IS DESIRED TO DISABLE OIL
PRICE PENALTY, ENTER WPP'S = 0.0 ON CARD E7 AND ISTATE = 53
ON THIS CARD. NOTE: IF ISTATE = 53 SELECTED, USER MUST
ENTER WPP'S = 0.0 ON CARD E7.

DISTRICT CODE (WITHIN A STATE). USED TO DEFAULT WELL COSTS.
SEE SECTION 3 FOR DEFAULTS. IF OUTSIDE U.S. OR IF
ISTATE= 53, ENTER IDIST=0. FOR TEXAS RAILROAD COMMISSION
(RRC) DISTRICTS, ENTER (RRC NO. * 10) + Y, WHERE

Y 1 FOR A
2 FOR B
3 FOR C

EG., FOR DISTRICT 10B ENTER 102, ETC.

INTERMEDIATE OUTPUT CONTROL (NO DEFAULT, SEE TABLE 2-2)

0, MINIMUM OUTPUT GIVING RESULTS ONLY

1, PLUS ANNUAL CASH FLOW, PROJECT SCHEDULE, AND
UNDISCOUNTED RESULTS

= 2, PLUS PROJECT MEAN RESULTS AND "DCFROR"

INTERMEDIATE RESULTS

FEDERAL INCOME TAX CREDIT OPTION (NO DEFAULT)

= 0, ALLOWS A TAX CREDIT TO OFFSET LOSSES

= 1, NO TAX CREDIT ALLOWED

CONTROL FOR READING PRICE AND COST DATA

= 0, DEFAULT PRICES AND COSTS USED, SKIP CARDS El4-El7;
SEE E14-E17 FOR DEFAULT VALUES

= 1, READ CARDS El4-El17 FOR PRICE AND COST DATA

CONTROL FOR READING TANGIBILE CAPITAL INVESTMENT PER

PATTERN IN ANY GIVEN YEAR. INVESTMENTS WILL BE TIMED

ACCORDING TO PATTERN SCHEDULE ON CARD E13.

= 0, DO NOT READ TANGIBLE CAPITAL INVESTMENT ON CARD E18

= 1, READ TANGIBLE CAPITAL INVESTMENT ON CARD E18

CONTROL FOR READING INTANGIBLE CAPITAL INVESTMENT PER

PATTERN IN ANY GIVEN YEAR. INVESTMENTS WILL BE TIMED

ACCORDING TO PATTERN SCHEDULE ON CARD El3.

= 0, DO NOT READ INTANGIBLE CAPITAL INVESTMENT ON CARD El9

= 1, READ INTANGIBLE CAPITAL INVESTMENT ON CARD E19

CONTROL FOR DISCOUNTING METHOD (NO DEFAULT)

= 0, YEAR END DISCOUNTING FACTORS USED

1, MID-YEAR DISCOUNTING FACTORS USED
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IS0

IDEBT

|
nwaunt

CONTROL FOR READING SECONDARY OIL VOLUMES (NO DEFAULT)
= 0, DO NOT READ SECONDARY OIL VOLUMES
1, READ SECONDARY OIL VOLUMES ON CARD Ell
ONTROL ON DEBT CALCULATIONS (NO DEFAULT)
0, NO CAPITAL BORROWING DEBT CALCULATIONS
1, INCLUDE CAPITAL BORROWING BASED ON DATA INPUT
ON CARD E3

CARD E3 ***** DEBT CONTROLS (READ IF IDEBT = 1 ON CARD E2)
READ(IR,) PCTDBT,DBTINT,NYRRPY,NYPAID
PCTDBT - PERCENT OF CAPITAL (TANGIBLE AND INTANGIBLE) COSTS

TO BE BORROWED, PERCENT (DEFAULT=20.)

DBTINT - DEBT INTEREST RATE, PERCENT (DEFAULT=15.)
NYRRPY - FIRST YEAR OF DEBT REPAYMENT (DEFAULT=l.)
NYPAID - LAST YEAR OF DEBT REPAYMENT (DEFAULT=5.)

CARD E4 ***** CAPITAL COST DATA
IF DEFAULTING CAPITAL COSTS FOR WELLS (NCT=NCI=0 ON CARD E2 AND
WPP1+WPP2+WPP3+WPP4.NE.0.0 ON CARD E7), THEN OTHER CAPITAL COSTS
ENTERED ON THIS CARD WILL BE ROLLED-UP WITH WELL COSTS TO GIVE
TOTAL CAPITAL. HOWEVER, IF CAPITAL COSTS ARE READ IN ON CARDS
E18-E19 (NCT=NCI=1 ON CARD E2), THEN ONLY COMPRESSOR COSTS
(CCOST) FROM THIS CARD WILL BE INCLUDED IN CAPITAL ROLL-UP, AND
$ FOR GTRT, WIRT, ETC. SHOULD BE INCLUDED IN CAPITAL INVESTMENTS
ENTERED ON CARDS E18-El9.

READ(IR,)
CCosT -
GTRT -
WIRT -
CTACR -

DCE -

PLANT -

CCOST, GTRT, WIRT, CTACR, DCE, PLANT

COMPRESSOR COST, $/HP (DEFAULT= 1000.)

WASTE GAS TREATING COST, $/MSCF/D (DEFAULT= 50.)

WATER TREATING AND RECYCLE COST, $/BBL/D (DEFAULT= 75.)
AIR DISTRIBUTION, VAPOR RECOVERY, AND

SURFACE FACILITIES COST, $/ACRE (DEFAULT= 26500.)

WELL DRILLING/COMPLETION/EQUIP COST, $/FOOT .(DEFAULT=100.)
NOTE: IF WPP1=WPP2=0.0 ON CARD E7, DCE NOT USED

CENTRAL PLANT FACILITIES COST, $/STB/D (DEFAULT= 500.)

CARD E5 ***** QPERATING COST DATA
READ(IR,) WOCOST, WTICOST, WDCOST, COSTML, COSTTI

WOCOST

WTCOST
WDCOST
COSTML
COSTTI

ANNUAL WELL WORKOVER COST PER PATTERN, -M$

(DEFAULT= 0.25*CNVT). ASSUMES ONE WORKOVER PER PATTERN
EVERY FOUR YEARS. CNVT IS THE COST TO CONVERT AN
EXISTING PRODUCER TO AN INJECTION WELL. SEE SECTION 3
FOR DEFAULT FOR CNVT.

PRODUCED WATER TREATING COST, $/BBL (DEFAULT= 0.125)
WATER DISPOSAL COST, $/BBL (DEFAULT= 0.10)

COMPRESSOR MAINT AND LABOR COST, $/MSCF (DEFAULT= 0.03)
TECHNICIAN AND INSTRUMENT COST, $/MSCF (DEFAULT= 0.04)



CARD E6 ***** OPERATING DATA
READ(IR,) WCAP, COSTRT, UNCO

WCAP

-~ MONTHS OF WORKING CAPITAL, MONTHS (NO DEFAULT)

COSTRT -~ PROJECT STARTUP COSTS, M$ (NO DEFAULT; THE NEGATIVE OF

UNCO

COSTRT WILL BE USED TO INITIALIZE CASH FLOW)
- OIL RATE UNCERTAINTY, FRACTION (DEFAULT= 0.00l)

CARD E7 ***** DRILLING DATA
READ(IR,) WPPl,WPPZ,WPP3,WPP4

WPP1
WPP2
WPP3

WPP4

(ENTER ALL ZEROS IF WELL CAPITAL COSTS INCLUDED ON CARDS
E18-E19. SEE SECTION 3 FOR WELL CAPITAL COSTS DEFAULT
EQUATIONS USING WPP'S.)

NUMBER OF INJECTORS DRILLED PER PATTERN (NO DEFAULT)

NUMBER OF PRODUCERS DRILLED PER PATTERN (NO DEFAULT)

NUMBER OF PRIMARY PRODUCERS CONVERTED TO SECONDARY PRODUCERS

PER PATTERN (NO DEFAULT)

NUMBER OF EXISTING PRODUCERS CONVERTED TO INJECTORS

PER PATTERN (NO DEFAULT)

CARD E8 ***** TAXES AND MONETARY DATA
READ(IR,) XDR,XINF,bXROY,XSEV,XFIT,XTCR,DTIM,XSTX

XDR

XINF
XROY
XSEV
XFIT
XTCR
DTIM

XSTX

MONETARY DISCOUNT RATE (DEFAULT= 0.1)

INFLATION RATE (NO DEFAULT)

ROYALTY RATE (NO DEFAULT)

SEVERANCE TAX RATE (NO DEFAULT)

FEDERAL INCOME TAX RATE (NO DEFAULT)

INVESTMENT TAX CREDIT (NO DEFAULT)

INVESTMENT DEPRECIATION TIME, YRS (NO DEFAULT)

IF DTIM = 0.0, USES ACCELERATED CAPITAL RECOVERY SYSTEM

(5 YEAR DEPRECIATION) ACCORDING TO 1981 TAX ACT (SEE TABLE
2-3). IF DTIM .GT. 0.0, USES STRAIGHT LINE DEPRECIATION FROM
YEAR OF INVESTMENT OVER DTIM YEARS.

STATE INCOME TAX RATE (NO DEFAULT)

CARD E9 ***** WINDFALL EXCISE TAX DATA
,) XWPT,WPHO, EPHO,BTIM, BPOW

READ(IR
XWPT

WPHO
EPHO
BTIM
BPOW

WINDFALL EXCISE TAX RATE. IF 0.0 THEN IGNORES TAX.

SEE SECTION 3 FOR EXPLANATION OF WINDFALL EXCISE TAX.
WINDFALL TAX BEGINNING PHASE OUT DATE (DEFAULT= 1991.)
WINDFALL TAX ENDING PHASE OUT DATE (DEFAULT= 1993.)

BASE TIME FOR PROJECT START (DEFAULT= 1985.)

BASE OIL PRICE AT START OF PROJECT FOR WPT CALCULATIONS
ONLY, $/BBL (DEFAULT= 23.07*(l.+XINF)**(BTIM-1983.)

NOTE: OIL PRICE FOR SALES AND REVENUE PURPOSES IS ENTERED OR
DEFAULTED ON CARD El4)
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CARD E1Q ***** SECONDARY OIL PRODUCTION DATA
READ(IR,) OILB,OILC,DECL-
OILB - 1979 PROJECT BASE OIL RATE, MBBL/YR (DEFAULT = 0.)
CILC - CURRENT NON-TERTIARY PROJECT OIL RATE, MBBL/YR
(DEFAULT = OILB * (1.-DECL)**(BTIM-1979.))
DECL - ANNUAL OIL PRODUCTION DECLINE RATE, PERCENT (DEFAULT = 15.)

CARD El1 ***** SECONDARY OIL PRODUCTION CURVE
(READ IF ISO = 1 ON CARD E2)
READ(IR,) (VOS(I),I=1,M)
VOS(I) - VOLUME OF SECONDARY OIL PER PATTERN EACH YEAR, MBBL/YR
(DEFAULT = OILC * (1.-DECL)**(FLOAT(I)-0.5))

CARD E12 ***** ESCALATION DATA FOR PRICES AND COSTS
READ(IR,) ESCPO,ESCFO,ESCED,ESCCT,ESCCI,ESCWO
ESCPO - ESCALATION RATE OF OIL PRICE (NO DEFAULT)

ESCFO - ESCALATION RATE OF OPERATING COSTS (NO DEFAULT)
ESCED ~ ESCALATION RATE OF ELEC. DRIVER COSTS (NO DEFAULT)
ESCCT - ESCALATION RATE OF TANGIBLE CAPITAL (NO DEFAULT)
ESCCI - ESCALATION RATE OF INTANGIBLE CAPITAL (NO DEFAULT)
ESCWO - ESCALATION RATE OF WELL WORKOVER COST (NO DEFAULT)

CARD E13 ***** PROJECT PATTERN SCHEDULE
READ(IR,) (PATI(I),I=1,M)
PATI(I) - NUMBER OF PATTERNS INITIATED EACH YEAR OF THE PROJECT
(NO DEFAULT)

IF IDAT=0 ON CARD E2, MODEL USES DEFAULT PRICES AND COSTS; SKIP TO
CARD E18

IN ALL OF THE FOLLOWING ARRAYS, THE LAST LETTER (H, M, OR L)
MEANS HIGH, MOST LIKELY, OR LOW VALUE OF THE PARAMETER IN A
GIVEN YEAR. THE HIGH AND LOW VALUES SHOULD BE CHOSEN TO
REPRESENT A CONFIDENCE LEVEL OF 80 PERCENT. LOW PRICE HAS A 90%
CHANCE OF BEING OBTAINED, AND THE HIGH PRICE HAS ONLY A 10%
CHANCE OF BEING REACHED.

PRICES AND COSTS, WHETHER ENTERED OR DEFAULTED, ARE SCALED BY
PROGRAM (SUBROUTINE ECFTR) DUE TO VARIATION IN OIL PRICE FROM
$30.00/BBL. THE PRICE FACTOR IS FACT=(POM(1)-30.00)/30., WHERE
POM(1l) IS ENTERED OR DEFAULTED ON CARD El4. THEN:

DRILLING AND COMPLETION FACTOR = 1.0 +(0.4 * FACT)
EQUIPMENT FACTOR = 1.0 +(0.3 * FACT)

OPERATING COSTS FACTOR = 1.0 +(0.2 * FACT)

OIL PRICE FACTOR = 1.0 + FACT



THESE FACTORS ARE ALSO USED TO ALTER VALUES ENTERED OR DEFAULTED ON
CARDS E4 AND ES.

CARD El14 ***** OIL PRICE DATA
(NOTE: SEE SECTION 3 FOR OIL PRICE REDUCTION BASED ON API
GRAVITY AND TRANSPORATION PENALTY FOR ALASKA)
READ(IR,) POL(1l),POM(1),POH(1)
POL(1) - LOW OIL PRICE, $/BBL (DEFAULT= POM(1l) * 0.8)
POM(1) - MOST LIKELY OIL PRICE, $/BBL (DEFAULT= 30.00)
POH(1) - HIGH OIL PRICE, $/BBL (DEFAULT = POM(1) *1.2)

CARD E15 ***** FIXED ANNUAL OPERATING COST DATA
(INCLUDES MAINTENANCE, OTHER COSTS THAT DO NOT DEPEND ON OIL
RATE) " :
READ(IR,) FOCL(l),FOCM(1),FOCH(1)
FOCL(1l) - LOW FIXED OPERATING COST PER PATTERN, S$/YR
(DEFAULT= 18000.)
FOCM(1) - MOST LIKELY FIXED OPERATING COST PER PATTERN, $/YR
(DEFAULT= 20000.)
FOCH(1l) - HIGH FIXED OPERATING COST PER PATTERN, S$/YR
(DEFAULT= 22000.)

CARD E16 ***** VARIABLE ANNUAL OPERATING COST DATA
(INCLUDES LIFTING AND OTHER COSTS THAT DEPEND ON OIL PRODUCTION
DIRECTLY, BUT NOT ROYALTY OR SEVERANCE)
READ(IR,) OPCL(1),0PCM(1),0PCH(1)
OPCL(1) - LOW VARIABLE OPERATING COST, $/BBL OIL PRODUCED
(DEFAULT= 2.50)
OPCM(1) - MOST LIKELY VARIABLE OPERATING COST, $/BBL OIL PRODUCED
(DEFAULT= 3.00)
OPCH(1l) - HIGH VARIABLE OPERATING COST, $/BBL OIL PRODUCED
(DEFAULT= 3.50)

CARD E17 ***** ELECTRIC DRIVER OPERATING COST DATA
(COST BASED ON 95% DRIVE EFFICIENCY AND $0.07/KWHR)
READ(IR,) EDPL(1),EDPM(1),EDPH(1)
EDPL(1) - LOW DRIVER OPERATING COST, $/KWHR (DEFAULT= 0.05)
EDPM(1) - MOST LIKELY DRIVER OPERATING COST, $/KWHR (DEFAULT= 0.07)
EDPH(1) - HIGH DRIVER OPERATING COST, $/KWHR (DEFAULT= 0.09)

CARD E18 ***** TANGIBLE CAPITAL INVESTMENT (READ IF NCT=1 ON CARD E2)
(FLOW LINES, WELLS, ROADS, AND PRODUCTION FACILITIES,
BUT NOT COMPRESSORS). IF WELLS ENTERED ON CARD E7, DO NOT
ENTER WELL CAPITAL COSTS ON THIS CARD.
READ(IR,) ICT,CTPL,CTPM,CTPH

ICT - ENTER 1.0

CIPL - LOW TANGIBLE CAPITAL COST PER PATTERN, §$

CTPM - MOST LIKELY TANGIBLE CAPITAL COST PER PATTERN, $

CTPH - HIGH TANGIBLE CAPITAL COST PER PATTERN, $
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CARD E19 ***** INTANGIBLE CAPITAL INVESTMENT (READ IF NCI=1 ON CARD E2)
(CAPITAL EXPENSED IN A GIVEN YEAR). IF WELLS ENTERED ON
CARD E7, DO NOT ENTER WELL CAPITAL COSTS ON THIS CARD.
READ(IR,) ICI,CIPL,CIPM,CIPH
ICI - ENTER 1.0.

CIPL - LOW INTANGIBLE CAPITAL COST PER PATTERN, 3
CIPM - MOST LIKELY INTANGIBLE CAPITAL COST PER PATTERN, §
CIPH - HIGH INTANGIBLE CAPITAL COST PER PATTERN, §

CARD E20 ***** END CARD
READ (IR,) END
END - "END" IN COLUMNS 1-4

s Y ok de gk e Kk K RETURN TO CARD Rl FOR NEW CASE v e ve ke v de e e de A de
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TABLE 2-1 ,
QUICK REFERENCE TO ICPM DATA ENTRY

Reservoir Data

R1 TITLE

R2 0 0 IWRIT IECON

R3 DEPTH PFORM TFORM

R4 TNET PERM POROS

R5 SOI 0.0 SWI

Ré API VISO BOI BWI

R7 AREA WELLSP ARIN FWA SWEEP BRNMX
R8 END (Enter if IECON=0)

Economic Data

E1 TITLE

E2 M ISTATE IDIST IOUT IFIT IDAT NCT NCI IDISC ISO IDEBT
E3 PCTDBT DBTINT NYRRPY NYPAID (Enter if IDEBT=1)
E4 CCOST GTRT WTRT CTACR DCE PLANT

E5 WOCOST WTCOST WDCOST COSTML COSTTI

E6 WCAP COSTRT UNCO

E7 WPP1 WPP2 WPP3 WPP4

E8 XDR XINF XROY XSEV XFIT XTCR DTIM XSTX

E9 XWPT WPHO EPHO BTIM BPOW

E10 OILB OILC DECL

E11 VOS(1), VOS(2), ... VOS(M) (Enter if IS0=1)
E12 ESCPO ESCFO ESCED ESCCT ESCCI ESCWO

E13 PAT(1), PAT(2), ... PAT(M)

E14 POL(1) POM(1) POH(1)

E15 FOCL(1) FOCM(1) FOCH(1)

E16 OPCL(1) OPCM(1) OPCH(1)

E17 EDPL(1) EDPM(1) EDPH(1)

E18 CTPL CTPM CTPH (Enter if NCI=1)

E19 CIPL CIPM CIPH (Enter if NCT=1)

E20 END



TABLE 2-2
PRINT CONTROLS

IWRIT - Print Control for Reservoir Calculations

Tables Printed (Example, Section 4)

Input Deck Echo (4-1)

Case Controls, etc. (4-2)

Pattern Report (4-3)

Combustion Pattern Recovery Report (4-3)
Pattern Production/Injection Report (4-4)

IOUT - Print Control for Economic Calculations

Tables Printed (Example, Section 4)

Economic Data, Taxes (4-5)

Prices, Pattern Volumes (4-6)

Project Volumes, Prod./Inj. Rept. (4-7)
Major Capital Items, Capital Sch. (4-8)
Project Mean Values, DCFROR Iter. (4-9)
Undisc. Mean Values, Annual (4-10)
Undisc. Results, Cash Flow (4-11)
Summary, Project Profitability (4-12)

2-11

IWRIT
0 1
Yes Yes
Yes Yes
Yes Yes
No Yes
Yes Yes

IOUT

0 1 2
Yes Yes Yes
No Yes Yes
No Yes Yes
No Yes Yes
No No Yes
No Yes Yes
No Yes Yes
Yes Yes Yes



TABLE 2-3
CONSTANTS FOR ACCELERATED CAPITAL
RECOVERY SYSTEM DEPRECIATION
ACCORDING TO 1981 TAX ACT

This table used if DTIM = 0.0 (Card ES8)

Annual Depreciation as a
Percent of Asset Value

Service Year Yr 1 Yr 2 Y3 Yr4 YrS
1981-84 15 22 21 21 21

1985 18 33 25 16

1986+ 20 32 24 16 8



SECTION 3
DEFAULT EQUATIONS

Default equations too lengthy for Section 2 are presented here.
Table 3-1 summarizes defaults for all input data.

3.1 RESERVOIR DATA

011 Viscosity

0il viscosity, VISO, is defaulted according to API gravity
(Chew and Connally, 1959). The model sets RS=100 MCF/STB, then
calculates VIS100 and VIS210:

For API.LF.10.,

VIS100 = 10.%*(8,35928-0.37539*API), (3.1)

VIS210 = 10.%*(3.15424-0,11862*API). (3.2)

For API.GT.10.,

VIS100 = EXP[RB(1)*API+RR(2)+(((BB(6)/API
+ BR(5))/API+BB(4))/API+BB(3))/API], (3.3)
VIS210 = EXP[BR(7)*API+BB(8)+( ((RR(12)/API

+

BB(11))/API+BR(10))/API+BB(9))/API], (3.4)

where the coefficients BB(I) are given in Table 3-2. In units of cp,

VISO = Y*(VIS*%X), (3.5)
where
Y = BB(19)*RS+BR(20)+BB(21) /RS
+ BB(22) /RS**24+BB(23) /RS**3
+ BB(24) /RS**4, (3.6)
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VIS = VIS100% (TFORM/100. )**(1,345%
ALOG(VIS210/VIS100)), (3.7)
and
X = BB(31)*RS+BB(32)+BR(33)/RS+BB(34)/

RS**24+BB(35) /RS**3+BB(36) /RS**4, (3.8)

011 Formation Volume Factor

0il Formation volume factor, BOI, is defaulted according to API
gravity (Vasquez and Beggs, 1980).

BOI = 1.0+C1*RS+(C2+C3*RS)*

Where $5G=0.8, and for API.LE.30.,

C1 = 4.677E-4
C2 = 1.751E-5
€3 = -1.811E-8

and for API.GT.30.,

C1 = 4,67E-4
€2 = 1.1E-5
C3 = 1.337E-9.

Water Formation Volume Factor

BWI = 1.0+1.2E-4*(TFORM-60.)+1.E-6*
(TFORM-60.)**2 - 3,33E-6*PFORM, (3.10)

Eq. 3.10 is a curve-fit of data for pure water (Keenan and Keyes,
1936).

Air Injection Rate

Air intection rate (ARIN) is defaulted based on the assumption
that the air required to burn the swept volume of a pattern (either
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40, 50, or 60%, depending on pattern area) will be injected in 10
years.

The injection rate for year one is 50% of the defaulted rate, and
constant thereafter. This default tends to penalize projects with
pattern lives less than 10 years.

The model first computes pattern area:

AREAP = AREA/WELLSI, (3.11)

Where AREA = total developed area, and the number of injection wells
is one-half the number of producing wells

WELLSI = WELLSP/2.0. (3.12)
Pattern volume (ac-ft) is
PATVOL = AREAP*TNET. (3.13)

The air requirement is based on the laboratory data of Garon and
Wygal (1974):

AR = 0,073*ALOG10(VIS0)+0.20 -0,.10%FWA (3.14)
where

FWA

0.0, dry combustion
1.0, wet combustion.

In units of MSCF/D,
ARIN = 43560.*PATVOL*SWEEP*AR/365/PLIFE, (3.15)

where SWEEP is defined on card R7, Section 2, and PLIFE is 10 years.

3-3



3.2 ECONOMIC DATA

ICPM Treatment of Well Capital Costs

Well tangible (WCT) and intangible (WCI) capital costs are
calculated by the model as follows: define

DCE1 = DCE+DEPTH* (WPP14+WPP2), (3.16)
where DCE is defaulted at $100.00/ft. The total well capital is

CAP = (CINJ*WPP1)+(CINJ+CEQP)*WPP2
+ CSEC*WPP3+CNVT*WPP4+CREP, (3.17)

where the CINJ, etc., are defined below. Per pattern,

WCI = 0.6*CAP, (3.18)
and
WCT = DCE1-WCI. (3.19)

The total tangible capital per pattern is
CTPM(I) = WCT+(CTACR*AREAP) (3.19a)
where CTACR are facilities costs defaulted at $26,500/acre.

Note that the tangible/intangible capital split is not 40/60,
i.e., WT 2z 0.4*CAP. The actual split realized will depend on the
value of DCE relative to CINJ, etc. Note also that if WPP1 = WPP2 =
0.0, the value of DCE is irrelevant, and, that in such a case, WCI may
be non-zero.

The well capital and operating costs defaults given below were
taken from correlations from the DOE/EIA-0185(82) report, "Costs and
Indexes for Domestic 0il and Gas Field Equipment and Production
Operations, 1982." These defaults should be used with caution,
however, as they were developed in an era when oil prices were
$35.00/bbl and increasing. In mid-1985, drilling costs have dropped
by 50% (or more) from the 1981-1982 period. In the model, an attempt
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was made to account for some of this drop in costs by using cost
adtustment factors (card E14, Section 2).

Drilling and Completion Costs

These costs (CINJ) include the cost of drilling and completing
through the wellhead, including tubing, and are used to represent the
cost of new injection wells, New producing wells have additional
equipment costs, which are discussed below. CINJ is defaulted
according to depth and region of the U.S. (Figure 3-1). In $/ well,

CINJ = DEPTH*(AO+A1*DEPTH+A2*DEPTH**A3), (3.20)

where A0-A3 are shown in Table 3-3.

Costs To Equip New Producing Well

These costs (CEOP) consist of all costs to equip a new producing
well for secondary recovery, excluding costs for tubing. CEOP is
defaulted according to depth and region of the U.S. (Figure 3-2). 1In
$/ producing well,

CEQP = BO+B1*DEPTH, (3.21)

where B0 and B1 are shown in Table 3-4.

Costs of Additional Secondary Production Equipment for a
Primary Well Converted to a Secondary Well

These costs (CSEC) assume that the existing processing and lease
facilities would not be replaced, but that old producing well
equipment is replaced, and include costs for drilling and equipping
water supply wells. CSEC is defaulted according to depth and region
of the U.S. (Figure 3-2). In $/ well,

CSEC = CO+C1*DEPTH, (3.22)
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where CO and C1 are shown in Table 3-5.

Costs to Convert a Producing Well to an Injection Well
These costs (CNVT) include removal of producing equipment and
tubing, acidizing and cleaning out the wellbore, and installing new
plastic coated tubing and a waterflood packer. CNVT is defaulted
by depth and region of the U.S. (Figure 3-2). In $/ well,
CNVT = EO+E1*DEPTH, (3.23)
where EO and E1 are shown in Table 3-6.

Costs To Upgrade Surface Processing Equipment and Lease
facilities For Secondary Recovery Operations

These costs (CREP) include flowlines, manifolds, separators,
treaters, tanks, LACT unit, disposal system and accessories. CREP is
defaulted by depth and reagion of the U.S. (Figure 3-2). In $/
producing well, )

CREP = FO+F1*DEPTH+F2*DEPTH**2
+ F3*DEPTH**3, (3.24)

where FO-F3 are shown in Table 3-7. If WPP4=0 on Card E7, then the
model sets CREP=0.

Direct Annual Operating Costs for Secondary Recovery Operations

These costs (CPAO) include all costs essential to the production
of oil and gas, such as cost of labor, power, equipment repair and
maintenance, fluid injection, treatment of oil and gas, etc. CDAO is
defaulted according to depth and region of the U.S. (Figure 3-2). In
$/ producing well/ year,

CDAO = GO+G1*DEPTH, (3.25)
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where GO and G1 are shown in Table 3-8.

Costs for Offshore Operations

Defaults for these costs are as follows:

CINJ = 458492,-56.3271*DEPTH+0.03043*DEPTH**2, S/well
CEOP = 0,0
CSEC = 650000.+230000.*RATE

2800.*RATE**2, $/well

where RATE is the maximum water injection rate calculated by the
model.

CNVT = 171366.+21.825*DEPTH, $/well
CREP = 0.0
CDAO = $169,000/well/yr

An additional operating cost for offshore water injection plants is
defaulted in $/year as

CIWO = 40200.*RATE+8080.*RATE*PRGAS,

where PRGAS is the price of natural gas produced offshore, and is
fixed in the model at POM(I)/6.

0il Price Penalties

The read-in (or defaulted) oil price (card E14, Section 2.2) is
penalized for API gravities less than 40 according to location. Figure
3-3 shows the multiplicative price reduction factors as a function of
agravity for California (ISTATE=4) and for all other states. The latter
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curve in Figure 3-3 is based on mid-continent posted prices (NPC,
1984).

For protects in Alaska (ISTATE=50) oil is priced in accordance
with the solid curve of Fiqure 3-3 less another $9.00/bbl for
transportation fees. These fees are associated with amortized capital,
port of entry charges, and fixed tariffs and do not vary with oil
price.

If ISTATE=53, then the API gravity penalty is disabled and the
price reduction factor is 1.0 regardless of the value of API input.
This feature was added to the model for projects outside the U.S.,
where different oil pricing scenarios may apply.

Windfall Profit Tax

The Windfall Profit Tax (WPT) effected by statute in 1980 is an
excise tax on U.S. crude oil production. The WPT is applied as a
percentage of the difference between the sales price of oil (POM(I)
adjusted for API gravity and location) and a base price (BPOW or
BPO(I)) that escalates with time. The base price varies with crude oil
production method and field history.

The WPT tax rate (XWPT) also varies with production method, and
with producer (major or independent). XWPT for heavy oil and/or
incremental tertiary oil, as would be the case with the ICPM, is 30%
for majors, and 0% up to 1,000 bpd (30% over 1,000 bpd) for
independents (see Table 3-9). Definitions of Tier 1 and Tier 2 oil in
Table 3-9 are quite complex, and may be found in "The Crude 0il
Windfall Profit Tax," Price-Waterhouse, 1980.

In the ICPM, the WPT is calculated from
WPT(I) = VONET(I)*(1.-XSEV)*AWPP(I)*XWPT, (3.26)
where
VONET(I) = net oil sold (less royalty), BBL

XSEV = severance tax rate
AWPP(I) = sales price - BPO(I), $/BBL.
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There is no WPT for API gravities of 16.0 or less.

That oil which would be produced without implementation of an EOR
process is subject to a WPT tax rate of 70%. Part of the incremental
tertiary oil must therefore be "released" from the higher tax rate. In
the ICPM, this released oil 1is calculated using the secondary oil
decline curve data input on cards E10-11.
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TABLE 3-1

ICPM DEFAULTS

VARIABLE CARD DEFAULT

API Ré None

AREA R7 None

ARIN R7 Eq. (3.15)
B0I Ré Eq. (3.9)
BPOW E9 23.07*(1.+XINF)**(BTIM-1983.) $/BBL
BTIM E9 1985.

BRNMX R7 150. ft

BWI Ré Eq. (3.10)
CCOST E4 1000. S/HP
CIPH E19 None

CIPL E19 None

CIPM E19 None

COSTML ES 0.03 S/MSCF
COSTRT E6 None

COSTTI ES 0.04 S/MSCF
CTACR E4 26500, $/acre
CTPH E18 None

CTPL E18 None

CTPM E18 None

DBTINT £3 15. percent
DCE E4 100.$/ft
DECL E10 15. percent
DEPTH R3 None

DTIM ES None
EDPH(1) E17 0.09 S/KWHR
EDPL(1) E17 0.05 S/KWHR
EDPM(1) E17 0.07 S/KWHR
EPHO E9 1993.

ESCCI E12 None
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VARIABRLE

ESCCT
ESCED
ESCFO
ESCPO
ESCWO

FOCH(1)
FOCL(1)
FOCM(1)
FWA

GTRT

IDAT
IDEBT
IDISC
IDIST
IECON
IFIT
I0UT
IS0
ISTATE
IWRIT

M

NCI
NCT
NYPAID
NYRRPY

CARD

E12
E12
E12
E12
E12

E15
E15
E15
R7

E4

B2
E2
E2
g2
R1
E2
E2
E2
E2
R1

E2

E2
E2
E3
E3

TABLE 3-1

(Cont.)

DEFAULT
i ——

None
None
None
None
None

22000, S/yr

18000. S/yr

20000. S/yr

If PERM.GE. 100 and VISO.GE.10. wet
combustion; otherwise dry combustion

50. $/MSCF/D

None
None
None
None
None
None
None
None
None
None

None
None
None

5.0
1.0
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TABLE 3-1

(Cont.)

VARIABLE CARD DEFAULT

0ILB E10 0.MBBL /yr

0ILC E10 0ILB*(1,-DECL)**(BTIM-1979.)

OPCH(1) E16 3.50 S$/BBL

OPCL(1) E16 2.50 $/BBL

OPCM(1) E16 3.00 $/BBL

PATI(I) E13 None

PCDEBT E3 20. percent

PERM R4 None

PFORM R3 14,7+((0.433/2.)*DEPTH) psia

PLANT E4 500. $/STB/D

POH(1) E14 POM(1)*1.2 $/BBL

POL(1) E14 POM(1)*0.8 $/8BL

POM(1) E14 $30.00/BBL

POROS R4 None

S01 RS None

SWEEP R7 0.40 for pat. area > 20; 0.50 for 5<
pat. area < 20; 0.60 for pat. area <
5.

SWI RS None

TFORM R3 70.0 + (0.011*DEPTH)°F

TITLE R1, E1 None

TNET R4 None

UNCO E6 0.001

VISO Ré Egq. (3.5)

VOS(I) E11 OILC*(1.-DECL)**(FLOAT(I)-0.5)

WCAP E6 None

WDCOST ES 0.10 $/BBL
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TABLE 3-1

(Cont.)
VARIABLE CARD DEFAULT
WELLSP R7 None
WOCOST ES 0.25*CNVT (Eq. 3.23)
WPHO E9 1991.
WPP1 E7 None
WPP2 E7 None
wPP3 E7 None
WPP4 E7 None
WTCOST E5 0.125 $/BBL
WTRT E4 75.0 $/BBL/D
XDR E8 0.10
XINF ES8 None
XFIT ES None
XROY ES None
XSEV E8 None
XSTX ES Mone
XTCR E8 None
XWPT E9 None
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TABLE 3-2

COEFFICIENTS FOR CURVE-FITTING VISCOSITY CORRELATION

OV ONONNFWN = |l—|

FPFPEPWWWWWWWWWWHRANNPDNMNNNNDNNRN 2 o e el el b o od b o
NLOVONAMANVMPFWN2OVONRAVIFWN=2OVONAMNEFWN =20

3-14

BB(I)

-6.76824896E-04
-3.89570682E+00
2.72180350E+02
-3.47080568E+03
3.68814527E+04
-1.48843074E+05
-2.51952935E-02
-9.64528667E-01
9.50590107E+01
-3.98368883E+02
-1.90395376E+02
4,16101142E+03
-1.49577301E-03
9.44396001E-01
3.98464375E+00
-1.86338863E+02
3.32520064E+03
-1.81471583E+04
-4.55391223E-05
1.34211338E-01
2.81437484E+02
-5.37919095E+04
4.98525603E+06
-1.73099129E+08
-4.75188363E-04
8.84019819E-01
7.38565439E+00
~-2.37472458E+02
3.30129337E+03
-1.56440226E+04
-7.34670759E-05
5.41912201E-01
1.33649237E+02
-2.67713439E+04
2.79978044E+06
-1.10373996E+08
5.47456526E-04
=3.75792641E-01
1.35019571E+02
-8.57863129E+02
-6.88146740E+04
1.17880005E+06



COEFFICIENTS FOR DRILLING AND COMPLETION COSTS (EQ. 3.20)

Region (Fig. 3-1) A0

Pacific Coast 77.080
Rocky Mountains 95.540
‘Permian Basin! 41,583
Gulf Coast? 32.250
Mid-Continent3 34,483
Northeastern 33.522

TABLE 3-3

A1

4,688E-3
-3.855E-2
4.439E-4
4.526E-3
2.472E-3
1.175E-3

1 Includes Texas RRC Districts 7-9.

2 Includes Texas RRC Districts 1-6.

3 Includes Texas RRC District 10.

A2

1.901E-10
6.300E-3
2.530E-10
2.255E-10
2.839E-10
1.502E-8




TABLE 3-4

COEFFICIENTS FOR COSTS TO EQUIP NEW PRODUCING WELL (EQ. 3.21)

Reaion (Fig. 3-2) BO 81
Permian Basin 15145.0 18.0632
Pacific Coast 17635.0 29.0925
Rocky Mountains! 15615.0 18.2418
Western Gulf Coast2 11755.0 19.4718
Eastern Gulf Coast3 12585.0 21.0825
Mid-Continent and 11455.0 18.8818
Northeastern®

1 Includes New Mexico District 1.
2 Includes Texas RRC Districts 1-3.
3 Includes Florida, and Louisiana District 2.

4 1Includes Texas RRC District 9.
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TABLE 3-5

COEFFICIENTS FOR COSTS OF ADDITIONAL SECONDARY
PRODUCTION EQUIPMENT (EQ. 3.22)

Region (Fig. 3-2) co c1
Permian Rasin 14830.0 22.486
Pacific Coast 17480.0 33.467
Rocky Mountains' 11775.0 22,901
Western Gulf Coast? 11645.0 22.653
Eastern Gulf Coast3 12460.0 24,234
Mid-Continent and 11330.0 22.037
Northeastern®

1 1Includes New Mexico District 1.
2 Includes Texas RRC Districts 1-3.
3 Includes Florida, and Louisiana District 2.

4 1Includes Texas RRC District 9.
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TABLE 3-6

COEFFICIENTS FOR COSTS TO CONVERT PRODUCING WELL TO
INJECTION WELL (EQ. 3.23)

Region (Fig. 3-2) EO E1

Permian Basin 5463.0 5.979
Pacific Coast 6924.0 6.051
Rocky Mountains' 6240.0 6.109
Western Gulf Coast2 5679.0 5.921
Eastern Gulf Coast3 6280.0 5.950
Mid-Continent and 6051.0 5.888
Northeastern®

1 Includes New Mexico District 1.
2 Includes Texas RRC Districts 1-3.
3 Includes Florida, and Louisiana District 2.

4% Includes Texas RRC District 9.



TABLE 3-7

COEFFICIENTS FOR COSTS TO UPGRADE SURFACE PROCESSING

EQUIPMENT (EQ. 3.24)

Region (Fig. 3-2) FO F1 F2 F3
Permian BRasin 19047.0 -0.8017 3,2082E-4 -1.1398E-8
Pacific Coast 31981.0 3.0716 -1.0204E-4 -4_.4933E-11
Rocky Mountains' 23846.0 0.7057 7.3254E-5 -2.6723E-9

Western Gulf Coast? 16143.0 4.,5661 -2.1530E-4 2.6401E-9
Eastern Gulf Coast3 16186.0 5.7947 -3.7218E-4 8.0871E-9
Mid-Continent and 16656.0 1.5242 7.4214E-5 -4.,9619E-9
Northeastern’

1 Includes New Mexico District 1.

2 Includes Texas RRC Districts 1-3.

3 Includes Florida, Louisiana District 2.

4 Includes Texas RRC District 9.
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TABLE 3-8

COEFFICIENTS FOR DIRECT ANNUAL OPERATING COSTS (EQ. 3.25)

Region (Fig. 3-2) GO G1
Permian Rasin 15440,0 4.159
Pacific Coast 13068.0 9.062
Rocky Mountains? 19459,0 4,384
Western Gulf Coast? 19456.0 5.459
Eastern Gulf Coast3 21570.0 5.597
Mid-Continent and 13205.0 5.222
Northeastern®

1 Includes New Mexico District 1.
2 Includes Texas RRC Districts 1-3.
3 Includes Florida, and Louisiana District 2.

4 1Includes Texas RRC District 9.
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TABLE 3-9

WINDFALL PROFIT TAX RATES

TAX RATE, %

Major Independent
<1000 bpd >1000 bpd

Tier 1

Lower Tier 0il 70 50 70
Upper Tier 0il 70 50 70
Market Level New Crude 0il 70 50 70
Marginal Well 0il 70 50 70
Tier 2

Stripper Well 0il 60 30 60
National Petroleum 60 30 60

Reserve 0il

Tier 3

Newly Discovered 0il 30 0 30
Heavy 0il 30 0 30
Incremental Tertiary 0il 30 0 30
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SECTION &
ICPM EXAMPLE RUNS

4.1 ICPM INPUT/OUTPUT

A brief discussion of I/0 for an example run (the base case for
the sensitivity runs described in Section 4.2) is given here.

Sample I/0 are shown in the following tables: echo print of data
input (4-1), reservoir data input summary (4-2), calculated combustion
parameters and pattern cumulatives (4-3), production-injection
schedule for a pattern (4-4), economic data input summary (&-5),
prices, costs, and pattern volumes (4-6), project results, in this
case for 40 patterns (4-7), capital costs and project capital schedule
(4-8), project mean values and DCFROR iteration (4-9), annual cash
flow tables (4-10), summary of undiscounted results and before-and
after-tax discounted cash flow (4-11), and project present value and
profitability (4-12).

Table %4-3 shows oil recovery for one pattern of about 32% of the
oil-in-place for this dry combustion (water/air ratio = 0.0) case.
Once fill-up 1is achieved, air injection, waste gas and water
production rates are constant over the life of the pattern (Table
4-4),

Table 4-6 shows a reduction in the read-in (in this case
defaulted) oil price of $30.00/bbl to $26.65/bbl due to a penalty for
the 25°API oil. (From Figure 3-3, for non-California, 0.8883* $30.00
= $26.65). Notice, however, that there is no penalty on operating
costs, etc., because the model uses the read-in oil price to calculate
cost adjustment factors for these costs (see discussion for card E-14,
Section 2). Since the read-in price is $30.00, there are no
adjustments to operating costs even though the oil price to be derived
from sales is only $26.65/bbl. If necessary, the user must make
adiustments to operating costs, etc. outside the model if $30.00 is
input for oil price, whenever oil gravity is below 40°API.

Table 4-7 shows rates and cumulatives as the 40 15-acre patterns
are brought on at the rate of four per year. Note that because the
economic life of a sinale pattern is less than ten years, the maximum
number of patterns operating at any time is 36. The released oil (far
right-hand column, Table 4-7) is equal to the oil produced as no



secondary oil decline curve was input. Revenues from released oil are
used to offset the windfall profit tax whenever the latter are
implemented (see Section 3.2 for a discussion of WPT).

Capital costs for wells, shown in Table 4-8, are computed as
follows: from Eq. 3.20 for Texas (ISTATE=42) and RRC District 3,

1]

3000%(32.25 + 4.526 E-3*3000 +
2.255 E-10%3000%*2.8)
$141,167/injection well,

CINJ

and from Eq. 3.21,

CEQP = 11755 + 19.4718 *3000

$70,170/production well.

From Eq. 3.17, total capital for wells (for one pattern) is

CAP = 141167*1.0+(141167 + 70170)*(1.0 + 1.0)

$352,504.

From Eg. 3.18, intangible well capital is

WCI = 0.6*CAP

$211,503.

From Eq. 3.16,

DCET1 = 100%3000%(1.0 + 1.0)

$600,000 |,

and the tangible well capital, Eq. 3.19, is

WCT = 600000 - 211503

$388,497,

From Eq. 3.19a, the total tangible capital is

CTPM(1) = 388497 + (26500%15)

$785,997.
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CTPM(1) and CIPM(1) are shown under "year 1" in the two far left-
hand columns of Table 4-8,

All facilities capital is treated as tangible capital and is
taken in the first year. The total tangible capital for the
project is rolled-up as follows:

CTCM(1) = 4%785997 + 9383800

= 12,528 MS,

and for other years for which patterns are scheduled

4*785997
3,144 MS,

CTCM(I)

Project intangible capital for all years is

CICM(I)

4%211503
846 MS.

CTCM(I) and CICM(I) are shown in the two far riaht-hand columns
of Table 4-8,

The capital split for compressor costs is 75% tangible/25%
intangible, and the compressor figures are included in the final
capital roll-up in the two far left-hand columns of Table 4-9,
For this case the total tangible capital for year one is

CTCM(1) = 12528 + 0.75%3593

15.22 MMS,

and for other years in which compressors are added is

CTCM(I) = 3144 + 0.75%3593

5.84 MMS,

Total intangible capital for years for which compressors are
added is

CICM(I)

846 + 0.25%3593
1.74 MMS,
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The present value factor (Table 4-11) shows at the end of the 18
year economic life, the project is worth about 21 cents of a 1985
dollar.

The project is not particularly profitable, as shown in Table
4-12, having a mean discounted cash flow rate-of-return (DCFROR) of
25.5% with a discount rate of 10%. Mean DCF is $18MM, with a 10%
chance of making $71MM, but a 90% chance of losing S27MM. The
majority of the project expenses are associated with operating costs.

4.2 SENSITIVITY RUNS

Sensitivity runs were conducted on a number of variables used in
the ICPM. A Base Case model was selected which was assumed to have
average values for the variables analyzed. The data used in the Base
Case are listed in Tables 4-2, 4-5, and 4-6. Plots which depict the
changes in cumulative o0il production, o0il recovery and DCFROR which
resulted from changes in each of the variables, are given in Figs. &4-1
through 4-10.

The ICPM permits the use of default values for most of the
economic data required by the model. The default values have been
utilized throughout the sensitivity runs to provide basic consistency
to the evaluations by eliminating possible arbitrary values for the
rquired data.

Some of the runs were made with single inverted seven-spot
patterns; however, most were conducted with a Base Case model with a
total area of 600 acres and multiple inverted seven-spot patterns so
that overall performance could be analyzed. Developmental schedules
were utilized which resulted in either comparable lives for the
variable pattern areas or widely ranging lifetimes for the same
pattern area at different rates of development,

Comparisons were made for wet and dry combustion with variation

in some of the basic parameters. A summary of the results from each
sensitivity run follows.
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0il1 Gravity

Gravities ranging from 15-35°API were studied. As shown in Figure
4-1, in situ combustion in the Base Case reservoir with 15°API oil
would be uneconomic due primarily to the low price for the crude oil
produced. Cumulative oil production increases linearly for gravities
from 20-35°API. DCFROR increases from 25% for 20°API oil to 57% for
35°API oil. 0il recoveries range from 28-36% based on cumulative oil
at economic limit. (0il recovery fraction reported in the model output
is that recoverable by the in situ combustion process prior to the
application of economics). Default values for viscosity based on
internal correlations with API gravity were utilized. No separate
studies of viscosity were conducted.

Permeability

A range of permeabilities from 100-1000 md was studied. There was
no difference in values for o0il recovery and DCFROR at all levels from
250-1000 md and only slightly lower results at 100 md. The results
have not been plotted.

Thickness

0il-in-place 1is directly proportional to thickness, and
cumulative oil production increases linearly with thickness. The model
is proarammed to limit the maximum burn zone thickness to 150 ft. and
any thickness above 150 ft. is assumed to involve (H/2 + 1) burn
zones, where H is total net pay. This results in two burn zones of 100
ft. each for a 200-ft. reservoir and three burn zones for a 300-ft.
reservoir., This effect is seen in Figure 4-2 wherein oil recovery
decreases slightly over the range from 50-150 ft. in thickness and
then increases to reflect the 100-ft. burn zones in the 200 and
300-ft. reservoirs. This effect is also seen in the stabilization of
DCFROR above 150 ft., as the process is staged in the 100-ft. burn
zones.



Pattern Area

Pattern area was studied both from the standpoint of total
developed area of the Base Case model and for individual patterns
alone. In the total area case, multiple patterns were present and the
results were affected by the rate of development. Schedules were
utilized which resulted in complete development in 8-10 years.

The results are shown in Figure #-3. Cumulative oil production
and percent recovery are the same for patterns of 10-17.64 acres. The
model reduces sweep efficiency for patterns of 20 acres and above;
therefore, the cumulative oil production and oil recovery show a drop
at 20 acres. DCFROR is essentially linear over the entire range of
pattern areas. Lower capital for the wider spacing of the wells on
20-acre spacing and lower horsepower for the compressors based on the
reduced sweep efficiency compensate for the reduced recovery.

Single patterns of 3-30 acres were evaluated. The results are
shown in Figure &4-4. Production was uneconomic at three acres in spite
of the programmed increase in sweep efficiency to 60% below five
acres. Cumulative o0il production is linear with the offset in the
graph due to the change in sweep efficiency at 20 acres. The percent
oil recovery and the DCFROR curves also reflect the change in sweep
efficiency. The increase in DCFROR at 20 acres is again attributable
to the lower capital required.

Pattern Sequence

The total developed area of 600 acres was used with 40 15-acre
patterns developed at the rate of 2-10 patterns per year, as shown in
Figure 4-5, Cumulative oil production and recovery are the same for
all schedules. The period of time required to develop the total area,
the differing capital requirements, and the production schedules all
combine to show a minimum DCFROR at five patterns per year with higher
values at both slower and faster rates of development.



Water-Air Ratio

Single Base Case patterns of 15 acres were utilized to analyze
water-air ratios from 0.5-2.0 B/MCF. As shown in Figure &4-6,
cumulative oil production and percent o0il recovery show decreases
above 1 B/MCF, but DCFROR is highest at about 1.5 B/MCF.

The value of 1.5 B/MCF was used in some of the subsequent cases
which compared wet versus dry combustion. In the ICPM, a default
value of 1.0 B/MCF is provided when wet combustion is selected by the
model based upon the criteria of permeability greater than or equal to
100 md and viscosity greater than 10 centipoise.

Porosity and 0il Saturation

Although these parameters were investigated separately, the
results in Figures 4-7 and 4-8 show that a minimum S, x porosity
product of 0.10 is required for profitable operations. An S, = 0.50
and porosities less than 20% result in uneconomic production with dry
combustion. Some improvement is noted under wet combustion operations,
with S, = 0.50 and 20% porosity returning 16% DCFROR. With a
porosity of 25%, oil saturations below 0.45 are uneconomical under dry
combustion. Again, there is improvement under wet combustion, with
So = 0.40 and 25% porosity showing 17% DCFROR. Results from wet
combustion operations are not shown in Figures 4-7 and 4-8.

Wet versus Dry Combustion

Runs were made with 20° and 25°API oil and pattern areas of 10-30
acres. All other parameters were from the Base Case model. A total
area of 600 acres was used with -multiple patterns developed at the
rate of eight patterns per year. Results are shown in Figures 4-9 and
4-10. With 20°API oil, dry combustion was uneconomical at 10 and 15
acres/pattern and only marginally profitable at pattern areas greater
than 20 acres. Wet combustion was economical at all pattern areas
with DCFROR ranging from 14-32% on areas from 10-30 acres/pattern.

With 25°API oil, wet combustion has slightly higher recovery than
dry combustion below 20 acres/pattern, and slightly lower recovery



from patterns above 20 acres/pattern. Lower capital investment
required for compressors results in higher DCFROR for wet
combustion for all pattern sizes.
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SECTION 5
ICPM SUBROUTINE GLOSSARY

THIS SECTION DESCRIBES THE MAIN PROGRAM AND SUBROUTINES,
AND TABULATES SCALAR AND ARRAY VARIABLES. THE NOMENCLATURE IN THE
GLOSSARY TABLES FOR THESE VARIABLES IS AS FOLLOWS:

TYPE I*4 4-BYTE INTEGER
R*4 4-BYTE REAL NUMBER
LOCATION  NAME NAME OF LABELLED COMMON
SLOCAL LOCAL TO SUBROUTINE
ARG PASSED FROM ANOTHER SUBROUTINE
ACTION SET APPEARS ON L.H.S. OF EQUATION
REF APPEARS ON R.H.S. OF EQUATION
ARG PASSED TO ANOTHER SUBROUTINE

5.1 MAIN PROGRAM

DESCRIPTION : INITIALIZES VARIABLES, CALLS VARIOUS SUBROUTINES, CHECKS
SWITCHES AND UPDATES TIME INCREMENTS

SUBROUTINES CALLED : TITLE PRINTS HEADER WITH RELEASE NUMBER

INPUT INPUTS RESERVOIR DATA

RESV - PREDICTS RESERVOIR PERFORMANCE, RECOVERY
AND PRODUCTION RATES

OUTR - WRITES RESERVOIR RECOVERY AND PRODUCTION
REPORTS

INEC - INPUTS ECONOMIC DATA AND CALCULATES
PROJECT PERFORMANCE FROM PATTERN RESULTS

ECON - PERFORMS ECONOMIC ANALYSIS OF THE PROJECT,
CALCULATES DCF AND AFTER TAX DCFROR

OUTE - WRITES ECONOMIC ANALYSIS REPORT

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 API FPROP ARG
R*4 FACT SLOCAL ARG
R*4 FDC SLOCAL ARG
R*4 FEQP SLOCAL ARG
R*4 FOPR SLOCAL ARG
R*4 FUEL SLOCAL ARG
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I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*¢
R*4
R*4
R*¢
R*¢
R*4
R*4

ARRAYS REFERENCED

TYPE

R*4
R*¢4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

I
IECON
IERR
IJl
IMAX
Ip

IR

Iw

J
MAXO
MUPPV
PII
PRICEI
UNIT
VALUE
XHEND

NAME

AIRQ
CARD
CuMAW
CUMGAS
CUMIA
CUMIW
CUMOB
CUMOIL
CUMWAT
DATE
DCFBT
DTIME
FOSC
FOS1
FRVS
MUCI
MUCT
MUDB
MUED
MUFO
MUIN
MUOPC
MUPB
MUPG
MUPQ
MURP
MUVG
MUVI

SLOCAL
FLAGS
FLAGS
FLAGS
SLOCAL
FLAGS
FLAGS
FLAGS
SLOCAL
SLOCAL
ECS
SLOCAL
S$LOCAL
SLOCAL
SLOCAL
SLOCAL

LOCATION

REPORT
SLOCAL
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
ECO
ECO
REPORT
REPORT
REPORT
REPORT
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC

(200)
(20)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(50)
(50
(200)
(200)
(200)
(2000
(50)
(50)
(50)
(50)

SET
REF
SET
SET
SET
SET
SET
SET
SET
SET
REF
SET
ARG
SET
ARG
REF

(50)

(50)
(50)
(50)
(50)
(50)
(50).
(50)
(50)

5-2

REF

ARG

REF
REF

DIMENSIONS

SET
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

ACTION

SET

SET |

SET
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF



R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

MUVO

MUWO
PATI
POL
PRGAS
PRODS
PROIL
PRWAT
RECOV
SIGOPC
TIME
TITL
WATQ

ECC
ECC
ECC
ECI
ECI
REPORT
REPORT
REPORT
REPORT
REPORT
ECC
REPORT
ECI
REPORT

(50)
(50)
(50)
(50)
(50)
(200)
(200)
(200)
(200)
(200)
(50)
(200)
(20)
(200)

5-3

SET
REF
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

ARG



5.2 SUBROUTINE TITLE

CALLED FROM

MAIN , INEC , OUTE

DESCRIPTION : PRINTS HEADER WITH RELEASE NUMBER
SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION

I*4 Iw FLAGS REF

ARRAYS REFERENCED
TYPE NAME LOCATION DIMENSIONS ACTION

R*4 TITL ARG (20) REF

5-4



5.3 SUBROUTINE INPUT

CALLED FROM : MAIN

.

DESCRIPTION INPUT SUBROUTINE FOR RESERVOIR DATA

SUBROUTINES CALLED : CHEKR - DEFAULT CHECKING FOR RESERVOIR DATA
OUT1 - WRITES RESERVOIR DATA AND CASE CONTROLS

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 API FPROP SET
R*4 AREA RESVR SET
R*4 ARIN RESVR SET
R*¢ BOI RESVR SET
R*4 BRNMX RESVR SET
R*4 BWI RESVR SET
R*4 DEPTH RESVR SET
R*4 FWA RESVR SET
I*4 IECON FLAGS SET
I*4 IERR FLAGS SET
I*4 ILIT SLOCAL SET
I*4 IPAT FLAGS SET
I*4 IR FLAGS REF
I*4 IRES FLAGS SET
I*4 IW FLAGS REF
I*4 IWRIT FLAGS SET
I*4 KAS SLOCAL ARG
R*4 PERM RESVR SET
R*4 PFORM RESVR SET
R*4 POROS RESVR SET
R*4 SGI RESVR SET
R*4 501 RESVR SET
R*4 SWEEP RESVR SET
R*4 SWI RESVR SET
R*4 TFORM RESVR SET
R*4¢ TNET RESVR SET
R*4 VISO RESVR SET
R*4 WELLSP RESVR SET
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5.4 SUBROUTINE CHEKR

CALLED FROM : INPUT
DESCRIPTION : DEFAULT CHECKING FOR RESERVOIR DATA

SUBROUTINES CALLED : VISC -CALCULATES LIQUID VISCOSITIES
FVF -ESTIMATES OIL, GAS AND WATER FORMATION VOLUME

FACTORS
SCALARS REFERENCED
TYPE NAME LOCATION ACTION
R*¢ API FPROP SET
R*4 AREA RESVR SET
R*4 BOI RESVR SET
R*4 BOIS SLOCAL ARG REF
R*4 BRNMX RESVR SET
R*4 BWI RESVR SET
R*4 BWIS SLOCAL ARG REF
R*¢ DEPTH RESVR SET
R*4 ERROR $LOCAL SET REF
R*4 GGRAD SLOCAL SET REF
I*4 IERR FLAGS SET
I*4 Iw FLAGS REF
I*4 NZONE FLAGS SET
R*4 PERM RESVR SET
R*4 PFORM RESVR SET ARG
R*4 PGRAD SLOCAL SET REF
R*¢ POROS RESVR SET
R*4 RS FPROP SET
R*4 SGG FPROP SET
R*4 SGI RESVR SET
R*4 SGO FPROP SET
R*4 SGW FPROP SET
R*4 so1 RESVR SET
R*4 SWI RESVR SET
R*4 TFORM RESVR SET ARG
R*4 TGRG SLOCAL SET REF
R*4 TNET RESVR SET
R*4 TNETOR SPECPA SET
R*4 TOTOIL RESVR SET
R*4 TVP RESVR SET
R*4 UNIT SLOCAL SET REF
R*4 VIS100 FPROP SET
R*4 VIS210 FPROP SET
R*4 VISO RESVR ARG
R*4 VISW RESVR ARG
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R*4 WELLSP RESVR

R*4 XZONE SLOCAL

ARRAYS REFERENCED

TYPE NAME LOCATION

R*4 BB FPROP

SET
SET REF

DIMENSIONS

(42)

5-7

ACTION

REF



5.5 SUBROUTINE OUT1

CALLED FROM : INPUT
DESCRIPTION : WRITES RESERVOIR DATA AND CASE CONTROLS
SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 API FPROP REF
R*4 AREA RESVR REF
R*4 BOI RESVR REF
R*4 BWI RESVR REF
R*4 DEPTH RESVR REF
I*4 IECON FLAGS REF
I*4 IPAT FLAGS REF
I*4 IRES FLAGS REF
I*4 Iw FLAGS REF
I*g IWRIT FLAGS REF
I*4 NZONE FLAGS REF
R*4 PERM RESVR REF
R*4 PFORM RESVR REF
R*4 POROS RESVR REF
R*4 SGI RESVR REF
R*4 SOI RESVR REF
R*4 SWI RESVR REF
R*4 TFORM RESVR REF
R*4 TNET RESVR REF
R*4 TNETOR SPECPA REF
R*4 TOTOIL RESVR REF
R*¢ VP RESVR REF
R*4 VIS0 RESVR REF
R*4 WELLSP RESVR REF
R*¢ XZONE SLOCAL SET REF
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5.6 SUBROUTINE RESV

CALLED FROM

DESCRIPTION

SUBROUTINES CAL

MAIN

PREDICTS RESERVOIR PERFORMANCE, RECOVERY AND PRODUCTION

RATES

LED : COEFl - CALCULATES INPUT PARAMETERS FOR IN SITU

CcOoMB

SCALARS REFERENCED

TYPE

R*4
R*4
R*4
R*4
R*4
I*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

NAME

AREA
AREAP
ARIN
ARINJ
Fwa
IRES
PERM
PFORM
PINJ
SWEEP
TNET
ViSO
WELLSI
WELLSP

LOCATION

RESVR
RESVR
RESVR
RESVR
RESVR
FLAGS
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR

COMBUSTION CALCULATIONS
- RECOVERY PREDICTION BY METHOD OF
BRIGHAM, SATMAN, AND SOLIMAN (1980)

ACTION

ARG
ARG
REF
ARG SET
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG
ARG



5.7 SUBROUTINE COEF1l

CALLED FROM : RESV

DESCRIPTION : CALCULATES INPUT PARAMETERS FOR IN SITU COMBUSTION
CALCULATIONS

SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 AR SLOCAL SET REF
R*4 AREA ARG REF

R*4 AREAP ARG SET

R*4 ARINJ ARG SET

R*4 FWA ARG SET

I*4 IWELLS SLOCAL SET

R*4 PATVOL $LOCAL SET REF
R*4 PERM ARG REF

R*4 PINJ ARG SET

R*4 PLIFE SLOCAL SET REF
R*4 PRES ARG REF

R*4 SWEEP ARG SET

R*4 TNET ARG REF

R*4 VISO ARG REF

R*4 WELLSI ARG SET

R*4 WELLSP ARG REF
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5.8 SUBROUTINE COMB

CALLED FROM

RESV

DESCRIPTION : RECOVERY PREDICTION BY METHOD OF BRIGHAM, SATMAN, AND
SOLIMAN (1980)

SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 AFR RESVR SET

R*4 AINJ SLOCAL SET REF
R*4 AIROLD SLOCAL SET REF
R*¢ AR RESVR SET

R*4 AREAP RESVR REF

R*4 ARINJ RESVR REF

R*¢ BOI RESVR REF

R*4 BWI RESVR REF

R*4 Cl SLOCAL SET REF
R*4 c2 SLOCAL SET REF
R*4 DEPTH RESVR REF

R*¢ DT SLOCAL SET REF
R*4 DTS SLOCAL SET REF
R*4 DUMMY SLOCAL SET REF
R*4 FWA RESVR REF

R*4 GASOLD SLOCAL SET REF
R*4 HPP RESVR SET

I*4 I SLOCAL SET REF
I*4 IJ1 FLAGS SET

I*4 NZONE FLAGS REF

R*4 OILBF RESVR SET

R*¢ OILOLD $LOCAL SET REF
R*4 OoIP RESVR SET

R*4 PDP RESVR SET

R*¢ PINJ RESVR REF

R*4 POROS RESVR REF

R*4 501 RESVR REF

R*4 SWEEP RESVR REF

R*4 SWR SLOCAL SET REF
R*¢ TNET RESVR REF

R*4 TOPK SLOCAL SET REF
R*4 UNIT S$LOCAL SET REF
R*¢ VB SLOCAL SET REF
R*4 VISO RESVR REF

R*4 Vs SLOCAL SET REF
R*4 WAPOLD SLOCAL SET REF
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R*4
R*4
R*4

ARRAYS REFERENCED

TYPE

R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*¢

WATOLD
X
XXL

NAME

AIRQ
CUMAW
CUMGAS
CUMIA
CUMIW
CUMOB
CUMOIL
CUMWAT
FOSC
FOSI
FRVS
PRGAS
PROIL
PRWAT
RECOV
TIME
WATQ

SLOCAL
SLOCAL
SLOCAL

LOCATION

REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT

SET REF
SET REF
SET REF

DIMENSIONS

(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
(200)
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ACTION

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET



5.9 SUBROUTINE OUTR

CALLED FROM

MAIN

.

DESCRIPTION : WRITES RESERVOIR RECOVERY AND PRODUCTION REPORTS
SUBROUTINES CALLED : (NONE)
SCALARS REFERENCED

TYPE NAME LOCATION ACTION

R*4 AFR RESVR REF
R*4 AR RESVR REF
R*4 AREAP RESVR REF
R*4 ARINJ RESVR REF
R*4 FWA RESVR REF
R*4 HPP RESVR REF
I*4 I SLOCAL SET REF
I*4 31 FLAGS REF
I*4 IW FLAGS REF
I*4 IWRIT FLAGS REF
R*4 oip RESVR REF
R*4 PDP RESVR REF
R*¢ PINJ RESVR REF
R*4 RECO SLOCAL SET REF
R*4 SWEEP RESVR REF
R*4 UNIT $LOCAL SET

ARRAYS REFERENCED

TYPE NAME LOCATION DIMENSIONS ACTION
R*4 AIRQ REPORT (200) REF
R*¢ CUMGAS REPORT (200) REF
R*4 CUMIA REPORT (200) REF
R*4 CUMIW REPORT (200) REF
R*4 CUMOIL REPORT (200) REF
R*4 CUMWAT REPORT (200) REF
R*4 FOSC REPORT (200) REF
R*¢ FRVS REPORT (200) REF
R*4 PRGAS REPORT (200) REF
R*4 PROIL REPORT (200) REF
R*4 PRWAT REPORT (200) REF
R*¢ RECOV REPORT (200) REF
R*4 TIME REPORT (200) REF
R*4 WATQ REPORT (200) REF
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5.10 SUBROUTINE FVF

CALLED FROM : CHEKR

.o

DESCRIPTION : ESTIMATES OIL, GAS AND WATER FORMATION VOLUME FACTORS
SUBROUTINES CALLED : (NOME)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 API FPROP REF

R*4 BO ARG SET

R*4 BW ARG SET

R*4 Cl SLOCAL SET REF
R*4 c2 SLOCAL SET REF
R*4 C3 SLOCAL SET REF
R*4 PRES ARG REF

R*4 RHOIL SLOCAL SET

R*4 RHWAT SLOCAL SET

R*4 RS FPROP SET

R*4 RSS SLOCAL SET REF
R*4 SGG FPROP REF

R*4 SGO FPROP REF

R*4 SGW FPROP REF

R*4 TEMP ARG SET
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5.11 SUBROUTINE VISC

CALLED FROM : CHERR
DESCRIPTION : CALCULATES LIQUID VISCOSITIES
SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 RS FPROP REF

R*4 SLOPE SLOCAL SET REF
R*4 TAV SLOCAL SET REF
R*4 TEMP ARG REF

R*4 VIS SLOCAL SET REF
R*4 VIs100 FPROP REF

R*4 VIs210 FPROP REF

R*4 VISO . ARG SET

R*4 VISW ARG SET

R*4 YINT SLOCAL SET REF

ARRAYS REFERENCED
TYPE NAME LOCATION DIMENSIONS ACTION

R*4 BB FPROP (42) REF
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5.12 SUBROUTINE SDINT

CALLED FROM : INEC , CHEKE

DESCRIPTION : SINGLE DIMENSIONAL LINEAR INTERPOLATION
SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
1*4 I $LOCAL SET REF
I1*4 J $LOCAL SET REF
1*4 N ARG REF

R*4 SLOPE $LOCAL SET REF
R*4 THESIN $LOCAL SET REF
R*4 XVAL ARG REF

ARRAYS REFERENCED

TYPE NAME LOCATION DIMENSIONS ACTION
R*4 XARG ARG (200) REF
R*4 YARG ARG (200) REF
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5.13 SUBROUTINE INEC

CALLED FROM

oo

MAIN

DESCRIPTION

oo

INPUTS ECONOMIC DATA, INITIALIZES ECONOMIC ARRAYS, WRITES
ECONOMIC DATA, AND CALCULATES PROJECT PERFORMANCE FROM
PATTERN RESULTS

SUBROUTINES CALLED : TITLE

PRINTS HEADER WITH RELEASE NUMBER

SDINT - SINGLE DIMENSIONAL LINEAR INTERPOLATION
ECFTR - CALCULATES COST ADJUSTMENT FACTORS DUE
TO CHANGES IN OIL PRICE
CHEKE - DEFAULT CHECKING FOR ECONOMIC DATA
STCDE - GIVEN STATE ALPHA, COMPUTES STATE CODE, OR
GIVEN STATE CODE, COMPUTES STATE ALPHA

SCALARS REFERENCED

TYPE NAME LOCATION ACTION

R*¢ AHP SLOCAL SET REF

R*4 AMAX SLOCAL SET REF

R*4 AOVH1 ECO REF

R*4 API FPROP ARG

R*4 AREAP RESVR ARG

R*4 BPOW ECI SET

R*4 BTIM ECI SET

R*¢ Cap SLOCAL SET REF

R*4 CAPG SLOCAL SET REF

R*4 CAPP SLOCAL SET REF

R*4 CAPT SLOCAL SET REF

R*4 CAPW S$LOCAL SET REF

R*4 CCosT ECI SET

R*4 CEQP ECS REF

R*4 CcG SLOCAL SET REF

R*4 CGS $LOCAL SET REF

R*4 CH SLOCAL SET REF

R*¢ CHS SLOCAL SET REF

R*¢ CI SLOCAL SET REF

R*4 CICMX $LOCAL SET REF

R*4 CINJ ECS REF

R*¢ CIs $LOCAL SET REF

R*4 CNVT ECS REF

R*4 co SLOCAL SET REF

R*4 cos SLOCAL SET REF

R*¢ COSsT SLOCAL SET REF

R*4 COSTML ECI SET

R*4 COSTRT ECI SET

R*4 COSTTI ECI SET



R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4

CREP
CSEC
CTACR
CTCMX
CUMOX

CWS
DBTINT
DCE
DECL
DEFF
DEPTH
DMAX
DPP1
DPP2
DPP3
DPP4
DTIM
EPHO
ESCBP
ESCCI
ESCCT
ESCED
ESCFO
ESCPG
ESCPO
ESCWO
FACT
FACTOR
FDC
FEQP
FOCPH
FOCPL
FOCPM
FOPR
FUEL
GENCX
GTRT
HPMAX
HPP

I2

I3
ICI
ICT
IDAT
IDEBT
IDEP
IDEVT
IDISC

ECS
ECS
ECI
SLOCAL
SLOCAL
SLOCAL
SLOCAL
ECI
ECI
ECI
SLOCAL
RESVR
SLOCAL
SLOCAL
SLOCAL
$LOCAL
$LOCAL
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ARG
SLOCAL
ARG
ARG
ECI
ECI
ECI
ARG
ARG
S$LOCAL
ECI
SLOCAL
RESVR
$SLOCAL
SLOCAL
$LOCAL
S$LOCAL
SLOCAL
SLOCAL
ECI
ECI
SLOCAL
ECI

REF
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
ARG
SET
SET
SET
SET
SET
SET
SET
REF
SET
SET
SET
SET
REF
SET
SET
ARG
SET
ARG
ARG
SET
SET
SET
ARG
ARG
SET
SET
SET
REF
SET
SET
SET
SET
SET
SET
SET
REF
SET
SET
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REF
REF
REF
REF

REF

REF
REF
REF
REF

REF

REF
REF
REF

REF
REF

REF

REF



I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
R*4
I*4
I*4
I*4
I*4
I*4
I*4
I*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢

IDIST
IFIT
I0UT
IR

IS0
ISTATE
ITIM
IW

J

JR
JST

K

KYR
LPAT
LSTRT
LYR

M
MUPPV
MYR
NCI
NCT
NSEQ
NYPAID
NYRRPY
NZONE
OILB
0ILC
OILD
OMAX
PCTDBT
PLANT
PRICEI
QGX
QHX
QIX
QOX
QWX
RECOX
REV
SUMP
TIMX
TOTOIL
UNCO
UNIT
WCAP
WDCOST
WMAX
WOCOST
WOPCT
WPHO

ECI
ECI
ECI
FLAGS
ECI
ECI
ARG
FLAGS -~
S$LOCAL
SLOCAL
$LOCAL
SLOCAL
SLOCAL
$LOCAL
SLOCAL
$LOCAL
ECI
ECS
ECI
SLOCAL
SLOCAL
$LOCAL
ECI
ECI
FLAGS
ECI
ECI
SLOCAL
SLOCAL
ECI
ECI
ARG
$LOCAL
$LOCAL
SLOCAL
SLOCAL
$LOCAL
SLOCAL
SLOCAL
$LOCAL
$LOCAL
RESVR
ECI
$LOCAL
ECI
ECI
SLOCAL
ECI
SLOCAL
ECI

SET
SET
SET
REF
SET
SET

ARG

REF
SET
SET
ARG
SET
SET
SET
SET
SET
SET
REF
REF
SET
SET
SET
SET
SET
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
REF
SET
SET
SET
SET
SET
SET
SET
SET
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ARG

REF
REF
REF
REF
REF
REF
REF
REF

REF
REF
REF

REF
REF

ARG
REF
REF
REF
REF
REF
REF
REF
REF
REF

REF

REF

REF

ARG
ARG



R*4 WPP1 ECI SET

R*4 WPP2 ECI SET
R*4 WPP3 ECI SET
R*4 WPP4 ECI SET
R*4 WSUM SLOCAL SET REF
R*4 WTCOST ECI SET
R*4 WIRT ECI SET
R*4 WWO SLOCAL SET
R*¢ XDR ECI SET
R*4 XFIT ECI SET
R*4 XINF ECI SET
R*4 XROY ECI SET
R*4 XSEV ECI SET
R*4 XSTX ECI SET
R*4 XTCR ECI SET
R*4 XWPT ECI SET
R*4 XXPAT SLOCAL SET REF
R*4 YR SLOCAL SET ARG

ARRAYS REFERENCED

TYPE NAME LOCATION DIMENSIONS ACTION
R*4 AQVH ECO (50) SET
R*4 AQIR ECO (50) SET
R*4 BPO ECI (50) SET
R*4 CICH ECI (50) SET
R*4 CICL ECI (50) SET
R*4 CICM ECI (50) SET
R*4 CIPH ECI (50 SET
R*4 CIPL ECI (50) SET
R*4 CIPM ECI (50) SET
R*4 CML ECI (50) SET
R*4 CTCH ECI (50) SET
R*4 CTCL ECI (50) SET
R*4 CTCM ECI (50) SET
R*4 CTI ECI (50) SET
R*4 CTPH ECI (50) SET
R*¢ CTPL ECI (50) SET
R*4 CTPM ECI (50) SET
R*4 CUMGAS REPORT (200) ARG
R*4 CUMIA REPORT (200) ARG
R*4 CUMIW REPORT (200) ARG
R*4 CUMOIL REPORT (200) ARG
R*4 CUMWAT REPORT (200) ARG
R*4 DATE ECO (50’ SET
R*4 EDPH ECI (50) SET
R*4 EDPL ECI (50) SET
R*4 EDPM ECI (50) SET
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R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*¢
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4

FOCH
FOCL
FOCM
GENC
MUCI
MUCT
MUDB
MUED
MUFO
MUIN
MUOPC
MUPB
MUPG
MUPO
MURP
MUVG
MUVI
MUVO
MUVW
MUWO
OILR
OPCH
OPCL
OPCM
PATI
PATIOX
PGH
PGL
PGM
POH
POL
POM
QHM
QHP
SIGCI
SIGCT
SIGED
SIGFO
SIGOPC
SIGPF
SIGPG
SIGPO
SIGVO
TIME
TITL
VDM
VGM
VGP
VHM
VHP

ECI
ECI
ECI
ECI
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
REPORT
ECI
ECI
ECI
ECI
ECI
ECI

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(200)
(20)
(50)
(50)
(50)
(50)
(50)
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SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
ARG
ARG
SET
SET
SET
SET
SET



R*4
R*4
R*4
R*4
R*¢4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

VIM
vip
VOH
VoL
VoM
vop
VoS

VWP
WDC
WO

ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
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SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET



5.14 SUBROUTINE STCDE

.

CALLED FROM : INEC

DESCRIPTION : GIVEN STATE ALPHA, COMPUTES STATE CODE, OR
GIVEN STATE CODE, COMPUTES STATE ALPHA

SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
I*4 I $LOCAL SET REF
I*4 IST ARG SET

I*4 K SLOCAL SET

I*4 ST ARG SET

ARRAYS REFERENCED
TYPE NAME LOCATION  DIMENSIONS ACTION

I*4 STATE SLOCAL (53) REF
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5.15 SUBROUTINE CHEKE

CALLED FROM ¢ INEC

.

DESCRIPTION

X3

DEFAULT CHECKING FOR ECONOMIC DATA

SUBROUTINES CALLED : SDINT - SINGLE DIMENSIONAL LINEAR INTERPOLATION

CIND - DEFINES DEFAULT VALUES FOR PROCESS
INDEPENDENT COST DATA

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 ACRES ARG REF

R*4 AQOVH1 ECO SET

R*4 API ARG ARG

R*4 BPOW ECI SET

R*¢ BTIM ECI SET

R*4 CAP SLOCAL SET REF
R*4 ccosT ECI SET

R*4 CDAO ECS ARG

R*4 CEQP ECS ARG

R*4 CINJ ECS ARG
R*4 CIWO ECS ARG

R*4 CNVT ECS ARG
R*4 COSTML ECI SET

R*4¢ COSTTI ECI SET

R*4 CREP ECS ARG SET
R*4 CSEC ECS ARG
R*4 CTACR ECI SET

R*4 DBTINT ECI SET

R*4 DCE ECI SET

R*4 DCEl SLOCAL SET REF
R*4 DECL ECI SET

R*4 DEPTH ARG ARG

R*4 DTIM ECI SET

R*4 EPHO ECI SET
R*4 ESC SLOCAL SET REF
R*4 ESCBP ECI SET
R*¢ ESCCI ECI SET
R*4 ESCCT ECI SET
R*4 ESCED ECI SET
R*4 ESCFO ECI SET
R*4 ESCPG ECI SET
R*4 ESCPO ECI SET
R*4 ESCWO ECI SET
R*4 FACTOR SLOCAL SET REF
R*4 GTRT ECI SET
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I*4
I*4
I*4
I*4
I*4
I*4
R*4
I*4
I*4
I*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

ARRAYS REFERENCED

TYPE

R*¢
R*4
R*4
R*4
R*4
R*4
R*4

I

IDEP
IDIST
IS0
ISTATE
M
MUPPV
MYR
NYPAID
NYRRPY
OILB
OILC
PCTDBT
PLANT
UNCO
UNIT
WCAP
WCI
WCT
WDCOST
WMAX
WOCOST
WPHO
WPPl
WPP2
WPP3
WPP4
WTCOST
WIRT
XDR
XFIT
XINF
XPRICE
XROY
XSEV
XSTX
XTCR

NAME

API1
API2
BPO

CIPH
CIPL
CIPM
CML

SLOCAL
ECI
ECI
ECI
ECI
ECI
ECS
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
SLOCAL
ECI
SLOCAL
SLOCAL
ECI
SLOCAL
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
SLOCAL
ECI
ECI
ECI
ECI

LOCATION

SLOCAL
SLOCAL
ECI
ECI
ECI
ECI
ECI

(5)

(5)

(50)
(50)
(50)
(50)
(50)

SET
SET
ARG
REF
ARG
REF
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
ARG
SET
SET
REF
REF
REF
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
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REF

REF

REF
REF

REF

DIMENSIONS

ACTION

REF ARG
REF ARG
SET
SET
SET
SET
SET



R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

CTI
CTPH
CTPL
CTPM
DATE
EDPH
EDPL
EDPM
FOCH
FOCL
FOCM
OILPl
OILP2
OPCH
OPCL
OPCM
PGH
PGL
PGM
POH
POL
POM
VoS
WDC
WO

ECI
ECI
ECI
ECI
ECO
ECI
ECI
ECI
ECI
ECI
ECI
SLOCAL
SLOCAL
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(5)

(5)

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
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SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
REF
REF
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

ARG
ARG



5.16 SUBROUTINE CIND

CALLED FROM : CHEKE

.o

DESCRIPTION : DEFINES DEFAULT VALUES FOR PROCESS INDEPENDENT COST
DATA

SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 CDAO ARG SET
R*4 CEQP ARG SET
R*4 CINJ ARG SET
R*4 CIWO ARG SET
R*4 CNVT ARG SET
R*4 CREP ARG SET
R*4 CSEC ARG SET
R*¢ DEPTH ARG REF
I*4 IDIST ARG REF
I*4 ISTATE ARG REF
R*4 PRGAS ARG REF
R*4 RATE ARG REF
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5.17 SUBROUTINE ECFTR

CALLED FROM : INEC

»

DESCRIPTION : CALCULATES COST ADJUSTMENT FACTORS DUE TO CHANGES
IN OIL PRICE

SUBROUTINES CALLED : (NONE)

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 FACT ARG SET
R*4 FDC ARG SET
R*4 FEQP ARG SET
R*4 FOPR ARG SET
R*4 FUEL ARG SET
I*4 ISTATE ARG REF
R*4 PRICE ARG REF
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5.18 SUBROUTINE ECON

CALLED FROM

MAIN

DESCRIPTION : CALCULATES ANNUAL CASH FLOW (REVENUES, COSTS AND TAXES),
CALCULATES CAPITAL DEPRECIATION AND PRESENT VALUE

SUBROUTINES CALLED : DCFROR - COMPUTES DCF RATE OF RETURN

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 API ARG REF

R*4 BPONE SLOCAL SET REF
R*4 BTINC SLOCAL SET REF
R*4 cC ECS SET

R*4 ccC SLOCAL SET REF
R*4 CCD SLOCAL SET REF
R*4 CFATT SLOCAL SET ARG
R*4 CFMAX SLOCAL SET REF
L*4 CHKR1 SLOCAL REF

L*4 CHKR2 SLOCAL REF

R*4 CINV SLOCAL SET REF
R*4 COSR ECS SET

R*4 COSTRT ECI SET ARG
R*4 CREC SLOCAL SET REF
R*4 CTXC SLOCAL SET REF
R*4 DBTINT ECI REF

R*4 DCFB ECS SET

R*4 DEPAMT SLOCAL SET REF
R*4 DIFF SLOCAL SET REF
R*4 DNB ECS SET

R*4 DTIM ECI ARG

R*¢ EFFINV ECS ARG

R*4 EPHO ECI REF

R*4 EQAP SLOCAL SET REF
R*4 FACT ARG REF

R*4 FDC ARG REF

R*4 FEQP ARG REF

R*4 FOPR ARG REF

I*4 I $LOCAL SET REF
I*4 IDEBT ECI REF

I*4 IDEP ECI REF

I*4 IDISC ECI ARG

I*4 IDT SLOCAL SET REF
I*4 IFIT ECI REF

I*4 IHJH SLOCAL SET REF
I*4 ILIF $LOCAL SET REF
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I*4
I*4
I*¢
I*4
I*4
I*4
I*4
I*4
I*4
R*4
I*4
I*4
I*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

IOUT
IPAY
ISTATE
Iw

J

JL

JU

M

Ml
MUPPV
MYR
NYPAID
NYRRPY
ONPKAI
ONPKNO
OPCI
OPCS
PAYOUT
PCTDBT
PLIFE
ROR
SCIPV
SCTPV
SEDPV
SFOPV
SIGCI2
SIGCT2
SIGED2
SIGFO2
SIGG2
SIGO2
SINT
SNOS
SOPCP
SPGPV
SPOPV
SPRP
SRPV
SSEV
SSIGCI
SSIGCT
SSIGED
SSIGFO
SSIGG
SSIGO
STDDEV
SUMCI
SUMED
SUMFO
SUMML

ECI
SLOCAL
ECI
FLAGS
SLOCAL
SLOCAL
SLOCAL
ECI
SLOCAL
ECS
ECI
ECI
ECI
SLOCAL
SLOCAL
SLOCAL
S$LOCAL
ECS
ECI
ECS
ECS
$LOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
ECS
ECS
SLOCAL
SLOCAL
SLOCAL
ECS
ECS
ECS
$LOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
ECS
ECS
ECS
ECS
ECS
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REF

REF
REF
REF

REF
ARG

REF
REF

SET
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF

REF
REF
REF

REF
REF
REF
REF
REF
REF



R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

SUMOH
SUMOPC
SuMP
SUMTD
SUMT1I
SUMTO
SUMVIM
SUMVOM
SUMWC
SUMWD
SUMWO
SUMWT
SVGS
SVON
SVOS
TCRED
TOTD
UARTP
UCFB
UFIT
UINT
ULOAN
UMM
UNIT
UNOS
URPV
USCI
USED
USEV
USFO
USIT
USML
USOH
USOPC
usTC
USTI
USTO
USWD
uswo
USWT
UWCAP
UWPT
VOSOLD
WCAP
WPHO
WPHOF
XCRED
XDR
XFIT
XINF

ECS
ECS
SLOCAL
SLOCAL
ECS
SLOCAL
S$LOCAL
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
$LOCAL
ECS
ECS
ECS
ECS
ECS
ECS
SLOCAL
$LOCAL
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
ECS
SLOCAL
ECI
ECI
$LOCAL
SLOCAL
ECI
ECI
ECI

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

. SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
REF
REF
SET
SET
ARG
ARG
ARG
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REF
ARG

REF
REF

REF

REF
REF



R*4 XONE SLOCAL SET REF

R*¢ XROY ECI REF
R*4 XSEV ECI REF
R*4 XSTX ECI REF
R*4 XTCR ECI REF
R*4 XTHREE SLOCAL SET REF
R*4 XWC SLOCAL SET REF
R*4 XWPT ECI REF
R*4 XX SLOCAL SET REF
R*4 YC SLOCAL SET REF
R*¢ YY $LOCAL SET REF

ARRAYS REFERENCED

TYPE NAME LOCATION DIMENSIONS ACTION
R*4 ACAP ECO (50) SET
R*4 ACML ECO (50) SET
R*4 ACOST ECO (50) SET
R*4 ACRS SLOCAL (5, 3) REF
R*4 AEDP ECO (50) SET
R*4 AFIT ECO (50) SET
R*4 AFOC ECO (50) SET
R*4 ANET ECO (50) SET
R*4 ANOI ECO (50) SET
R*4 ANTI ECO (50) SET
R*4 AOVH ECO (50) SET
R*4 AQGR ECO (50) SET
R*4 AQIR ECO (50) SET
R*4 AQOR ECO (50) SET
R*4 AQWR ECO (50) SET
R*4 AREV ECO (50) SET
R*4 AREVG ECO (50) SET
R*4 AREVO ECO (50) SET
R*4 AROY ECO (50) SET
R*4 ARVWPT ECO - (50) SET
R*4 ASEV ECO (50) SET
R*4 ASTX ECO (50) SET
R*4  ATIN ECO (50) SET
R*4 ATPR ECO (50) SET
R*4 AVOC ECO (50) SET
R*4 AWCP ECO (50) SET
R*4 AWDC ECO (50) SET
R*4 AWPP ECO (50) SET
R*4 AWPT ECO (50) SET
R*4 AWTC ECO (50) SET
R*4 BPO ECI (50) REF
R*4 ~ CDAT ECO (50) SET
R*4 CDBT ECO (50) SET
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R*4
R*¢
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*¢
R*4

CFAT
CFBT
CICH
CICL
CIcM
CML
CNOI
CTCH
CTCL
CTCM
CTI
DATE
DCFAT
DCFBT
DEPS
EDPH
EDPL
EDPM
FOCH
FOCL
FOCM
MUCI
MUCT
MUDB
MUED
MUFO
MUIN
MUOPC
MUPB
MUPG
MUPO
MURP
MUVG
MUVI
MUVO

MUWO
OILR
OPCH
OPCL
oPCM
PATI
PGH
PGL
PGM
POH
POL
POM
PVDF
QHM

ECO
ECO
ECI
ECI
ECI
ECI
ECO
ECI
ECI
ECI
ECI
ECO
ECO
ECO
ECO
ECI
ECI
ECI
ECI
ECI
ECI
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECO
ECI

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
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SET
REF
REF
REF
REF
SET
REF
REF
REF
REF
REF
SET
SET
SET
REF
REF
REF
REF
REF
REF
SET
SET
SET
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SET
SET
SET
SET
SET
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
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R*4

R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

SIGCI
SIGCT
SIGED
SIGFO
SIGOPC
SIGPG
SIGPO
SIGVO
TXCR
VDM
vGeM
VGNET
VIM
VOH
VOL
VOM
VONET
VOSLD

WO
WIC

ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECO
ECI
ECI
ECO
ECI
ECI
ECI
ECI
ECO
ECO
ECI
ECI
ECI
ECI

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
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5.19 SUBROUTINE DCFROR

CALLED FROM

DESCRIPTION

ECON

SUBROUTINES CALLED :

SCALARS REFERENCED

TYPE

R*4
R*4
I*4
R*4
R*4
R*4
R*4
I*4
I*4
I*4
I*4
I*4
I*¢
I*4
L*4
R*4
I*4
R*4
R*4
I*4
I*4
I*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
I*4

NAME

CCF
COSTRT
COUNT
DCFATP
DCFATT
DMUL
EFFINV
I
IDISC
IouT
IT
ITMAX
Iw

J

MARK
MAXNCF
MUPPV
MUSPV
MUXPV
MYR
NEGYR
NSCHG
ROR
SUMNCF
SUMPCF
Tl

T2

XDR
XDRN
XDRS
XINF
XINVES
XROR

YR

(NONE)

LOCATION

SLOCAL
ARG
SLOCAL
SLOCAL
SLOCAL
SLOCAL
ARG
SLOCAL
ARG
ARG
SLOCAL
SLOCAL
FLAGS
SLOCAL
SLOCAL
SLOCAL
SLOCAL
SLOCAL
ARG
ARG
SLOCAL
SLOCAL
ARG
SLOCAL
SLOCAL
SLOCAL
SLOCAL
ARG
SLOCAL
SLOCAL
ARG
SLOCAL
SLOCAL
SLOCAL
SLOCAL

COMPUTES DCF RATE OF RETURN

ACTION

SET
REF
REF
SET
SET
SET
SET
SET
REF
REF
SET
SET
REF
SET
REF
REF
SET
REF
REF
REF
SET
SET
SET
SET
SET
SET
SET
REF
SET
SET
REF
SET
SET
SET
REF
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REF

REF
REF
REF

REF

REF
REF

REF
SET
SET

SET

REF

REF
REF
REF
REF

REF
REF

REF
REF
REF
SET



ARRAYS REFERENCED

TYPE NAME LOCATION DIMENSIONS ACTION
R*4 ATPR ARG (50) REF
R*4 CFAT ARG (50) REF
R*4 DCFAT ARG (50) REF
R*4 MUCI ECC (50) REF
R*4 MUCT ECC (50) REF
R*4 MUDB ECC (50) REF
R*4 MUED ECC (50) REF
R*4 MUFO ECC (50) REF
R*4 MUIN ECC (50) REF
R*4 MUOPC ECC (50) REF
R*4 MUPB ECC (50) REF
R*4 MUPG ECC (50) REF
R*4 MUPO ECC (50) REF
R*4 MURP ECC (50) REF
R*4 MUVG ECC (50) REF
R*4 MUVI ECC (50) REF
R*4 MUvVO ECC (50) REF
R*4 MUVW ECC (50) REF
R*4 MUWO ECC (50) REF
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5.20 SUBROUTINE OUTE

CALLED FROM : MAIN

oo

DESCRIPTION : WRITES ECONOMIC ANALYSIS REPORT
SUBROUTINES CALLED : TITLE ~ PRINTS HEADER WITH RELEASE NUMBER

SCALARS REFERENCED

TYPE NAME LOCATION ACTION
R*4 cC ECS REF

R*4 COSR ECS REF

R*¢ DCFB ECS REF

R*4 DCFGS SLOCAL SET REF
R*4 DCFH SLOCAL SET REF
R*4 DCFL SLOCAL SET REF
R*4 DCPDB SLOCAL SET REF
R*4 DNB ECS REF

R*4 EFFINV ECS REF

I*4 I $LOCAL SET REF
I*4 IDEBT ECI REF

I*4 IDSH SLOCAL REF

I*4 IFIN SLOCAL SET REF
I*4 INIT SLOCAL SET REF
I*4 IOUT ECI REF

I*¢ Iw FLAGS REF

I*4 M ECI REF

R*4 MUPPV ECS REF

I*4 MYR ECI REF

R*¢ OROR SLOCAL SET

R*4 PAYQUT ECS REF

R*4 PCC SLOCAL SET

R*4 PLIFE ECS REF

R*4 PROBZ SLOCAL - SET

R*¢ PXDR SLOCAL SET REF
R*¢ ROR ECS REF

R*4 RPE SLOCAL SET REF
R*4 RPI $LOCAL SET REF
R*4 SINT ECS REF

R*4 SNOS ECS REF

R*4 SPRP ECS REF

R*4 SRPV ECS REF

R*4 SSEV ECS REF

R*4 STDDEV ECS REF

R*4 SUMCI ECS REF

R*4 SUMED ECS REF

R*4 SUMFO ECS REF
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R*4 SUMML ECS REF

R*4 SUMOH ECS REF
R*4 SUMOPC ECS REF
R*4 SUMTI ECS REF
R*4 SUMVOM ECS REF
R*4 SUMWC ECS REF
R*4 SUMWD ECS REF
R*4 SUMWO ECS REF
R*4 SUMWT ECS REF
R*4 SVON ECS REF
R*4 TEXP SLOCAL SET REF
R*4 TINV SLOCAL SET REF
R*4 TOPC SLOCAL SET REF
R*4 TOTD ECS REF
R*4 UATP ECS REF
R*4 UCFB ECS REF
R*4 UFIT ECS REF
R*4 UINT ECS REF
R*4 ULOAN ECS REF
R*4 UMM SLOCAL SET REF
R*4 UNIT SLOCAL SET REF
R*4 UNQOS ECS REF
R*4 URPV ECS REF
R*4 USCI ECS REF
R*4 USED ECS REF
R*4 USEV ECS REF
R*4 USFO ECS REF
R*4 USIT ECS REF
R*4 USML ECS REF
R*4 USOH ECS REF
R*4 USOPC ECS REF
R*4 USTC ECS REF
R*4 USTI ECS REF
R*4 USWD ECS REF
R*4 Uswo ECS REF
R*¢ USWT ECS REF
R*4 UWCAP ECS REF
R*4 UWPT ECS REF
R*¢ XDR ECI REF
R*4 XINF ECI REF

ARRAYS REFERENCED

TYPE NAME LOCATION DIMENSIONS ACTION
R*4 ACAP ECO (50) REF
R*4 ACML ECO (50) REF
R*4 ACOST ECO (50) REF
R*4 AEDP ECO (50) REF
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R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
I*4
I*4
R*4

R*¢ |

R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4
R*4

AFIT
AFOC
ANET
ANIP
ANOI
ANTI
AOVH
AQGR
AQIR
AQOR
AQWR
AREVO
AROY
ASEV
ASTX
ATIN
ATPR
AvVOC
AWCP
AWDC
AWPP
AWPT
AWTC
BPO
CDAT
CDBT
CFAT
CFBT
CNOI
DATE
DCFAT
DCFBT
IDS1
IDS2
MUCI
MUCT
MUDB
MUED
MUFO
MUIN
MUOPC
MUPB
MUPG
MUPO
MURP
MUVG
MUVI
MUVO
MUVW
MUWO

ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECI
ECO
ECO
ECO
ECO
ECO
ECO
ECO
ECO
SLOCAL
SLOCAL
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC

(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
(50)
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REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
SET
SET
REF
SET
SET
SET
SET
REF

SET
SET



R*4
R*4
R*4
R*4
R*4

PVDF
TITL
TXCR
VGM
VONET

ECO
ECI
ECO
ECI
ECO

(50)
(20)
(50)
(50)
(50)
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SECTION 6
ICPM COMMON GLOSSARY

VARIABLES IN LABELLED COMMON ARE DEFINED IN THIS SECTION. THERE
IS NO BLANK COMMON IN ICPM.

6.1 COMMON /FLAGS/

1J1 - NOT USED

IRES - NOT USED

IPAT - NOT USED

IWRIT ~ CONTROLS PRINTING OF INTERMEDIATE RESULTS OF RESERVOIR
CALCULATIONS

IECON - CONTROLS ECONOMIC ANALYSIS

IERR - ERROR FLAG

IR - UNIT NUMBER FROM WHICH A SINGLE SET OF DATA IS PROCESSED = 7

Iw - UNIT NUMBER FOR PRINTOUT = 6

Ip - NOT USED

NZONE - NUMBER OF BURN ZONES

6.2 COMMON /RESVR/

DEPTH - RESERVOIR DEPTH, FT

PFORM - CURRENT RESERVOIR PRESSURE, PSIA

TFORM - CURRENT RESERVOIR TEMPERATURE, DEG. F

TNET - TOTAL NET THICKNESS, OR BURN ZONE THICKNESS, FT.
PERM - RESERVOIR ABSOLUTE PERMEABILITY, MD

POROS - RESERVOIR POROSITY, FRACTION

VISso - DEAD OIL VISCOSITY, CP

VISW - WATER VISCOSITY IN RESERVOIR, CP

BOI - QIL FORMATION VOLUME FACTOR, RB/STB
BWI - WATER FORMATION VOLUME FACTOR, RB/STB

AREA - TOTAL DEVELOPED AREA, ACRES

WELLSP - NUMBER OF PRODUCING WELLS IN DEVELOPED AREA

S0I - CURRENT OIL SATURATION IN RESERVOIR, FRACTION
SGI -~ CURRENT GAS SATURATION IN RESERVOIR, FRACTION (ZERO)
SWI - CURRENT WATER SATURATION IN RESERVOIR, FRACTION
BRNMX - MAXIMUM THICKNESS PER BURN ZONE, FT

oIp - OIL IN PLACE/PATTERN/BURN ZONE, MSTB

WIP - NOT USED

GIP - NOT USED

TOTOIL - TOTAL OIL IN PLACE/ BURN ZONE, MMSTB

TVP - TOTAL PORE VOLUME/ BURN ZONE, MM RES BBL

SWEEP - MAXIMUM VOLUME SWEPT, FRACTION

ARIN - AIR INJECTION RATE, MSCF/D

ARINJ - AIR INJECTION RATE, MSCF/D
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PINJ -
WELLSI -
HPP -
PDP -
AREAP -
FwA -
OILBF -
PATVOL -
AFR -
AR -

INJECTION PRESSURE, PSIA

NUMBER OF INJECTION WELLS
COMPRESSOR HORSEPOWER PER PATTERN
DISCHARGE PRESSURE,
PATTERN ARER,
WATER/AIR RATIO, .STB/MSCF

FINAL OIL BURNED, STB/ACRE-FT
PATTERN VOLUME, ACRE-FT

AIR/FUEL RATIO, MSCF/STB OIL BURNED
AIR REQUIREMENT, MSCF/FT3 RESV

PSIA
ACRES

6.3 COMMON /SPECPAR/

TNETORG - TOTAL NET THICKNESS, FT

6.4 COMMON /REPORT/

CUMOIL(200)
CUMGAS(200)
CUMWAT(200)
CUMOB(200)
CUMIA(200)
CUMIW(200)
CUMAW(200)

FOSC(200)
FOSI(200)
PROIL(200)
PRGAS(200)
PRWAT(200)
AIRQ(200)
WATQ(200)
TIME(200)
DTIME(200)
FRVS(200)
RECOV(200)
PRODS(200)

1

CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE

OIL PRODUCED PER PATTERN, MSTB
GAS PRODUCED PER PATTERN, MMSCF
WATER PRODUCED PER PATTERN, MBBL
OIL BURNED AS FUEL PER PATTERN, MSTB
AIR INJECTED PER PATTERN, MMSCF
CUMULATIVE WATER INJECTED PER PATTERN, MBBL
CUMULATIVE EQUIV. AIR INJECTED FOR WET COMB.
PER PATTERN, MMSCF

CUMULATIVE OIL/AIR RATIO, STB/MSCF

OIL/AIR RATIO AT TIME I, STB/MSCF

OIL PRODUCTION RATE PER PATTERN, STB/D

GAS PRODUCTION RATE PER PATTERN, MSCF/D
WATER PRODUCTION RATE PER PATTERN, STB/D
AIR INJECTION RATE PER PATTERN, MSCF/D
WATER INJECTION RATE PER PATTERN, STB/D
TIME IN YEARS

DIMENSIONLESS TIME

VOLUME OF PATTERN BURNED, FRACTION

OIL RECOVERY, FRACTION

NOT USED

6.5 COMMON /FPROP/

API - OIL GRAVITY, DEG. API

RS - CURRENT SOLUTION GAS-OIL RATIO, MSCF/RBEL
VIS80 - NOT USED

VIS100 - VISCOSITY OF OIL AT 100 DEG. F., CP
VIS210 - VISCOSITY OF OIL AT 210 DEG. F., CP

VISl - NOT USED

Vis2 - NOT USED
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SGO
SGW
5GG
BB(42)

OIL SPECIFIC GRAVITY (W.R.T. WATER), FRACTION

WATER SPECIFIC GRAVITY, FRACTION

GAS SPECIFIC GRAVITY (W.R.T. AIR), FRACTION
COEFFICIENTS FOR CURVE-FITTING VISCOSITY CORRELATION

6.6 COMMON /EC1/

M

MYR
IOUT
ISTATE
IDIST
IFIT
IDISC
IFUL
ISO
IDEP
PCTDBT

DBTINT
NYRRPY
NYPAID
IDEBT
CCcosT
GTRT
WIRT
CTACR
DCE
PLANT
WOCOST
WTCOST
WDCOST
COSTML
COSTTI
WCAP
UNCO
WPP
COSTRT
WPP1
WPP2
WPP3

WPP4
POBASE
OILB
OILC
DECL
XDR
XINF

NUMBER OF YEARS IN THE PROJECT (FOR ALL PATTERNS)
NUMBER OF YEARS OF PRODUCTION

INTERMEDIATE OUTPUT CONTROL

STATE CODE

DISTRICT CODE (WITHIN A STATE)

FEDERAL INCOME TAX CREDIT OPTION

CONTROL FOR DISCOUNTING METHOD

NOT USED

CONTROL FOR READING SECONDARY OIL VOLUMES
CONTROL FOR DEPRECIATION METHOD

PERCENT OF CAPITAL (TANGIBLE AND INTANGIBLE) COSTS
TO BE BORROWED, PERCENT

DEBT INTEREST RATE, PERCENT

NUMBER OF YEARS BEFORE BEGINNING DEBT REPAYMENT
NUMBER OF YEARS BEFORE COMPLETING DEBT REPAYMENT
CONTROL ON DEBT CALCULATIONS

COMPRESSOR COST, $/HP

WASTE GAS TREATING COST, $/MSCF/D

WATER TREATING AND RECYCLE COST, $/BBL/D

AIR DIST, VAPOR RECOV, AND SURFACE FACIL COST, $/ACRE
WELL DRILLING/COMPLETION/EQUIP COST, $/FOOT
CENTRAL PLANT FACILITIES COST, $/STB/D

ANNUAL WELL WORKOVER COST PER PATTERN, M$
PRODUCED WATER TREATING COST, $/BBL

WATER DISPOSAL COST, $/BBL

COMPRESSOR MAINT AND LABOR COST, $/MSCF
TECHNICIAN AND INSTRUMENT COST, $/MSCF

MONTHS OF WORKING CAPITAL, MONTHS

OIL RATE UNCERTAINTY, FRACTION

NUMBER OF WELLS DRILLED PER PATTERN

PROJECT STARTUP COSTS, M$ ’

NUMBER OF INJECTORS DRILLED PER PATTERN

NUMBER OF PRODUCERS DRILLED PER PATTERN

NUMBER OF PRIMARY PRODUCERS CONVERTED TO SECONDARY PRODUCERS
PER PATTERN

NUMBER OF EXISTING PRODUCERS CONVERTED TO INJECTORS PER PATTERN
NOT USED

1979 PROJECT BASE OIL RATE, MBBL/YR

CURRENT NON-TERTIARY PROJECT OIL RATE, MBBL/YR
ANNUAL OIL PRODUCTION DECLINE RATE, FRACTION
MONETARY DISCOUNT RATE, FRACTION

INFLATION RATE, FRACTION
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XROY
XSEV
XWPT
XFIT
XTCR
DTIM
XSTX
WPHO
EPHO
BTIM
BPOW

ESCPO
ESCPG
ESCPF
ESCFO
ESCED
ESCCT
ESCCI
ESCWO
ESCWT
ESCWI
ESCBP

ROYALTY RATE, FRACTION

SEVERANCE TAX RATE, FRACTION

WINDFALL EXCISE TAX RATE, FRACTION
FEDERAL INCOME TAX RATE, FRACTION
INVESTMENT TAX CREDIT, FRACTION
INVESTMENT DEPRECIATION TIME, YRS
STATE INCOME TAX RATE, FRACTION
WINDFALL TAX BEGINNING PHASE OUT DATE
WINDFALL TAX ENDING PHASE OUT DATE
BASE TIME FOR PROJECT START

BASE OIL PRICE AT START OF PROJECT FOR PURPOSES OF WPT
CALCULATIONS, $/BBL

ESCALATION RATE OF OIL PRICE, FRACTION
ESCALATION RATE OF GAS PRICE, FRACTION
NOT USED

- ESCALATION RATE OF FIXED OPERATING COSTS, FRACTION

ESCALATION RATE OF ELECTRIC DRIVER OPERATING COST, FRACTION
ESCALATION RATE OF TANGIBLE CAPITAL, FRACTION

ESCALATION RATE OF INTANGIBLE CAPITAL, FRACTION

ESCALATION RATE OF WELL WORKOVER COSTS, FRACTION

NOT USED

NOT USED

INFLATION RATE PLUS TWO PERCENT

OILR(50)-~ OIL RELEASED, BBL

VOS(50) - VOLUME OF SECONDARY OIL PRODUCED PER PATTERN, MBBL/YR
POL(50) - OIL PRICE, LOW, $/BBL

POM(50) - OIL PRICE, MOST LIKELY, $/BBL

POH(50) - OIL PRICE, HIGH, $/BBL

PGL(50) - GAS PRICE, LOW, $/MSCF

PGM(50) - GAS PRICE, MOST LIKELY, $/MSCF

PGH(50) - GAS PRICE, HIGH, $/MSCF

FOCL(50)
FOCM(50)
FOCH(50)
OPCL(50)
OPCM(50)
OPCH(50)
EDPL(50)
EDPM(50)
EDPH(50)
WIC(50)

WDC(50)

CML(50)

CTPL(50)
CTPM(50)
CTPH(50)
CIPL(50)
CIPM(50)
CIPH(50)
CTCL(50)

- FIXED OPERATING COST PER PATTERN, LOW, S$/YR

- FIXED OPERATING COST PER PATTERN, MOST LIKELY, $/YR
- FIXED OPERATING COST PER PATTERN, HIGH, $/YR

- VARIABLE OPERATING COST, LOW, $/BBL OIL PRODUCED

- VARIABLE OPERATING COST, MOST LIKELY, $/BBL OIL PRODUCED
~ VARIABLE OPERATING COST, HIGH, $/BBL OIL PRODUCED

- ELECTRIC DRIVER OPERATING COST, LOW, S$/KWHR

- ELECTRIC DRIVER OPERATING COST, MOST LIKELY, $/KWHR
- ELECTRIC DRIVER OPERATING COST, HIGH, $/KWHR

-~ PRODUCED WATER TREATING COST FOR PROJECT , $/BBL

- WATER DISPOSAL COST, $/BBL

- MAINTENANCE AND LABOR COST, $/MSCF

- TANGIBLE CAPITAL COSTS PER PATTERN, LOW, §

- TANGIBLE CAPITAL COSTS PER PATTERN, MOST LIKELY, $

- TANGIBLE CAPITAL COSTS PER PATTERN, HIGH, $

- INTANGIBLE CAPITAL COSTS PER PATTERN, LOW, §

- INTANGIBLE CAPITAL COSTS PER PATTERN, MOST LIKELY, $
- INTANGIBLE CAPITAL COSTS PER PATTERN, HIGH, $

- TANGIBLE CAPITAL COSTS FOR PROJECT , LOW, $
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CTCM(50)
CTCH(50)
CICL(50)
CICM(50)
CICH(50)
VOL(50) -
VOM(50) -
VOH(50) -
WO(50) -
BPO(50) -
CTI(50) -
VGM(50) -

VWM(50) -
VIM(50) -
GNUM(50) -
GENC(50) -
TITL(20) -
QHM(50) -
VHM(50) -
VDM(50) -
QHP(50) -
VHP(50) -
VOP(50) -
VGP(50) -
VWP(50) -
VIP(50) -
PATI(50)

6.7 COMMON

MUVO(50)
MUVG(50)
MUVW(50)
MUVI(50)
MUPO(50)
MUPG(50)
MUWO(50)
MUFO(50)
MUOPC(50)
MUED(50)
MUCT(50)
MUCI(50)
MUDB(50)
MURP(50)
MUIN(50)
MUPB(50)

SIGVO(50)

TANGIBLE CAPITAL COSTS FOR PROJECT , MOST-LIKELY, §
TANGIBLE CAPITAL COSTS FOR PROJECT , HIGH, $
INTANGIBLE CAPITAL COSTS FOR PROJECT, LOW, §
INTANGIBLE CAPITAL COSTS FOR PROJECT, MOST-LIKELY, $
INTANGIBLE CAPITAL COSTS FOR PROJECT, HIGH, §

OIL PRODUCTION , LOW , STB/YR

OIL PRODUCTION , MOST-LIKELY , STB/YR

OIL PRODUCTION , HIGH , STB/YR

WELL WORKOVER COST PER PATTERN, $/YR

BASE PRICE OF OIL FOR WPT , $/BBL

TECHNICIAN AND INSTRUMENT COSTS, $/MSCF

VOLUME OF WASTE GAS PRODUCED FOR PROJECT, MOST LIKELY,
MMSCF /YR

VOLUME OF WATER PRODUCED FOR PROJECT, MOST LIKELY, STB/YR
AIR INJECTED FOR PROJECT, MOST-LIKELY , MMSCF/YEAR
NUMBER OF COMPRESSORS PURCHASED EACH OF MYR YEARS
COMPRESSOR CAPITAL COST, Ms

UP TO 80 ALPHA-NUMERIC CHARACTERS TO IDENTIFY RUN
TOTAL COMPRESSOR HORSEPOWER, MOST LIKELY, KW-HR/YR
WATER INJECTED, MOST LIKELY, STB/YEAR

WATER DISPOSAL, MOST LIKELY, STB/YEAR

ANNUAL COMPRESSOR HORSEPOWER, KW-HR/YR/PATTERN

ANNUAL WATER INJECTED, MMBBL/YR/PATTERN

VOLUME OIL PRODUCED, MBBL/YR/PATTERN

VOLUME GAS PRODUCED, MMSCF/YR/PATTERN

VOLUME WATER PRODUCED, MBBL/YR/PATTERN

VOLUME AIR INJECTED, MMSCF/YR/PATTERN

NUMBER OF PATTERNS INITIATED EACH YEAR OF THE PROJECT

/ECC/

- MEAN OIL VOLUME, BBL

- MEAN GAS VOLUME, MMSCF

- MEAN WATER VOLUME, BBL

- MEAN AIR INJECTED , MMSCF

- MEAN OIL PRICE, MMS$S/BBL

- MEAN GAS PRICE, MMS$/MSCF

- MEAN WELL WORKOVER COST, MM$

- MEAN FIXED OPERATING COST, MMS/YR

- MEAN VARIABLE OPERATING COST, MM$/BBL OIL
- MEAN ELECTRIC DRIVER OPERATING COST, MMS$/KWHR
- MEAN TANGIBLE CAPITAL, MMS

-~ MEAN INTANGIBLE CAPITAL, MMS

- MEAN DEBT ADDED, MMS

‘-~ MEAN PRINCIPAL REPAYMENT, MMS$

- MEAN INTEREST PAYMENT, MMS$

- MEAN PRINCIPAL BALANCE AT END OF YEAR (AFTER PRINCIPAL
PAYMENT), MMS

OIL VOLUME VARIANCE, STB/YR
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SIGPO(50) - OIL PRICE VARIANCE, MM$/BBL

SIGPG(50) - GAS PRICE VARIANCE, MMS/MSCF

SIGPF(50) =~ NOT USED

SIGFO(50) - FIXED OPERATING COST VARIANCE, MMS/YR

SIGED(50) - ELECTRIC DRIVER COST VARIANCE, MMS/KW-HR

SIGCT(50) - TANGIBLE CAPITAL COST VARIANCE, MMS

SIGCI(50) ~ INTANGIBLE CAPITAL COST VARIANCE, MMs

SIGOPC(50) - VARIABLE OPERATING COST VARIANCE, MMS/BBL OIL PRODUCED

6.8 COMMON /ECS/

SUMVOM
COSR
TOTD
SUMCI
sSvos
SVGS
SVPS
SVIS
SUMWT -

CINg ~
CEQP -
CSEC -

CNVT -
CREP -
Cbao -
Ciwo -

URPV -
UNOS -
USEV -
USFO -
USsOopC -
USED -
uswo -
UsTo -
UWCAP -
USWT -
Uswb -
USOH -
UsTCc -
usct -
UCFB -

TOTAL OIL PRODUCED, MBBL
TOTAL AIR/OIL RATIO, MSCF/BBL

TOTAL TANGIBLE CAPITAL, PRESENT VALUE (DISCOUNTED), MM$
TOTAL INTANGIBLE CAPITAL, PRESENT VALUE (DISCOUNTED), MM$
TOTAL GROSS OIL SOLD, MBBL (DISCOUNTED)

TOTAL GROSS GAS SOLD, MMSCF (DISCOUNTED)

NOT USED

NOT USED

TOTAL PRODUCED WATER TREATING COST, PRESENT VALUE
(DISCOUNTED), MM$

COST OF DRILLING AND COMPLETION FOR AN INJECTION WELL ($/WELL)
COST TO EQUIP NEW PRODUCING WELL ($/NEW PRODUCER)

COST OF ADDITIONAL SECONDARY PRODUCTION EQUIPMENT FOR A
PRIMARY WELL CONVERTED TO A SECONDARY, $/WELL

COST TO CONVERT AN EXISTING PRODUCER TO AN INJECTION WELL,
$/CONVERTED WELL

COST TO UPGRADE SURFACE PROCESSING EQUIPMENT AND LEASE
FACILITIES FOR SECONDARY RECOVERY OPERATIONS, $/PRODUCING WELL
DIRECT ANNUAL OPERATING COSTS FOR SECONDARY RECOVERY
OPERATIONS, $/PRODUCING WELL/YR

ADDITIONAL ANNUAL OPERATING COSTS FOR OFFSHORE WATER
INJECTION, S$/YR

TOTAL GROSS REVENUE (UNDISCOUNTED), MMS

TOTAL NET QIL SALES (UNDISCOUNTED), MMS

TOTAL SEVERENCE TAX (UNDISCOUNTED), MM$

TOTAL FIXED OPERATING COST (UNDISCOUNTED), MM$

TOTAL VARIABLE OPERATING COST (UNDISCOUNTED), MM$

TOTAL ELECTRIC DRIVER OPERATING COST (UNDISCOUNTED), MM$
TOTAL WELL WORKOVER COST (UNDISCOUNTED), MM$

TOTAL OPERATING COST, VARIABLE + FIXED (UNDISCOUNTED), MM$
TOTAL WORKING CAPITAL (UNDISCOUNTED), MMS

TOTAL PRODUCED WATER TREATING COST (UNDISCOUNTED), MM$
TOTAL PRODUCED WATER DISPOSAL COST (UNDISCOUNTED), MM$
TOTAL OVERHEAD COST (UNDISCOUNTED), MM$

TOTAL TANGIBLE CAPITAL (UNDISCOUNTED), MM$

TOTAL INTANGIBLE CAPITAL (UNDISCOUNTED), MM$

TOTAL CASH FLOW BEFORE TAX (UNDISCOUNTED), MMS
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USML - TOTAL COMPRESSOR MAINTENANCE AMD LABOR COST
(UNDISCOUNTED), MMS$

UsTI - TOTAL TECHNICIAN AND INSTRUMENT COST (UNDISCOUNTED), MMs
UWPT - TOTAL WINDFALL PROFITS TAX (UNDISCOUNTED), MMS

USIT - TOTAL STATE INCOME TAX (UNDISCOUNTED), MM$

UFIT - TOTAL FEDERAL INCOME TAX (UNDISCOUNTED), MMs

UATP - TOTAL AFTER TAX PROFIT (UNDISCOUNTED), MM$

UINT - TOTAL INTEREST COST (UNDISCOUNTED), MM$

ULOAN - TOTAL PRINCIPAL REPAYMENT (UNDISCOUNTED), MM$

SINT - TOTAL DEBT INTEREST COST, PRESENT VALUE (DISCOUNTED), MMS$
SPRP - TOTAL PRINCIPAL REPAYMENT, PRESENT VALUE (DISCOUNTED), MM$
SRPV - TOTAL REVENUE, PRESENT VALUE (DISCOUNTED), MM$

SNOS - TOTAL NET OIL SALES, PRESENT VALUE (DISCOUNTED), MMS

SSEV - TOTAL SEVERANCE TAX, PRESENT VALUE (DISCOUNTED), MMS$

SUMFO - TOTAL FIXED OPERATING COST, PRESENT VALUE (DISCOUNTED), MM$
SUMOPC - TOTAL VARIABLE OPERATING COST, PRESENT VALUE (DISCOUNTED), MMs
SUMED - TOTAL ELECTIC DRIVER OPERATING COST, PRESENT VALUE

(DISCOUNTED), MMS

SUMWO - TOTAL WELL WORKOVER COST, PRESENT VALUE (DISCOUNTED), MMS$

SUMWD - TOTAL PRODUCED WATER DISPOSAL COST, PRESENT VALUE
(DISCOUNTED), MMS

SUMOH - TOTAL OVERHEAD COST, PRESENT VALUE (DISCOUNTED), MMS

SUMML - TOTAL COMPRESSOR MAINTENANCE AND LABOR COST, PRESENT VALUE
(DISCOUNTED), MMS

SUMTI - TOTAL TECHNICIAN AND INSTRUMENT COST, PRESENT VALUE
(DISCOUNTED) ,MMS

DCFB - TOTAL DISCOUNTED CASH FLOW BEFORE TAX, MMS

MUPPV -~ MEAN DISCOUNTED CASH FLOW , MMS

STDDEV - STANDARD DEVIATION OF THE MEAN DISCOUNTED CASH FLOW, MMs
PAYOUT - TIME AT WHICH AFTER TAX DISCOUNTED CASH FLOW = 0, YEARS
PLIFE - PROJECT ECONOMIC LIFE, YEARS

ROR - MEAN DCF RATE OF RETURN, PERCENT

cc ~ PRESENT VALUE RATE=(1l.+XINF)*(l.+XDR)-1.

SUMIN - TOTAL INJECTION COST, MM$ (NOT USED)

SUMWC - TOTAL WORKING CAPITAL, PRESENT VALUE (DISCOUNTED), MMS
DNB - PRESENT VALUE OF NET OIL SOLD (DISCOUNTED), MBBL

SVON - CUMULATIVE NET OIL SOLD, MBBL

EFFINV - MEAN INVESTMENT EFFICIENCY = RATIO OF SUM OF POSITIVE
DISCOUNTED CASH FLOWS TO ABSOLUTE VALUE OF SUM OF NEGATIVE
DISCOUNTED CASH FLOWS

6.9 COMMON /ECO/

DATE(50) - DATE (YEAR)

VOSLD(50) -~ ANNUAL VOLUME OF OIL SOLD, MBBL

VONET(50) =~ ANNUAL NET OIL SOLD (LESS ROYALTY), MBBL
AOVH(50) - ANNUAL OVERHEAD, MMS

AOVH1 ~ ANNUAL OVERHEAD ON DRILLING AND COMPLETION, MMS
VGNET(50) - ANNUAL NET GAS SOLD (LESS ROYALTY), MMSCF
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AREVO(50) ANNUAL GROSS OIL REVENUE, MMs

AREVG(50) - ANNUAL GROSS GAS REVENUE, MMS$

ARVWPT(50) - ANNUAL RELEASED OIL REVENUES, MMS

AREV(50) - ANNUAL GROSS REVENUE, MM$

AROY(50) - ANNUAL ROYALTY, MMS

ANET(50) - ANNUAL NET REVENUE (LESS ROYALTY), MMs

ASEV(50) - ANNUAL SEVERANCE TAX, MM$

AWTC(50) - ANNUAL PRODUCED WATER TREATING COST, MMS

AWDC(50) - ANNUAL PRODUCED WATER DISPOSAL COST, MMS$

ACML(50) - ANNUAL COMPRESSOR MAINTENANCE AND LABOR COST, MMS$

ATIN(50) - ANNUAL TECHNICIAN AND INSTRUMENT COST, MMS

AINJ(50) - ANNUAL CHEMICAL PURCHASE COST, MM$ (NOT USED)

AFOC(50) —- ANNUAL FIXED OPERATING COST, MM$

AVOC(50) - ANNUAL VARIABLE OPERATING COST, MMs$

AEDP(50) - ANNUAL ELECTRIC DRIVER OPERATING COST, MM$

ACOST(50) - ANNUAL TOTAL OPERATING COST, MM$

ACAP(50) - ANNUAL INTANGIBLES AND DEPRECIATION, MMS

AWPP(50) - ANNUAL WINDFALL PRICE DIFFERENCE, $/BBL

ANIP(50) - ANNUAL NET INCOME LIMITATION ON WINDFALL PRICE
DIFFERENCE, $/BBL

TXCR(50) - ANNUAL INVESTMENT TAX CREDIT, MM$

DEPS(50) - ANNUAL DEPRECIATION, MMs$

AWCP(50) - ANNUAL WORKING CAPITAL, MMS

AQOR(50) - OIL PRODUCTION RATE, BBL/D

AQGR(50) - GAS PRODUCTION RATE, MSCF/D

AQWR(50) - WATER PRODUCTION RATE, BBL/D

AQIR(50) - AIR INJECTION RATE, MSCF/D

ANOI(50) - ANNUAL NET OPERATING INCOME BEFORE WPT AND FIT, MM$

ASTX(50) - ANNUAL STATE INCOME TAX, MM$

AWPT(50) - ANNUAL WINDFALL PROFITS TAX, MM$

ANTI(50) - ANNUAL NET TAXABLE INCOME, MM$

AFIT(50) ~- ANNUAL FEDERAL INCOME TAX, MM$

ATPR(50) ~- ANNUAL AFTER TAX CASH FLOW , MM$

CFAT(50) - CUMULATIVE CASH FLOW AFTER TAX, MM$

CDAT(50) - CUMULATIVE CASH FLOW AFTER TAX WITH CONSTANT DOLLARS, MM$

DCFAT(50) - CUMULATIVE DISCOUNTED CASH FLOW AFTER TAX, MMS

PVDF(50) - PRESENT VALUE FACTOR=1./(1.+CC)**(I-1)

CNOI(50) - CUMULATIVE NET OPERATING INCOME, MM$

CFBT(50) - CUMULATIVE CASH FLOW BEFORE TAX, MM$

CDBT(50) - CUMULATIVE CASH FLOW BEFORE TAX WITH CONSTANT DOLLARS, MM$

DCFBT(50) - CUMULATIVE DISCOUNTED CASH FLOW BEFORE TAX, MM$

6-8



SECTION 7
ICPM FLOWCHARTS

7.1 LOGIC AND SUBROUTINE MAP

A logic and subroutine map is shown in Figure 7-1, page 7-2. In
Figure 7-1, IERR,.GT.0 indicates an error was found in checking the
input data in subroutine CHEKR, This will happen whenever a zero is
input for reauired data: API(IERR=3), DEPTH(IERR=4), TNET(IERR=5),
PERM(IERR=6) POROS(IERR=7), ARFA(IERR=8), and WELLSP(IERR=9). The
program will print the appropriate error message and terminate when
IERR is positive, eg., if IERR=3, "REQUIRED OIL GRAVITY NOT INPUT"
will be printed.

7.2 TOTALFLOW OUTPUT

On the paaes following page 7-2 is found the output obtained by
passing the ICPM source code through the TOTALFLOW program (written by
H. H. Hyndman, Jr.,-Boeing Computer Services, Wichita, Kansas, 1975).
TOTALFLOW gives the complete detail of program logic.



MAIN

>

TITLE

0 IERR

5

CHEKR

RESV
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OUTR

¢
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VISC

FVF
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INEC

ECFTR

TITLE

CHEKE

SDINT

OUTE

;

Figure 7-1. ICPM Logic Overview and Subroutine Map
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\MAIN PROGRAM /

THIS PBUGRRH IS THE MASTER RACGUTINE WHICH INITIALIZES VARIABLES,
CALLS VRARIOUS SUBAOUTINES. CHECKS SWITCHES AND UPDATES TIME

.

E PROGRRAM 1CPM
£
-
E wwsense INSITU COMBUSTION PREDICTIVE MODEL - ICPM ”
[
C
E DEVELOPED FOR NATIONARL PETROLEUM COUNCIL BY
c »
C SCIENTIFIC SOFTWARRE - INTERCOMP
c 1801 CRLIFOANIR ST, SUITE 400 »
¢ DENVER. COLORADS 80202 “
c 3031 282-1111 L
[ »
C
C
C
C
c
C

wesne UNIT RSSIGNMENTS

i

mt b e e
vx:

‘—Né
| Kot RN ]

¢
CE wemsen ECHO PRINT INPUT DECK )

-

1
101 RERIND [R
1s 0

| -

—
{2 RERD (5. 7204.END~3929) CRRD > T T

9999 WRITE (IW. 3001}
STOP °NORMAL STOP

1F
{ .EC. Q)

| WRITE (JW. 7000 |
j

]l =1+1
WRITE (IW. S204) 1. CRRD

IF
LEQ. XHEND )
10 7020

{ CARD (1)
GO

AB
™ {raas}
2

WRITE (IR, 7204) CAARD
G3 7C 2

PAGE .
MAIN PGM



MAIN

TITLE

INPUT

>

CHEKR
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COEF1

OUTR

coms

VIsSC

FVF

STCDE

SDINT

INEC

ECFTR

TITLE

CHEKE

'SDINT

ECON

OUTE

Figure 7-1. ICPM Logic Overview and Subroutine Map
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AR

\MRIN PROGRRM /

PREGRAM ICPM

wewense INSITU COMBUSTION PREDICTIVE MODEL ~ ICPM
DEVELOPED FOR NATIONAL PETROLEUM COUNCIL BY

SCIENTIFIC SOFTWRRE ~ INTERCOMP
1801 CRLIFORNIR ST, SUITE 400
DENVER, COLORADC 80202

303 292-1111

XEXKX

OO000000O00O0OO000NO00O000

THIS PROGRAM IS THE MASTER ROQUTINE WHICH INITIALIZES VARIRBLES,
(!:ﬂ.LS VRR%OUS SUBROUTINES. CHECKS SWITCHES AND UPDRTES TIME

wwsenn UNST RSSIGNMENTS

el b bamd

FoxE®
MY

L )

wemsm ECHO PRINT INPUT DECK

-

3
101 REWIND IR
f= 0

|-

J—

{2 READ (5. 7204.END=9399) CARD)>

WRITE (IW. 70001 |
|

I =1+1
WRITE (JW. S20u) . CARD

/T o
:

2339 HRITE (IW, 3001}
STOP *NORMAL STOP*

IF
.EQ. XHEND )
TG 7020

( CRRD (1)
GO

WRITE (IR, 7204 CRAD
Gd TC 2

L

Lr-n:a >
0 PAGE
P

PAGE .
MAIN PCM



[7020_REWIND IR |
i

[
CE CRAD 1t mwae RERD TITLE, BEGIN INPUT DATR HERE FOR ERCH CRSE )
i
)

9p
a
]

<{us READ (IR, 300U.END=999S} TITL >

¢

(c uwwsw PRINT HERDING, RELEASE NUMBER. AND TITLE. )

U CALL TITLE (TITUL) |
$

C:
CE waumwee READ CASE INPUT DATR )

—
(g wemws COMPUTE RESERVOIR PERFORMANCE . )
C
(| = WRITE RESERVOIR SUMMART REPORTS )
[
953 CALL OUTR

-3
|\"
n

IF [\
(IECON.LE.OY PAGE
GO 70 101 L/
3
CE wenws COMPUTE DISCOUNTED CASH FLOR AND RATE OF RETURN )
3 A\
 READ (IR, 8004. END=9999} TITL > PAGE
1 i/
9990 CALL INEC (IJ1,PRICEIN.FDC. FEQP FOPA, FUEL FACT
CALL ECON(API.PRICEIN. 0.1. VALUE, 1.. FOC,FEQP,FOPR, FUEL)
{
3
Cg wwmno WRITE ECONOMICS SUMMARY REPORTS )
3
CALL OUTE
GO 78 101
|mca 1 | PAGE 2
AR MAIN PCM



\_SUBROUTINE TITLE(TITL) /

!

Q:

wawom PRINT TITLE )

1

WA
WR{
R

JE (IW. 9000
TE (IW. 9004 TITL

ETURN

90

PAGE
TITLE

13



N\ SUBRGUTINE INPUT
{

Qa0

PERFCRMANCE INPUT DRTA ONLT (ECONOMIC INPUT DATR RERD LATER)

)

| AERD (IR, IRES, IPAT, IWRIT, IECON |

"°

IF
JLIT.LE. 1)

READ ({R.w} DEPTH.PFORM, TFORM

RERD (IR.») TNET, PEAM, POROS

AERD (IR, =} 301,SG!, 3R

RERD (1R.») FPI.V!S0,BOI, BW!

READ (R, =} ARER, WELLSP.ARIN.FHNA. SKEEP, BRNMX

1

G wwsmes CHECK [NPUT ORTR FOR DEFRULTS )

{
{ CALL CHEKR KAS) |

i
(c wenie PRINT FORMATION INPUT )

1

110 WRITE (I
JERR =
RETURN

51‘.93-1‘41 IERR

PRGE
INPUT



'\ SUBRBUTINE CHEXR KRSi

C

o

i
wwwwn DEFRULT CHECKING - FORMATION. AND CRSE DRTR
3
ERROR = 99999.9939%
UNJT = 1000.
1

(c wwsms CHECK API GRAVITY )

IF
(AP .NE. 0.0
GO 70 100

100 Sgg = 141 S/ @P! + 131.5)
SGC = 0 8

;;

G s CHECK DEPTH )

!;\\\\\\\‘~\\
(DEPTH .G7. 0.0

Go 78 150

DEPTH = ERAOR
ERR = 4
WRITE (IW.9101)

I

(¢

meww CHECK FOR INITIRL TEMPERATURE AND PRESSURE )

1

150 TGRG = 70.0

If
(TFUHH Ga 0.0

0175

i

GGRAD=0.011
TFORM = TGRG + DEPTHwGGRAD

1

(C

wwewe ASSUME PRRTIALLY DEPLETED RESERVOIR )

-

1
(175 PGRAD = 6.433 / 2.0

[PRGE 2 l
SR

PRGE

1



PRGE 1

IF
FORM .LE. 0.0

| PFORM = 14.7 + DEPTH#PGRAD |
i

N woemosne CHECK NET PAY THICKNESS )

TNET = ERRCR
JERR = §
ARITE (IH.201)

T

(&

cm.cu.me AND CHECK MAXIMUM mﬂm THICKNESS AND Nuuaeav

BURN ZONES IN THE RESERVO

Go 16 3001

| BANMX = 150.0]
]

XZONE = TNET/BANMX
NZONE = XZONE

IF
{ NZONE .LT. XZONE }

NZONE = NZONE + 1 |

TNET = TNET / XZONE

IF
(PERM .NE. 0.0)

D
(%]

G0 TC 400

G

wamaww CHECK FORMATION PERMERBILITY )

i
PERM = ERROR

JEAR = §
WRITE (IW,301)

PAGE 3
A8

PRGE 2

R
w
8



G weww CHECK FORMATION POROSITY )
|

8¢
PRGE
2

400 If
PORCS .GT. 0.00
GO 70 S00

POROS =7ERRDR

s
WRITE (1K, SUO1)

{
G wwumw CHECK DEVELOPED ARER )
J

GO TO 0

ARER = EAROR

1ERR = 8

RRITE {1W.9501)
T

(€ wwwww CHECK NUMBER OF .PRODUCING WELLS )
—

WELLSP = 1

1EAR = 9

WAITE (JW, 95011
!

G

wwwew CALCULATE DEFAULT VALUES FOR VIS100 AND VIS210)
{

900 RS = 100.

VIS100 = BB(1) » API + BB(2) + (( (BB(B)/RP! ¢ BBI(Si)/AP!

1 + BBAD)/AP! +» BB(3))/ AP!

vViS100 = EXP_( VISi00 )

V1S210 = BB(7 w AP! + BB(B) + (({ (BB(12)/RP! + BB(11))/AP!
i + BB(101) /AP + BBI(S)}/RP]

Vi SSDEXP {Vis2101

PRGE_ 4
At

]
D
(2]

e



970 VISI00 = 10.ww (8.35928 - .37539 » AP)
= V15210 = 10.ww (3.15424 ~ 11862 » APD)
ls;nce} 4

930 CONTINUE
i

(¢ wwwnn GET VISCOSITIES )

IF
vise .LE. 0.0)

[
{_CALL VISC (PFORM.TFORM.VISD.VISA) |
]

(c wwnnu GET FORMATION VOLUME FRCTORS )

L CALL FYF (TFORM,PFORM. BOJS. BWIS) |

B0J = BOIS

BW] = BWIS

G wwwow SET UP INITIRL SATURATIONS )

{ SWI = 1. - sg1}
J

{ S0f = 1. - SW] - SGI|
I

C swwsn CALCULATE TOTAL INITIAL OIL IN PLAGE (ﬂSTB))
€ AND TOTAL PORE VOLUME (M. RESV.BBLS.)

1
TVP = 4356Q0. = AAEA = TNET = PORAS / 5.614 / UNIT / UNIT
;UTOI{'} = TVP = 501 7 BOJ

PRGE 4



\\_SUBROUTINE OUTY /
|

C:
C wwaeew THIS SUBROUTINE OUTPUTS THE CRSE CONTROL AND RESERVOIR
E INPUT DRTR
C wunwn WRITE CRSE CONTROLS
i
WRITE (IW, 9300
WRITE (1W,9305) IRES, IPAT. IWRIT, [ECON

i

(c wwwwss WRITE FORMRTION PROPERTIES AND INITIAL CONDITIONS )

i
WRITE (IW, 9340)
WRITE (IW,.9350) DEPTH.PFORM, TFORM
WRITE (IW.9360) TNETORG.TNET.PERM,PORDS

B!

(c wwwwn WAITE INITIAL CONDITIONS )

!
WRITE (I, SUOD)
WRITE (W, S40S) S0!.SGI,.SWl.API.
i VISU BOI, BAl

ONE aNZONE
WRITE (IW, 94100 ARER, WELLSP, ARIN, SWEEP, TOTOIL, TVP |
RETURN

XZONE

PAGE
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"\ SUBROUTINE RESV /

€
c
C

wussw CRLCULATE RESERVOIR PERFORMANCE

i

CaLL CDEFI
1 SWEEP, AR

(IHES WELLSP, RRERA, TNET. PERM, VISO, PFORM,
PINJ, ARERP, WELLS!, FHWA)

1F
(ARIN .GT. 0.00

ARINJ = ARIN

CALL COMB
AETURN

PAGE
RESY
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SUBRGUTINE COEFL (IRES. WELLSP, QREA, TNET. PERM, VISO, PRES,
1 SWEEP, ARINJ, PINJ, QREQP. WELLS!, FWR)

i

weense CALC INPUT PRRAMETERS FOR INSITU COMBUSTION
wenww CRLC NUMBER OF INJECTOARS

| WELLS! = WELLSP/2.0 |
i
G wwsne CRLC PRTTERN ARER )
i

AREAP = ARER / WELLS!
PATVOL = AREAP = TNET

1F
PATVOL .LT. 200.)

PATVOL = 200.
]

t AREAP = PATVOL / TNET |

! WELLS! = ARES/RREAP |
i

| IWELLS = IFIX(WELLSD |

i
(C wwwww DETERMINE IF WET COMBUSTION (FWR.L1.0 FOR DEFRULT) )

IF
(FWR.GE. 0.0
GO T8 10

1F
PERM.GE. 100, .AND. VISD.GE.10.)

l

c womwn CALC QIR REQUIREMENT: MSCF/FT3 ﬂESVﬁ)
C wamsene GARON/WYGOL DRTAR
=

[10° AR = 0.073 = ALOGIO(VISD) * 0.20 - 0.i00 = FWA |

!

@ wewws CALC SWEEP BRSED ON PRTTERN ARER )

5
n2n
Bw
)

I SWEEP = 0.40[

PRGE, 2 PAGE 1
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IF
(AREAP.LT.20.}

SWEEP = 0.50

IF
(AREAP.LT.S5.0)

SHEEP = Q.60
|

(C --' CFILC AIR INJECTION RATE BRSED ON )

A5 C 0 PCNT BURNED OVER 10 YERR LIFE
PAGE
i 1

10.0
43560. » PATVOL w SWEEP w AR /365./PLIFE
1

20 PLIFE
RRINJ

1
G wumen MODIFIED RADIAL FLOW )

i

PINJ = (ARINJ = ALOG (626.%AREAPwmQ,Si / (2.2w10,ww (-5, 0-FRA)
1w PERM w» TNET) ¢ PRES = PRES) wwQ,S

IF
INJ .LT. PRES)

| PINJ = PRES + 200. |
]

COEF1



SUBROUTINE COMB

i

wunnn PREDICT COMBUSTION PERFCRMANCE
wammee BRIGHAM, SATMAN, AND SOLIMAN (UPT - DEC. 18801

[plnlplnln]

wawnn PRATTERN HORSEPUWER

i
XXL = DEPTH + 1500.
POP = 1.2 w (1.81E-CuXXLwARININARING + PINJWPINJ) ww 0.5
HPP = ARINJ/UNIT = 48.13 w PDP=m(, 25

i

0000

wemeen CALC BRIGHAM CCRRELATION CONSTANTS
Cl = DIMENSIONLESS
C2 = INVERSE BBLS
0JP = OIL IN PLACE AT START. MSTB
woewaw OXYGEN UTILIZATION OF 95« IS ASSUMED FOR C2 CALC

i

Cl = 0.427 » S8) - 0.00135 »_TNET + 2.196/VISOuw0, 25
€2 = 0,95/ ((ARERP » TNET w 7755./B0I) =_(1,.-PORGS})
QIP 2 7758, » PORGS » SOl » AREAP = TNET
& / BOS / UNIT )

wwwwn CORRELATION = NPC

wweww QILBF = FINAL OJL BURNED: STB/RCRE-FT

waswe AR = AIR REDUIREMENT: MSCF/FT3 RESV

wwwwn QFR = RJR / FUEL RATIO: MSCF/STB OIL BURNED

!

OJLBF = US.20 = RLOCIO(VISD) + 125.0 - 82.25 w» FWA
AR = 0,073 = ALOGIO(VISO) + 0.20 - 0.100 = FWR
RFR = 70,0 .

i)

(€ wwwww MAIN LOCP FOR INJECTION AND PRODUCTION CALC)
|

~{ D3 100 | = 2,200

| TIME() = TIME(I-1) » OT|

}
c wuwow CHECK FOR EARLY TIME FILL-UP )

RINJ = ARINJ

{ AINJ = RRINJWTIME (]) /TOPK |
j

G mwumsi CALC CUM INJECTED )
{

CUMIR(]) = CUMIR(I-1] + RINJ » DT = 365.25 / UNIT
CUMIW (I} = CUMIR(]-1} + 0.5 w FRA = RINJ » DT ~ 365.25 / UNIT
CUMRRW (1) = CUMIAR (1) + CUMIR(])

(€ wwswww CALC OIL BURNED THIS STEP )

| CUMOB (I3 = CUMIR(]) / RFR|

PRGZ
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INCREMENTAL BURNED VOLUME.

1

= CUMIR (D) = UNIT / AR / (TNET w AREAP w Y3580.)
VB 2 [CUMIR(D) - CUMIR(I-i)) » UNIT / AR / Y3580,

I

(c wmwsww VS = BURNED VCLUME. FRRCTION OF PATTERN vauuf)
wenun VB = ACRE-F

TION E OLATED_T8 100 PCNT RECOV
m RSSUHE NU INITIRL GRS SATURRTION

c wamsn CALC OIL PRUDUCT!ON USING FIT TO_BRIGHAMS ZND GRAPH
E weemsens CORRELATI XTRAP!
C = RESIDURL WRTER SRTURATION RAFTER BURN

i
SWR = 0,20
XSCliCZ'ICUHRHU)lUNIT
L5811 w X,

DUMMY =
CUHO!L(D = 0JP » (.84 » RTAN (DUMMTY - CUMGB (D

i
c wawwn GRS PRODUCED = QJH INJECTED - GAS IN BURN VULUHEU
C wwnmw ASSUMES 800 DEG.R FOR BURN VOLUME ST PINJ

i

StI) = CUMGARS (I-1) r (0.93 = AINJ w DT w 385.25
l - (1 ~SWAWFWR] .w 1,93 x VB w PINJ w PUBUS) /7 UNIT

IF
(CUMGRS (I3 .LT. 0.0

| CUMGAS(D) = G.0]
|

F

(c wwwwse WAT PRODUCED = WAT INJECTED — WATER IN BURN VOLUME )

|
CUMWRT (]) = CUMWAT (J=1) + (FNR w AINJ » DT » 365.2
i v (1. - SWRWFWA - SO!) .» VB w 7758, = POROS / BHI] / UNIT

IF
CUMWAT ({3 .LT. 0.0}

{ CUMWATI(D = 0.0
|

(c mwwwm CRLC RATES AND RECOVERY RT THIS TIME )
4

AIRQ (I} = (CUMIR(N - AIROLD) / (365.25=0T3 = UNIT

WATQ (I} e (CUMIW(I} - WATOLD) / (365.25%DT) = UNIT

PROIL (]} = (CUMOIL () - DILOLD) / (365.25#DT) w UNIT

PRGAS (I} = (CUMGAS (J) - GASOLD) / (3€5.25#DT) w UNIT

PRWAT (1) = (CUMWAT 1) - WAPOLD) / (365.25«0T) w UNIT

RECOV (D) = CUMOIL (I} / OIP

FOSC() = 0.0

]

IF
CUMOIL (11 .GT.0.0)

H
[TFoscin = cumia(y 7 cumMolL () |
]

1

FOSI (1) = PROIL (I} 7 RIRG(D
FRVS {11 = VS
i

(c numun SRVE OLD VALUES )

i

RIROLD = CUMIR(])
CUMIN ()
CuMgJL (D
CUMGAS (1)
CUMWAT (D

Q
—y
=
a
«

whaw

PAGE 2
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o

G wwwww CHECK IF DONE - VOLUME SWEPT (BURNED) )

IF
(VS_.GE. SWEEP)
G0 T8 3000

AC
AGE

100 CONTINUE

QIP = 0IP = FLORT (NZONE)
! = 200

PRGE
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'\ SUBRBUTINE OUTR /
K|

uwmme WRITE RESERVOIR RECOVERY AND PRODUCTION REPORTS

¢

i

UNIT = 1000.0

WRITE (1MW, 9001)

RECO_= RECOV (]

HHITE(IH 9075} PINJ RRINJ. AR, AFR, FHWA,
U SHEEP, PDP. MPP. O0iP, AREAP. RECO

IF
(IARIT.LE.O)
G0 70 300

(¢ wunsn WRITE PRTTERN REPORT )

i

WRITE (IW,9101)
WRITE (1W,9102)

i

~{ DO 150 I=t,{J1 |

RRITE (IW, 91030 1, TIME (1) .PROIL (1), CUMOIL (1) . CUMGRS (]} . CUMWART (1} .
1 CUMIA(I), CUMINII, FOSE (1Y, FRVS (). RECOV (D
1'150 comnuel
(¢ wwswe PRODUCT JON/ INJECTION REPORT )
!
[ WRITE (JW.8001) |
h
900 WRITE (JW.S901)
HRITE ({4, 9902)
4
~{ D0 950 =111
WRITE (IW,9803) [.TIME (1) .PROIL (1) ,PRGAS (11 .PRWAT (1) ,RIRD (I) .
| WATG (1) . CuMeIL (]} .RECOV (1)

950 CONTINUE

PRGE



\\ SUBROUTINE FVF (TEMP,PRES. BO,EW /

z -
<:;E muamsmene ESTIMRTE QIL. GRS AND WRTER FORMATION YOLUME FRCTORS ::)

IF
(RP1.GT.30.00
G2 TO 670

Ci=y E77E-Y
Co=1.751E-5
C3=-1.811E-8
GO 70 630

670 Ci=d.67E~4
C2=1.1€=5
C3=1.337-9

i

TEMP = B0.

[80 = 1.0+CiwRS* (C2+C3wRS) = (TEMP-60.0) w (AP 1/SGGS |

i

(¢ wwwwn B4 IN UNITS OF RES BBLS/STB )

}

BN = 1.0+1,2E-UYu (TEMP-60.0) +1.E~Bw (TEMP-60.01 w=2.0

& -3.33E-6PAES

&

wewsn CALC DENSITIES )

1

RHOIL = 62.4»SG0/B0
RHWAT ;sGZ.Q~SGH/BH

PRGE
FVF
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N\_SUBROUT INE V1SC (PRES. TEMP. vIS0. VIS /

a0nnn

i
wumww THIS SUBROUTINE CALCULRTES THE VISCOSITY oOF
weenee OIL AND WRTER
waseen 031 VISCOSITY CALCULATION AT CONSTANT COMPBSITION
{
TINT=1.0
SLOPE=1.0

NT = 1. -

0. 002
SLOPE = 1.0 - (0,00175 w RS)

V‘I[S = VISi00m (TEHPg‘lOD );ul (1.34SHRLOGC (VIS210/VIS100) 3

IF
RS.GE.100.!}
GO TO 138

]
Im

n

14

v
ml
:Dcn

[23

7

o
D

YINT = BB(13} = RS » BB(I14) + (( (BB(18)/RS « BB(17}) / RS

i + BB(161) / RS + BBI(1S}) / RS
SLOPE = BB(2S) = RS +» BB(26) + BB (2]

I + BB(RI) / RS wu3 + BB(30) / RS w« Y

GO TO w0

/ RS + BB(28) / RS ww 2

PRGE 2
8B
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PRGE i
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138 CONTINUE
TINT = BBl19} « RS + B2 » BB(?H / RS + BB(22) / RS ww 2
1 + BB(23) / RS we 3 +» BR(2Y) /
SLOPE = BB(31) F{S + BB(32) + BB (33) / RS » BB(34l / RS ww 2
1 +BB(3S) / RS ww 3 + BBI(36) / RS ww i

J

1
|140 VISA = YINT w (v]SwwSLOPE) |

(c weo CHECK MINIMUM OIL VISCOSITY OF 0.2 CPS)

300 _IF
VIS0 .LT. 0.2)

ViSe = 0.2

J

(¢ CALCULATE WATER VISCOSITY )

i
TAV = TEMP
VISH = 83(37NwTAV + BB(38) + {( (BB} /TAV + BB 1)) /TRV
1R' BB MOV ) /TAV + BB (391 /TRY -

PAGE
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\_FUNCTION SDINT (XARG.TARG.N.XVAL) /

}
(c mwnwnw SINGLE DIMENSIONAL LINERR INTERPOLATION )

THESIN=1.,

IF
(XARG (1) .GE. XRRG (N) )

THES INa=1.

-

G uwaw SEARCH FOR BOUNDING TABLE VALUES )

DG 10 i=i.N

IF
{ (THESINwWXARG [an S- ls(THESIN‘XVﬂL) }

10 CONTINUE

-
1S SDINT = TARG (N
AETURN

SLOPE = (YARG (N -YARG (J~111 / (XRRG (J) ~XARG (J-1))
gg%g;t‘: YARG (J) - SLOPEw (XARG (J) ~XVAL)

PAGE
SDINT

i



\_SUBROUTINE INEC- (ITIM,®RICEIN,FOC.FEQP.FOPR.FUEL.FACT) /

{

(€ wwwww PRINT TITLE OF ECONOMIC ANALTYSIS )

i
| CALL TITLE(TITL) |

wemmn READ CRSE

INPUT DRTA AND CHECK FOR DEFRULTS

(o)

{

READ (IR, =)

w JDISC. iSO, IDEBT

ISTRTE 1DIST. 1QUT, IFIT, IDAT,NCT.NCI,

1

IF X
I

RERD (IR, %} PCTDBT. DBTINT.NYRRPY,NYPR]D |

]

READ (IR, =} CCOST. GIRT. WIRT, CTACR., DCE, PLANT
READ (IR. %) WOCOST, HTCUST dDCiJS- COSTML.COSTT!
READ (IR.») WCAP.COSTAT.

RESD (IR, ) WPP1, WPP2. ﬂP"B WPPY

READ (JR.w) XDR.XINF.XROY,XSEV,XFIT.XTCR, DTIH XSTX
READ (IR, =) XWPT,WPHO, EPHO, BT IM. BPOR

READ (IR.w) 8ILB, @JLC. DECL

| READ(JR.x) ivOS(I),

1=1.M |

1_ESCCT.Escel,

HERD(IH u) ESCPG .ESCFO ESCED,

RERD (IR, =) (PRII(I) I=1 .M

R.»} POL (1) .POM(1) .POH (1}

R.w) FOCL {1}.FOCM (i) .FOCH (1)
R.wl OPCL (1) .OPCM{1} .OPCH (1}
R.») EDPL (1) ,EDPM (1) ,EDPH (1}

DO U0 Jj=1.NCT

é——{uo READ (JR.w) ICT.CTPL (JCT),CTPM(ICTY.CTPH(ICT) |

i

DO 4S I1=1,NC!

{
g;—{us READ {JR. =) ICI,CIPL (ICI).CIPM(ICI).CIPH(ICT) |
i

S0 CONTINUE

IPHGE 2 l
AR
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G wwssen COMPUTE ANNUAL PATTERAN VOLUMES )

D0 100 I=1.M

YA = |

CO = SDINT (TIME.CUMOIL. !TIM YR
CG = SDINT (TIME.CUMGAS. ITIM. TR)
Ci = SDINT (TIME,CUMNWAT, ITIM, TR)
Cl = SDINT (TIME.CUMIR, ITIM,TR)
CH = SDINT (TIME.CUMIN, ITIM.YRI

(c mesen ANNUAL PRODUCTION VOLUMES. MB/YR/PRTTERN )

}
voP (1) = CO-COS
VGP (1) = CG-CGS
VWP (1) = CiW-CHS

]

(c uwawn ANNURL INJECTION VOLUME. MMSCF/YR/PRTTERN )

i
viP(]) = CI-CIS
YHP (1) = CH=CHS
{
c wumwwe ANNUAL COMPRESSOR HORSEPOWER. KW-HR - PRTTERN )

1
DEFF =
OFP (172" HPPW365. w2 . /DEFF»0. 746
CHS = CH
€os = C0
£G5S = Co
cH

=
‘1]100 Cls = C!l

(¢ wawne CHECK FOR DEFARULT VALUES )
|

| PRICEIN = POM (1} |

IF
(PRICEIN .LE. 0.0

| PRICEIN = 30,00 ]
]

i

CALL ECFTR (PRICEIN.FDC,FEQP, FOPR, FUEL.FACT)
CALL CMEKE (JTIM.NCT.NCI,DEPTH.SRERP.AP]}
i

(c st WRITE CRSE CONDITIONS )

i
WRITE (IW, 9350}
CALL STCDE (JST, ISTATE)
WSUM = WPP1 » WPP2 + WPP3 + WPPY

el

IF
WSUM_.EQ. 0
G0 TO 9012

{ i

WRITE (W, 9351} M,JST, IDIST IFIT,101SC. 1DEP,
1150, DEPTH. WPP1, WPP2, WPP3. iPPY
GO 70 9013

[?nca.3 l PRGE 2
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012 C TINUE
ﬂF'l gEﬁI .93519 M, JST,!IDIST,!IFIT, IDISC. IDEP,

1
ch \ 1 IS :
ZRC: -1

9013 CONTINUE
ARITE (IW, 935101 -
1 CCOST,GiRT, HTRT CTRCR. DCE.PLANT,
i WCAP,COSTRT,UNCD

WRITE {IH.93511) l
! |

IF
(IDEBT .NE. Q) 1
/L WRITE (1W.93512) PCTDA1.DBTINT.NYRRPY.NIPAID |

|

RRITE (JW,9352) XDR,XINF,XROY,XSEV.XFI1T.XTCR.XSTX.
| XWPT,WPHO. B1IM. BPOW, ESCPO. ESCFO. ESCED

IF
(JDEP .EQ. O

| WRITE (IW,93531 DTIM|
J

1
1 WRITE (JW,9354) |
]

(c soemns WRITE MOST LIKELY VALUES )
!

WRITE (IR, SUSO)

POL (1}, POM (1), POH (1)

FOCL (1) wFOPR, FOCM ll)nFOPﬁ FOCH (1) wFOPR,

OPCL (1) »FOPR, OPCM (1) wFOPR, OPCH (1) »FOPR,

EDPL (1) wFOPR, EDPM (1) »FGPR, EDPH (1) wFOPR,

WE (1) »FOPR, WTC (1) #FOPR, WDC (1) »FOPR. CML (1) #F0PR.CT! (1) »FOPR

=|x D0 470 J-l.MYRI

i
{_ROVH(J) = AOVH (S} + S0VHI w FOC » PAT] () ]

oaUuE~—

ﬁlwo CONTINUE l

IF
INCT .2Q. 0
GO0 T0 4701

| WRITE (IW.y702! |

DO 4710 =1.NCT |

i
[_WRITE (IH.4703) I.CTPL (I).CTPM(I),.CTPH(I) |

-{ﬂ?lﬂ CONTINUE I

i

IIUGI CUNTINUE]
PAGE_ 4 PAGE 3
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iF
INC! .EQ. 0)
GO 70 4801

§
| WRITE (fW.u802) |

{
DO 4810 {=i.NC!|

4
[ WRITE (IW,4803) I.CIPL(IY.CIPM(I).CIPH (I |

~~ 4810 CONTINUE

i

4801 _CONTINUE
|

(¢ wnsn ESTIMATE INDIVIDURL PRTTERN LIFE. LPRT )

[ LPAT = 0]

00 430 J=1 MYR

g

(c ESTIMATE DIRECT REVENUES. M5 )
i

[ REV = (POM(1) = VOP () = (1. - XROY) w (1. - XSEV) |

} .

G

ESTIMATE DIRECT COSTS INCLUDING OVERMERD OF 20X. M$ )

i

COST = 1.2 » (WTC (1) VWP )} wFOPR

1+ EDPM (1) »QMP () wFOPR/UNIT + OPCM (1) =VOP ()}

2 ¢ CML (1) = CTI (1)) wVIP (J) wFOPR

3 + FOCM (1) »FEPR/UNIT + WOCOST=FOPR/UNIT) + ROVHIwFDC

LPAT = J
F——
{490 CONTINUE

s CALCULATE PROJECT PERFORMANCE FROM PRTTERN DATA )

i

FOCPL = FOCL (1)
FOCPM = FOCM (1)
FOCPH = FOCH (1)
WHO = WO (1

R

na {=)=T=T=1

~={ D0 S50 J = i. MYR|

i
SUMP = PRTI ()
K=0

=
LYR = J + LPAT - 1

LYR = MR
PO—

~{ D0 500 | = J. LYR]

3

PRGE U
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AGE

K = K+y

VOL (D) = VOL (]} + VOP ) wSUMP w (1. - UNCO)
VOM (I} = VOM(I) + VOP (K) wSUMP

VOH(I} = VOH({I) + VOP(K)wSUMP » (1, + UNCO)
VOM (I} = VGM (]} + VGP (K} wSUMP

VWM (I} = VWM (]} + VWP (K) wSUMP

VIM(IY = VIM(]) + VIP (K] »SUMP

QUM (I1 = QMM ]} + QHP (K) wSUMP

VHM (I} = VHM{]] + VHP (K] xSUMP

FOCL (J) = FOCL (1) + FOCPLmSUMP

FOCM(]) = FOCM (]l + FOCPMwSUMP

FOCH (1) = FOCH (I} + FOCPHmSUMP

WO (1) = WO (]} + WOCOSTwSUMP

]

(¢

wwswe DETERMINE PROJECT TANGIBLE AND JNTANGIBLE CAPITAL COST )

i

CIPL (K) »SUMPwFDC/FEQP
CTPM (K) mSUMPwFDC/FEQP
CTPH (K} wSUMPwF OC/FEQP
CIPL (K] wSUMPwFDC/FEQP
CIPM (K} wSUMPwFDC/FERP

i

~{S00 CICH(D = CICH]) + CIPH (K) wSUMPwFDC/FECP |

CTCL (D)

(2]

-

Q

T

-
Srag Sy st oy S
s v et b
Huwun

(%1

o

x

=

-
T r e

| FocM () = FOCM (D) « 1.0

AMAX = VHM ()

AMRX = VIM (J)
]

| OMAX = vOM () |
}

S50 CONTINUE

(&

MODIFY PROJECT PERFORMANCE IF MULTIPLE ZONES BURNED
SKIP IF ONLY ONE BURN ZONE

IF
(NZONE .LE. 1)
GJO TO 8000

@ CALCULATE NUMBER OF DEVELOPMENT YERRS )

D0 5998 JR = 1.MYR|

£

1t
PAT! (JRY .GT. 1.0E-2)

IDEVT = [DEVT + 1|
|

6298 CONTINUE

PRGE 6
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NSEQ = 1
WOPCT = 0.5
Lo

t
| 7000 NSEQ = NSE@ + 1|

D
(2]

IF
(NSEQ .GT. NZONE}
G0 TQ 8Cac

| LSTRT = IDEVT » INSEQ-1) + 1|

!

F
JUEVT .LE. LPRT)

1
{_LSTRT = (LPAT = (NSEQ - 1)} * 1]

]

i

IF
LSTRT .GT. MYR)
GO0 TO 8000

4

4

~ DO 7800 J2 = LSTRT, MYR|

i
I3 = [2 - LSTRT + 1
s = PRTIUI)

' KTR = 12 + LPAT - 1

i

VOP (K) wSUMP » (1. - UNCD)

V0P () wSUMP

YOP (K) wSUMP w» (1. + UNCO)
SUMP

EEREEEE
3
-
b
=
AR 2R 28 20 % 4
3
=
3
x

VHM (I} + VYHP (K] »SUMP
FOCL (I} = FOCL (I} + FECPLwSUMP
FOCM (1) = FOCM(]) + FOCPMwSUMP
FOCH(J) = FOCH (I} + FOCPHwSUMP
PRTIOX (1) = SuMP
WO (]] = WOI(]) + WOCOSTwSUMP

7600 CONTINUE

[ WO(I2) = W312) + WOPCT » DCE w SUMP w 3.0 w DEPTH|

=ll 7800 CONTINUE l

GO 70 7000
]

PRGE 6
INEC



IBOOD CONT INUE I
4
G muwsn CAPITAL FOR WATER RECYCLING AND OIL TRERTING FACILITIES )

t

CAPH = WIRT = WMRX / 36S.
CAPG = GTRT = RAMAX / 365.
PLANT = OMAX / 3€S.
CAPH + CAPG ¢ CARPP
CAP = CRPT = UNIT

(8]
D
a ')
-
K]

IF
INCT .NE. @)
G0 TO S60

CICL (1) = CTCL(1) + CAP = 0.8
CICM(1) = CTCM(1) +.CAP = 1.0
CICH (1} = CTCHQ) + CAP = 1.2
[
560 CONTINUE

(c swmwwn COMPRESSOR CRPITAL COST AND WATER DISPOSAL VOLUME )

DO 600 Is1.MYR

{ VOM{I) = VWMD) =VHM (D) |

DMAX = VDM (1)

F

QIR (I = VXHU)-UMT/3S
GHP = QMM (1) /365. /21, «DEFF/0., 746
GENC (I} = 0.0

IF
(RHP .LT. HPMRX)
GO T0 800

GENC (11 a (RHP-HPMRX) »CCOST
HPMAX = AHP

|

500 CONTINUE

i
(¢ CALCULATE RELEASED CIL FROM SECONDRRY OIL RATE AND STATUTOAY DECLIN )

{
| FACTOR = 1.0 - .12 = (BTIM - 1879, |

Pﬁur. 8 PRCEZ 7
aH INEC



IF
ACTOR .LT. 0.0}

FACTOR = 0.0

F
.10

FACTOR = 1.0

(¢ OJLC !S BRSC RATE AT BEGINNING OF PROJECT RDJUSTED FROM BRSE RATE )

i
] 0ILC = OILB = FACTOR |

‘ B
G 0JLD DEFINED RS SNNUAL REDUCTION IN BASE RATE ONCE PROJECT BEGINS )

{
{ OJLD = OJLB v 12.  0.025 |

(C  CORRECT OILC FOR MID-YEAR VALUE )

{
] OILC = OILC + OILD / 2. |

(C " CRLCUALTE OIL VOLUME RELEASED, (OILR,EBELS) )

i
DO BUS =1 ,MYR |

| 8ILC = OILC - SILD|

IF
QILC .LE. 0.0

8ILC = 0.0

{ OILAI) = vBSi{l) + vOM(D) - @JLC |

{ BILACI = 0.0
]

BUS CONTINUE

(c wwwsn WRITE PRTTERN/PROJECT SCHMEDULE )

[AK
PRG:
Li0

HRITE (IH.2601)

WRITZ {IW,.9588] LPAT

HRITE (IW.2650)

SUMP = 0.

——— v ~{ D0 650 1=x.nra|
{
| SUMP = SUMP « PRTI (1) + PRTIOX(D) |
PRGE ¢ PAGE 8
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AN

IF
{.G7.LPRT)

[

[SUMP = SUMP - PRTJ (I-LPATI - PATIBX (I-LPAT) |

J

AGE

€SO WRAITE (JW. Q€S 1.VOP (5} . VGP (1) VWP (3, VIP(DD .
L VHP (I} ,PAT] (]i, SUMP

{

G swsane PROJECT PRODUCTION/INJECTION REPORT )

i
WRITE (W, 29011
WRITE (1w, 9602}
HRITE (IN 9660

D@ 660 I=1.MYR

I

8 QHM (1) /365. /24, «DEFF /0., 746

SUMP + PRTI (D) r PRTIOX(])

IF

1

1.51.&
| SUMP = SUMP - PAT] (J-LPAT) - PATIOX (I-LPATI |

€60 WRITE (JW,9661)

i VHM 1), VDM L),

I,SUMP, VOM (I, VOM(]1 VWM (1) . VIM (D),

AHP, vOS(1).0ILR (I}

i

WRITE (IW, 9701)
WRITE (W, 3702
CuMCX = 0.0

TIMX = BTIM - 1.0

".=!' Do 700 1=l.HYHl

i

TIMX = TIMX

QIx. OHX, Cl

gﬂX = VOM ([) »UNIT/385.

GX = VGM (1) xUNIT/36S.
WX = VWM (1] =UNIT/365
QIX = VIM(]) wUNIT/365.

X = VHM (1) »UNIT/36S,

QH

CUMOX = CUMOX + VOM(])

RECOX = CUMOX / TOTOIL / UNIT / FLOAT INZONE)
HR'TE (JW,9703) I, TIMX, QOX, QGX, QWX,

LA

UMOX, RECOX

700 CONTINUE

(€ wwwsw PROJECT CAPITAL SCHEDULE )

{ HSUM = WPP1 + WPP2 + WPP3 « WPPU|

IF
MM EQ.O)
GO T8 8801

i

HRITE (JW.2301)

HRITE (IW,.9740) CINJ,CEQP,CSEC.CNVT,CREP. CAPW,.CAPC,CAPP.CAPT

[}

!

8801 CONT'NUE
ARITE (IW.9751)
WRITE (1K, 8752}

[0
PLHUGE(—

~{ D8 750 §=1.M7R |

PRGE 10
BJ

PRGE
INEC



AHP = QHM (] /365, /2'4 wDEFF /0,746
GENC (13 Z/UN
CtCH(')/UNIT
CICMX = CICM (I} JUN]T
= PATI (N + PATIOGN (N

aln)

oz
%<9
"n

i

750 WRITE {[H,97531 1.CTPMD) ,CIPM(I) , XXPAT,
1_RQIR (). AHP, GENCX.CTCMX.CICMX

J

751 CONTINUE

(c wwmun ESCALATE ERCH VARIABLE )

I}

SUMP = C.0
~{"D0 800 1=1.MVR]

i
VOL (I} = VOL (1) xUNIT
VOH (1) = VOR (1) wUNIT
VOM (D) = VOM (I3 wUNIT
VGM () = VGM(I) UNIT
VWM (1) = VWM (]) «UNJT
VIM(I) = VIM(J)wUNIT
V(D) = VM (1) wONIT
VOM (D) = VDM (]} wUN

SUMP = SUMP + PAT] (I) + PRTIOX (1)

IF
1.GT.LPAT) 1
[ _SUMP = SUMP ~ PRTI (I-LPRT) - PRTIOX {I-LPAT) |

POL tI3 = PCL (1) » (1 +ESCP®) wu (] 1)
POM (1) w (] +ESCPC) e (1-1)
POH (1) % (1 +£3CPO) ww {1-1)
PGL (1) = {{ +ESCPG) wx {]~1)
PGM {1} » (1 +ESCPG) aw (-1}
PGH (1) » {1+ESCPG) wu (I-1)
OPCL (1) w (1 +ESCFO) wx (]~1)
OPCM (1) m (1 +ESCFO) ww {J=1)
OPCH {1} » {1 +ESCF D) awe (J=1)
EDPL (1) m (1 +ESCED) wwe (I~1)
EDPM (1) m (Y +ESCED) ww (1-1)
EDPH (1) m (1 +ESCED) mm (1-1)

i
(c SPLIT GENERRTOR COSTS RS 75X TANGIBLE AND 25X INTANGIBLE )

i

.75 = GENC (1)
.75 = GENC (1)
» GENC (I
i
I
N

2
o
At
S
“
Iuhll“.u"u.

EDP"I (1

{CTCL (I (1. + ESCCT) seme (]
ESCCT) aeme (!
ESCCT) wm (]
ESCCI) weee (]
ESCCI) mme (]
ESCCI) mm {]

8
]
-
—

-
+trre e
~3
wn

EXKEXERK
—
oy

Izs u GENC {
. »

—
-
.

*r e

(o]

—

(2]

Ha

—
PRI tee ety
"M uu

-

(3]

po4

—

—

jans
LI I I A I}
Lot anianand ord
jatatatated

cIeHn
HO (D= (1 'ESCHU] [ied (1 11
BPO (1) = BPB (1) x (1 +ESCEP) wss (]~-1)
F FOCL (1) w (} +ESCFO) wa (1-1)
FOCM (1) m {1 +ESCFO) wm (-1}
FOCH {13 w (1 +ESCFQ) was {]=1)
AOVH (1) w (1 +ESCFO) wm (]~1}
HTC (1) = (1 +ESCFO) mm (l-li
)
)

?:‘

339¢

bl
SSES

RTC U) =

= WOC (1} w (1 +ESCFO) mae (I~
oML (D = CML {1) w (1 +ESCFC) was (-1
CTIU) = CTI (1) m{1+ESCFO) mm (1=1

[ DRTE(D = DATE(I-1) + 1.0}
[ —

‘-J] 800 CONTINUE i

RETURN

PRGE G
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\_SUBROUTINE STCDE (57,15

[ wwaaw GIVEN STATE ALPHA (ST1, COMPUTE STRTE CODE (IST)
[ mwwwn GIVEN STRTE CODE (JST), COMPUTE STATE GLPHA (ST)

{

DATA (STRTE (K) .K= 1. 6 /4H AL.4H RZ.YH AR.YH CA.4H CO.UYH CT/
DRTA (STRTE (K} .K= 7,12) /4H BE.4H DC.4H FL.UH GR.NH JD.4H IL/
DATA (STARTE (K) .K=13,18) /UH IN.4H IR,4H KS.4H KY UH LA, 4H ME/
DRTA (STATE iK) .K=19,24) /74X MD,UH MA,UH MI UH MN, UK MS,uH MO/
DRTA (STATE (K) .K=25.30) /74X MT.UH NE,d4H NV.UH NH.UH NJ, uH NM/
DATA (STATE (K} ,K=31,36} /4H NY,uH NC,4H ND,4H OH.4YH OK,.4H OR/
DRTA (STATE (K) ,K=37,42) /4H PR, 4H RI,4H SC.4H SD.UH TN.4H TX/
DRTA (STATE (K) ,K=43,48) /UH UT,.4YH VT, 4H VA.UH WA.UH WY UH Wi/
UDATA (STRTE (K} . K=dS, 53} /UH WY.UH RK.4H HI.4H PO, UHNGNE /

(IST .LE. O
GO0 TO 100

1
G umuun COMPUTE STRTE CODE )

(€ memae CONPUTE_STATE ALPHA)

i
B0 150 i=1.52

T = STRTE(IST)
GO0 70 998

14
(ST.EQ.STRTE (11}

150 CONTINUE

PAGE
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\_SUBROUTINE CHEXE (ITIM.NCT.NC!, DEPTH.QCRES.QP1) /

i
wwwmn DEFRULT CHECKING ~ ECONOMIC DATA )
UNIT = 1000.
wnwwn DEFAULT QVERALL PRICES FIND COSTS IF MEAN VALUES NOT GIVEN )
swwun OIL PRICE DEFRULY, $/ST

IF
PoM(1) .LE. 0.00)

[ PaM(1 = 30.00]
]

i

[ XPRICEIN = POM (1) |

G USE GRAVITY CORRELATION FOR OJL PRICE )

1
FACTOR = SDINT (APJ1.0JLP1.S,4P)) |
]

IF
(STATE .20, ) !
/ FACTOR = SUINT (RP12.01LP2.6.AP1) |

J

[LPOM (1) = FACTGR w POM (1) |

[_POM{1] = POM(1) - 3.00]
i

POL {1) = POM(1) « 0.8
POMI1) = POM{1) « 1.2

}
(C____ wwwww GRS PRICE DEFAULT. 5/MCF )

IF
(PGM (1) .GT. 0.
GG T8 sz0

2

=
g
T

)

PGM (1) = XPRICEIN / €.00
PGL (1} = PGM (1) Q.3
PGH (1) = POM (1) wi.2

PRCE 2 PAGE 1
AR CHEKE



|

- (C wwwww VRRIABLE OPERATING COST DEFAULT, $/STE OIL PRODUCED )
PAGE '
i
szo~:;\\\\‘\~\\\
(0PCH (1) .GT.0.)
6o T0 530

G

IF
(ESCPO.LE. 0.}

ESCPO = 0.0

ESCPG = 0.0 |

‘ ESCF0 = 0.0

ESCH0 = 0.0
1

[ £5CEP = XINF + 0.02]

PRGE 3 l PR
URLC NSE



(€ CRLCULATE PRBCESS INDEPENDENT COST DEFAULTS )

|

CALL CIND(ISTRTE. ID1ST.DEPTH,WMRX,PGM (1) .CINJ,CEQP, CSEC.CNVT,
& CREP,CDAC, CIWO)

T

——

C DEFRULT WELL COSTS HERE - IF NELL COSTS ARE INCLUDED IN THE PRTTERN
€ _CAPITAL COSTS (NCT & NCI1. INPUT WPP1aWPP2eWPP32WPPUal

C THESE COSTS (IF ANM WILL BE ADDED TO NCT & NCI LAT Eﬁ

C USE NPC CDHREL.RTIUN FOR TOTAL WELL DRILLING, COMPLETION, AND EQUIPMENT
C AND DOE CORRELATION TO FIND TANGIBLE AND INTHNGIBLE SPLIT

DCE = 100.

[ DCE1 = DCE » DEPTH % (WPP1+WPP2) |

.

C IGNORE UPGRADE TO SECONDARY OPERATIONS IF NO PRIMARY HELLS)
C  CONVERTED TG SECONDARY BY WPPY

CRP = (CINJ w WPP1 + (CINJ + CCOP) w WPP2 + CSEC = WPP3 +
& CNVT » WPPY + CREP)
$

(€ WCI IS INTANGIBLE WELL INVESTMENT PER Pﬂﬂm)

i
{ KC] = 0.80 = CAP |

IF
WC! LT, 0.0

WC! = 0.0

(€_HCT IS TANGIBLE WELL INVESTMENT PER PRTTERN )

1
1 WCT = DCE1 - WCI |

IF
MCT .LT. 0.0
nCT = 0.0

C AT E£SCALATION RATES OF CAPITAL, ESCC! AND ESCCT. WITH DEFRULT

o weemeent ESCRLATE THESE COSTS AT 1983 10 PROJECT STRART YERR (BTIM
C TO INFLATION RATE AND PROJECT START IN 1983

XINF = 0.0

PRGE_ 4 PAGE
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IF
(ESCCI .GT. 0.Q)

{ &sc = 1. » ESCC!|
]

{ WC! = WC] w (ESC ww (BTIM - 1883.)) |

IF
{ESCCT .GT. 0.0

| ESC = 1. + ESCCT|

|

I WCT = WCT w (ESC ws (BTIM - 1883..) |

-€ AELL WORKOVER COSTS EQUAL COST TO CONVERT R WELL
C  RSSUME ONE WORKOVER PER PRTTEAN EACH FOUR YESRS

IF
#WOCOST .LE. 0.0

HOCOST = 0.25 = CNVT
J

| WO (1) = uoc037|
{
(¢ wwuwes FIXED OPERATING COST DEFAULT, $/PATTERN/TR )

IF [FF
{FOCM (1) .GT.0.) PG
GO 10 <20 S

FOCL (1) = 18000.
FOCM (1) = 20000.
FOCH (1) = 22000.

[PRG‘_ S PAGE 4
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AGE_ 4
&3

|

wenee CAPJTAL COST )
wunwu COMPRESSOR COST - $1000/MP
_d

00

720 IF
(CCOST.LE.O.)

CCOST = 1000.
j

(¢ mwnm NASTE GAS TREATMENT - $SO/MCF/D )

IF
GTRT .LE. O.

(T wewuw PROD WATER TRERTMENT - $75/BBL/D )

(T wemmm CENTRAL PLANT FACILITIES - $500/8/D )

PLANT = S00.

[+ uemen RIR DISTRIBUTION. VAPOR RECOVERY LINES. AND
C SURFACE PRODUCTION - DEFAULT = 26500 $/RCRE

CTACR = 26500. |
. ]

IF
CTPM (1) .GT.0.)
GO 70 730

CTPL (1} = (WCT + CTRCR » ACRES) = 0.8

CTPM{1) = (4CT + CTACR w ACRES) w 1.0

CTPH(1} = (WCT ¢ CTACR « ACAES) w 1.2
[

730 IF
(CI1PM 1) ,GT.00)
GO T0 740

CIPL (1) = WCI
CIPM (1) = WCI
CIPH(1} = WC]

——C3
nooe

7U0 CONTINUE

PRGE 6
8G
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IPHGE H] l
SG

(C INITIALIZE OVERHERD ON D&C*E T0 34 OF WELL COST (W{TH 24 ADDED
¢ LATER) ONLY FOR FIRST YERR OF EQCH PATTERN

[ RovHl = .03 « (CTPM1) + CIPM{1}) / UNIT 7 UNIT|

}

(c wwwus OTHER DEFQULT VALUES )

v

-~
D

‘ nII
[il]

PRGE &

ruasoe



ATCOST = 0.125 |
. ]

iF
(MDCeST .LE. 0.0)
‘ ADCOST = 0.10|

]
1F
COSTML .LE. 0.0)
COSTML = 0.03
‘ I

COSTT! = 0,04
J

a‘
@ XSEV=0.0

XROY = 0.0

UNCC=9. 001

XTCR=J.0

PRGE
CHEKE

B
el
=M

o



WCRP = 0.0

BTIM = 196S.

WPHO=1831.

EPHO = 1993.

1

IF
(BPOW .LE. 0 )
| B8POW = 23.07 » (1.

+ XINF ) wx (BTIM -1883) |

J

BPOW

x
[=]
(2]
-
—
[ B TR T ]

WTCOST
WDCOST
COSTML

1) = COSTT!
DRTE (1) = BTIM

i

(&

DEFINE DEPRECIRTION STHEME: ;;

DT
0T

M=
M >

Q.
Q.

ACAS SCHEDULE
STRAIGHT LINE

PARGE
CHEKE

8



DTIM = 5.0

©

wwwew DERT DEFRULTS. NOT USED UMLESS IDEBT = 1)

. IF
PCTOBT .LE.

PCTDET = 20.0

DBTINT = 15.0

NYRRPY = 1.0

NYPRID = 5.0

]

CALCULATE SECONDARY OIL PHODUCTIUNU¥HTE (Vv0S. MB/TR) IF IS0 NOT 1.

[
(;; AND DEFRULT DECLC TO 1SZ IF NOT INPI

)

IF
(DECL. LE. 0.0

o]
Py
|°sn

04
Qr-

=

PRCE ¢
CHEKE



PRCE 2
aK

[ DEFAULT_CURRENT SECONDRRY PRODUCTION RATE 10 BRSE PRODUCTION BRTE#)
C USING CURRENT DECLINE RRTE

AL
PRGE o
S
ayo IF
gILC .LE. 0.0) y
[ToILC = OILB w (1. - DECL) ww (BTIM - 19737 |
i
(T wwwnw CALCULATE SECONDARY OIL PRODUCTION RATE, v05 )
DO 860 J=1.MYR
t
- 860 VOS () = OJLC w (1. ~ DECL) ww (FLOAT {]) - 0.51]
PARGE i

$
S00 CONTINUE
RETURN

&

PAGE 1iD
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SUBRUUTIN CIND(ISTATE. I1DIST, DEPTH, RHT:.’BGHS
& CINJ,CEQP,CSEC. CNVT, CREP, CDAG, C WO

C

[nlzlnln]

THIS SUBROUTINE DEFINES THE PROCESS INDEPENDENT COST PRRAMETER
DEFRULT VALUES. THESE COSTS INCLUDE:

)

%-n
D

PAGE
CIND

i

lm'.'
D
@



a8

Pace 1

G 70 (80
el
50,
qa ™\ Fga\
50.
70 rﬂ\ /T T
70.
0.
80, N
50, M
56
50' N /T ; ‘q"'"
\3_J
20 G ROCKIES )
. SO CINJ = DEPTH w (95.54 - 3.355E-2%DEPTH + 6. 3E-3nDEPTHww1.2)
0 A G0 70 150
< %0
30, ™ SGe
C R8CKIES
70, >—/] T A
80, >~ S0 CEQP = 15615 + 18.2418w0EPTH
CSEC = 11775 + 22,901wdEPTH
0. CNVT = 6240 + 6, [03wJEPTH
CREP = 23845 + Q.70S7wDEPTH + 7.225UE-SwOEPTHww2.
70 4 ~ 2.6723E-InDEP THwn3,
. CDAG = 19US3 + 4.38UwdEPTH
G0 70 200 -
70. | 7TV PHSGGE
70, 2
70.
50, TN bate
$ 3
2. (c GULF CORST )
Jt\ AP
]
: 60 CINJ = QEPTH » (32.25 *+ 4.S2SE-3mDEPTH + 2.255E-10wDEP THuw2, 5)
0 G3 T8 100
- | T —
4a, N i M mi;(:s
", G PRCIFIC CORST )
70 l LN —pie
= UQ CINJ = DEPTH » (77.08 *+ 4.Z88E-3wDEPTH + |, S01E~10w0E THW=2. 8) g
a0 G3 70 140
al
™\ 1 —
70. T gabl
0. (< NERTHEAST )
™\ fi\ /N
s0. 70 CINJ = DEPTH » i33.522 + 1.17SE~3%0EPTH + L.SO2E-3wDEPTHw=2. 4}
- CO 78 130
|,
10, it
! 3
40. C MID-CONTINENT— )
a, 30 CINJ = DEPTH » (34.483 ¢ 2.4725-3wJEPTH * 2.339E-1CwIEPTH=2 . 3)
7 G3 19 130
: [
A




Ny )
(2151
m

D
Q

RGE
2

N

o .Dl
D
oX
n

s

b o]
o

vy
N
0
m

o
:n,El

C
m

n

D
-

0
n-n
(2]
m

D
—

]
"\’:n
(%]
m

\'d
»nd
"

"

v
n
3]
il

s
'c
r

(e PERMIAN BASIN )
“{

D
x

)9
D
(%3
o

I

20 JF
(IDIST .LT. 70 .AND. ISTATE .EQ. 42
G0 T0 80

0
oD
l :nml

IfF
(IDIST .EQ. 100}
GO0 T0 30

{ CINJ = DEPTH « (41.583 * 4.Y3SE-YwDEPTH + 2,S3E-10wDEPTHux2,G) |

1
8o

IF
(ISTRTE .EQ. 30 .OND. IDIST .
GO 70 1S0

@ PRGE 3
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n
x

U
)
?

17
(ISTATE .EQ. 42 .AND. IDIST .EQ. SO)
Go'T0 130

GO 70 120

(¢ PERMIAN BASIN )

1

120 CEQP = 1S1US + 18.0632=DEPTH
CSEC = 1UB30 + 22.486xDEPTH
CNVT = SYE3 + 5, 979«DEPTH
CREP = 190U7 - .B017«DEPTH + 3.2082E-UxDEPTHwe2,
& -1.1396E-8nDEPTHww3,
CDAQ = 15UUD + Y. 159%DEPTH
GO 70 200

m:['
' 2

PAGE
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(c OFFSHORE )

80 CINJ = 4S84S2 - $6.3271#DEPTH + . Q30U3mDEP THwm2.
GO 70 180

c OFFSHORE )
|

180 CEQP = Q.
RATE = 5.0
CSEC = 650000 + 230000=RATE - 2800«RATEwN2.
CNVT = 171366 + 21.825#0EPTH

CREP = Q.

CORC = 169000

PRGAS = 4.0

CIWO = U0200«RATE « BCBOwRATE«PRGRS

1
200 CONTINUE
RETURN

PRGE
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IF
(ISTRTE .EQ. 42 .SND._IDIST .LE. 4O
GO 10 170

1€
(ISTRTE .EQ. i7 .6ND. IDIST .EQ. 2}
GO0 T8 110

v

1
s
cgr

UN
LEQ. 9
0 110

100
(ISTRTE
GoT

GO T8 130

AM
PSGE
§r

(c

MID-CONTINENT AND NORTHERSTERN )

1

Fi

5D
10

rom
[

h»
Jgr"—"

130 CEQP =
CSEC
CNVT =

11455 « 18.8818xDEPTH
11330 + 22.037«DEPTH
80Si * 5.688«DEPTH

CREP = 1EESE + 1.52U2wDEPTH ¢ 7.421UE-5«DEPTHwu2,
¢ -4 9E619E-GwDEPTHmw3,

CDAD = 13205 + 5.222=DEPTH
GJ 70 200

PRGE S
[: AQ :]

Page
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G ERSTERN GULF CORST )

J

110 CEQP = 12585 * 21.082S=)EPTH
CSEC = 12460 + 24.23umDEPTH
6280 + 5.95#DEPTH
CREP = 16816 ¢ S.79U7wDEPTH - 3.7218E-UuDEPTHwu2,
& ¢ B8.0871E-9%DEPTHww3,
CDRO = 21570 + S5.S597wDEPTH
GO TO 200

[

PRGE
CIND
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(C__PRCIFIC CORST)

1

140 CEQP =
SEC = 17u80 + 33.467wDEPTH
CNVT = 8924 + 6.051%DEPTH
CREP = 31961 » 3.0715«DEPTH - 1.020UE-UmDEP THwa2,
& - Y YS3I3E-11wDEPTHwu3,
COA0 = 13068 + S.062wDEPTH
G0 70 200

176835 + 29.0925«DEPTH

]
Py

36

B

PAGE
CIND

[.I.

8



PRAGE &
5P

(c NESTERN GULF CORST )

1

170 CEQP = 11755 + 18.4718wDEPTH
CSEC = 11645 + 22.653wDEPTH
CNVT = 5672 + S.921«DEPTH
EP = 16143 » U SE61wDEPTH - 2.1S30E-UmDEPTHMs2,

CREP =

¢ v 2.6401E-9wDEPTHwa3,
CDRY = 194USE + S.4SIDEPTH
GO 70 200

L

PRGE
CIND

9

)
. 11
do

(%3
™

w



SUBROUTINE :CFTR ("’RJCr FDC. FEQP,
& FOPR, FUEL,

FACTORS USED DUE TG CHANGES IN THE O.IL PRICE. 8 BRSE

6
E THIS_SUBROUTINE CRLCULATES THE YARIATION IN THE COST )
C 0IL PRICE OF $30/5TB INOMINARL) IS USED

i
| FACT = (PRICE - 30.) s 30. |

IF,
ISTATE .EQ. S3)

= 3.0

FOC = 1. + (0.4 = FRCT)

FEQP = 1. ¢ (0.3 = FACT)
FOPR = 1. + (0.2 » FRCT)
FUEL = 1. ¢ (1.0 = FARCT)
FACT = {. + FACT

i

(C NO CORRECTION FOR DEPTH OR LOCATION)

RETURN

PRGT

ECFTR



Q&JBHUUTINE ECON (AP [, PRICE. DISCNT, VALUE.
& . FEQP, FOPR. FUEL)

FRCT, FDC.

1

[
Cg wennm COMPUTE MESN DISCOUNTED CASH FLOW AND RATE OF RETURN

i
UNIT = 1000.
UMM = UNITUNIT
SUMVOM = 0.0
SUMTD = 0.0

.=]1 Do 20 I-l.HYHl

i

Muva () =

X
c
<
(3]
=
=
"

O(VgL (1) +2.=VOM (1) +VOM (I3 2Y4.

MUVH (13 = VRM (D)
MOV (D) = vIM(D)

1

(C___ CALCULATE PRICES DETERMINISTICALLY FOR NPC STUDY )

{
| MUPO(]) = POM(I) = FACT |

1

IF
{ISTATE .EQ. 50}

Hg?golll = {{MUPO (13 /FACT) +8.00) wFACT

i

MUPG (I} = PGM (I} w FACT

HUFD (I} = FOCM (]} w FOPR
MUBPC (13 = OPCM (1) w FCPR
HUED (I} = EDPM (]} ~ FOPR
MUCT (]) = CTCM(I) = FEQP
MUCI () = CICM(I) w FEQP

SUMVOM

HUAD (1) = WO(]} w» FOPR

SUMTD = SUMTD + MUCT (1) /UMM
DEPS{} = 0.0

= SUMVOM « MUVE (]} /UNIT

i

G

INITIRLIZE DEBT VECTORS )

i

HUIN (I}
MUDB (I}
MUPB (1)
MURP (J)

UK

eooo

‘—{ 20 CONTINUE l

}

G wuwuwn COMPUTE VRARIANCES OF EACH VARIABLE )

00 30 i=1.MYR
t

SIGVO () =
=
SIGFO () =
SIGAPC (11 =
=
-

SIGC! (11

(VeH (]} -vOL (13} 72,85

{POH (1) -POL (1)) /2.65/UMM
(PGH (1) -PGL (11 /2. 65/UMM
(FOCH (1) -FOCL (1)) /72.685/UMM
(OPCH (1) -0PCL (1)) /2.65/UMM
(EDPH (1) -EDPL (£)) /2. 65/UMM
(CTCH (1) ~CTCL (1)) /2. 65/UMM
(CICH (1) -CICL (1)1 /2.65/UMM

—{30 CONT INUE ]

(¢ nwmun WRITE MEQN VALUES - !1OUT.GE.Z )

IF
(JOUT,LE. 1)
GO 7

PAGE 1
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&3

ARITE (IW,9601)
viRIT {IW. 3050
UMP = Q.

D3 S0 J=1.MYR

| SUMP =

i
SUMP + PRTI (1) |

Ki

50 WRITE (IW.90S1) I, MUCT (3. MUCI(D1,
i MUFG (1) . MUBPC (i) . MUED (D). MUWO (D).

MUPB (1],
WIC (11

i

(c wamsan UNITS IN 3MM )
i
= | COSTRT = COSTRT / UNIT |
PKHGE jn
100 DB 110 Ja1.MYA |
i
HUPD (I} = MUPG (1) /UMM
MUPG (1) = MUPG (1) /UMM
HUCT () = uucnn /MM
= MUCT (]) /UMM

Muc! (I
MUFO (I} = HUFU(I]/UHH
MUGPC {1} = MUOPC (1) /UMM
MUED (]} = MUED (1) /UMM

i

110 MURO (1) = MUWG (]) /UMM |

i

% v
CC .wwewwn CALC ANNUAL VALUES OF REVENUE AND COST COMPONENTS

¢

i

ILIF =
CFMRX = 0.0
CTXC = 0.0
CFET N = 0.0

I

(c INJTIALIZE CUMULRTIVE CASH FLOW AT COSTRT )

i

XWC =
CcNoj (1l = 0.0
O0PCS = 0.0

CFAT (1) = - COSTRT
WCAP/12.

!

G

wewww | OOP THAU M YEARS FOR ANNUAL VRLUES — MMS )

DO 400 I=1.M

AWPP (I} = 0.0
AHPT (1) = 0.0
ARVWPT (1} = 0

.0

i

G

wwsew UNDISCOUNTED CASH FLOW AND TAXES (HPT AND FIT) )

i

vaosoLD = MUVO (J)

8Q0R (1) = Muva (11 /365,
AQGR (1) = YGM{I) /38S.
AQWR (J) = MUYH () /2S5
AQIR (1) = lQUVX (I} /3€S.

I
vOSLD (1) = VOSOLD/UNIT

e

PAGE
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G weaeew ANNUAL BEVENUE FOR GROSS OIL (LESS FUEL) AND GAS SOLD )

|

RREVO(]) = VUSULD'HUPU (N

BREVG (1} = MUVG (J) wMUPG {])

AREV (I) = GBEVU(I) + AREVG (1}
i

(c wwewn | ESS ROYALTY GIVES NET OIL (WORKING INTERESTY )

i

VONET (i) = VOSOLDw= (1.~-XROY)

VGNET (J1 = MUVG () % (1.-XAOT) /UNIT
ARJY (1) = RREV (I) «XROY

ANET () = RREV{]) - AROY (D)

)
(¢ smmnn SEVERANCE TAX )

{ ASEV (1) = ANET (]) wXSEV |

c wuwsn ANNURL OPERATING COST_(FIXED. VRRIABLE.
C weuwn DRIVER, WRTER 7/D. RIA COMP. W/0. QVHERD)

AFOC (J1 = MUFO (D)

avec (J1 = MUVO (1) «MUOPC (1)

AEDP (1} = QMM (I} ~MUED (D)

AWTC (1) a MUV (1} WNTC (1) /UMM = FOPR

AWDC (J) = VOM (1) »WDC({) /UMM = FOPR

ACML (I} = MUVI (1) wCML (1) /UMM « FUPR

ATIN(I} = MUVI (D «CT] (1) /UMM «» FOPR

AOVH (1) = .20 = (AFOC{I) - QVGC(D * REDP (I} + AHTC (D
1 ¢ RHDC(D) » ACML (1) « ATIN(IY +» MUNO (1))

2.+ .02 w MUC! (I} + MUCT (1)) « AOVH{I) = FOC
ACOST {1} & AFOC (]} + AVOC (I} + AEDP ()

1 + AWTC (I} + AWDC (I} +« SOVH (I}

2 * ACML () » ATIN(I1 +» MUWO(I) » ASEV (i

]

(c waowor ANNUAL WCRKING CAPITAL )

I OPCl = RCOST (D |

IF
(©OPCI.LE.0.)

oPC! = 0.0

BACP (1) = (OPCI-0PCS) ~XHC
OPCS = oPC!
i

G uwwawnt NET OPERATING INCOME (BEFCRE WAINDFALL AND FEDEARL TAX) )

i

ANQJ (1) = ANET (J1 - ACOST (I)

CNCI (1) = CNOJ (M1) + ANOI (1)

BTINC = ANOI (]} - MUC] (1) =MUCT (I3 -RWCP (D)
CFBT (J) = CFBT(M1) » BTINC

t
(c wwwwsr WINDFALL PROFIT TAX CALLS )

IF aF
XHPT .EQ. 0.0 L:L
GO TO 358 Ls
rae
=
BPONE = 16.6
XONE = QAP LN » UMM - BPONE) » 0.70
PRGE_4 PAGE 3
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XONE = C.0

| XTHREE = (MUPO(I) = UMM - EPB (1)) |

XTHREE = 0.0

AWPP (]} = XTHREE
XTHREE = XTHREE = XWPT
XCRED = XONE - XTHREE

iF
XCRED .LT. 0.0
XCRED = 0.0

(T wewsew TAX CALCS )

| RWPT (]} = VONET () » (1.-XSEV) » AHPP (]} » XWPT / UMM |

RWPT (§) =0.0
J

l HPHUF:I.OI

IF
(DATE {JV ,LT. WPHO)
GO TO 355

| DIFF = EPHO-WPHO*1.0 |

IF
(DIFF.LE.Q.)

GO 70 355

| WPHOF = (EPMC-DATE {13} /DIFF |

WPHOF=0.0

[ AWPT (1) = SWPT (1) wWPHOF |

i

(¢ GET REVENUE FROM RELESSED GIL 78 OFFSET WPT )

-

1
355 CONTINUE
ARVWPT (J) = QJLR(I) « (1. -XROGY] w XCRED w WPHOF

PRGE_ S

PRGE
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{1 = 0.0
]

{  ARVWPT

G DO NOT ALLOW NEGATIVE WPT IF RELEASED OIL REVENUES GRERTER )

| AWPT (1) = SHPT (1) - RRVWPT (1) |

IF
.iE. 0.0

ERPT (D

CANE
IP GE)
3

{5
PACE

|3ss comnuzl
4 .
(¢ wwouwn STATE INCOME TAX )

§
[ RSTX(]) = ANOI(§) = XSTX |

asTx () = 0.0

c wusww NET TAXABLE INCOME (FIT) )

[
] CINV = MUCT (D) |

2]

IF
(CINV.LE.D.)
G0 T8 370

(c DEPRECIATION CALCULATION: )

IF
(JDEP .EQ. O

[ 107 = 1+DTiM-1 |
]

IF
(IDEP .EQ. 1 .RND.
DATE (I} .GE. 1881)

| I0T =1 +5-1]
|

-y

~{ 30 360 J=!, 10T

PAGE & PRGE S
RG ECON



(c wwwon STRAIGHT -LINE DEPRECIATION )

IF
({DEP .EQ. O .OR. DRTE(J} .LE. 1980

DEPS (J)

= DEPS(J} + CINV/DTIM

IF
(IDEP .£Q. O .OR. DATE(N .LE. i380)
GO TO 380

(c wuwms QCRS DEPRECIATION )

i
{ IHJH = IFIX{(DRTE () |

1F
{IHJH .GE. 1881 .AN
. JHJH LLE. 1834

)

DEPS{J) = DEPS (U

+ CINV w» RCRS {J-1+1,1)

IF
(IHJH .EQ.

198S)

1

DEPS (J} = DEPS(Jl + CINV » ACRS (J-1+1.2)

i

)

IF
M .CGE. 1988)
DEPS () = DEPS (M)

* CINV « RCRS (J-1+1,3)

]

= %—(360 CONT INUE |

PAGE |

-
1370 ACAP (1) = MUCI () + DEPS(I) |

{
(c wwswn DEBT CALCULATIONS )

IF [8K
(IDEBT .EQ. O) PSG.
GO 70 3799 L
{
G LORN IS TAKEN AT START OF YEAR I )
i
3
[ XX = (MUCTII) *+ MUC!(})) = PCTDBT / 300. |
PAGE 7 PRGE €
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PRGE

it

(XX .LE 0.c0n
0 70 3798

&

|m'
r

|
1 MUDB (D) = XX + MUDB(]) |
1

&

IF FIRST YEAR OF REPRYMENT IS RFTER YEAR 1. THEN RDD ARCCRUED
INTEREST TO PRINCIPAL AMOUNT THROUGH YERR NYPAID

J =1

1F
GE. NYRRPT)
Gﬂ T9 3702

(&

RDD INTEREST TO DEBT AT STAAT OF YEAR J+1 AND INCRERSE )
= THE LORN PRINCIPAL TQ BE GMORTIZED

[
s
3701 MUDB U'll = XX w DBTINT / 10Q. + MUDBW+1)
XX = INT 7100, + 1) » XX
HUPBU) = XX + MUPB LD
J = J+l

1F
LT. NYRAPT)
G TO 3701

g,

i
{3702 JL = NYRRPY|

(&

LORN REPRYMENT BT EQURL INCREMENTS OF TOTAL PRINCIPAL PLUS
INTEREST — SIMILAR TO MOME MORTGRGE

E

IF
INYPRID .LE. JL-i)
GO 70 3793

v
I‘-'“:n
(4]

i
EQGAP = DBTINT / 100. / (i. - i./(DBTINT / 100. * 1.)
4 = INYPAID - JL * 1)) = XX
i
~{ D0 3703 J = JL. W]

PAGE B PRGE 7
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(< INTEAEST PRYMENT IN YERR J )

|

YY = XX = DBTINT / 100.
MUIN(D) = 1Y ¢ MUIN(D)

i
(c PRINCIPRL PRTMENT IN YEAR J)

i
[ MURP () = EQRP - YT w MURP L) |

MURP () = 0.0

[ xx = xx - €0RP + YV |

¢
(c PRINCIPAL BALANCE AT END OF YERR J)

AT
RGE
7

!
[ mPBID = XX + MUPB LS |
3703 CONTINUE
-

I AK :
PRGE
E¢

~
{3798 TXCR(I) = XTCRAWMUCT (]} |

DEDUCT INTEREST PATMENT FROM TAXABLE INCOME )

@
i

- RASTX{N) - MUIN(D)

ANTI (1) = ANOJ (1) - AWPT (I} - ACAP (]}

AFIT (]} = XFITeANTI (]}

IFIT.EQ. U

IF
.8ND.

AFIT N .LT.0.
AFIT (1) =0.

(C wwesnw TRX CREDIT)

[ 7CRED = CTXC + TXCR (D) |

IF
(AFIT (1) .GT. TCRED)
GG TQ 385

385 CTXC = 0.0
AFIT(I) = AFIT(N) - TCRED
= TCRED

TXER (1)
i

(¢ wwuww AFTER TAX CASH FiLOW )

i
BTPR(I) = ANOJI (I} - AFITI(]} - AWPT (I} - RSTXI(]]
& - MUCT (]} = MUCT(I} - AWCP (1} - MUIN(I) - MURP (]
CFRT (I} = CFAT (M1} + ATPR(D
VONET (]} = VONET () /UNIT

T

PRGE
ECON
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D
2%

AU
PRGE
i2

[PRGE 8 I
FL

IF
(CFAT (1) .LE.CFMRX)
GO 70 400

{

CFMAX = CFRT (1)
ILIF = |

400 CONTINUE

(¢ wwmwnnt ECONOMIC LIFE )

PLIFE = ILIF

l MYR = ILIFl

i

G wwwow PRESENT VALUE RATE )

. §
Jcc= (+xXINFY = (1eXDRY - 1. |

{

PLIFE=M

wwnes SUM THE PRESENT YRLUES OF REVENUE AND COST COMPONENTS

(alninlin]

INITIRLIZE DISCOUNTED RAND CONSTANT DOLLAR CASH FLOW AT COSTRT

)

i

DCFAT (1) = - COSTRT
coBT (1) = 0.0
CDAT (1} = - COSTRT

1

(c

wewew DETERMINE PRESENT VALUES OVER PROJECT LIFE )

~ D0 500 1=1.MTR ]

Ml = ]-}

G

wwwwn VOLUMES PRODUCED. SOLD. SNB INJECTED )

i

SUMVOM a SUMVOM + MUVO ([} /UNIT
SV0S = SvOS + VOSLD (D

SVON = SVON + VONET (I}

SVGS = SVGS + MUVG (1) /UNIT
SUMVIM = SUMVIM « MUV {]1/UNIT

PRGE 10
AM

PRGE
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IF
{ONPKAIR .LE. (MUV!(1)/1000.0)) i
| ONPKRIR = MUV] (D) /1000.0) |

I

ONPKNO = VONET (1) |

F

(¢ wmaow PRESENT VALUE FACTOR )

i

CCC = 1.0/ (1.0*LOI=m (] - 1)
CCD = 1.0/ (1.0¢XINF) wm ([ = 3)

IF
(IDJSC.LE.Q)
GO TO usg

(€ wwwws MID-YEAR DISCOUNTING )

i

= 1.0/ (1, +CC) wu (FLOAT (1) -1, 5
= 1.0/ (1,0+XINF) == (FLCAT (]} =1

€cc
-CCD

CCC = 1.0

PVDF (1) = CCC
{
(T wwsww CUMULATIVE RMOUNT CORRECTED 70 PRESENT VALUE. MMS )

i

URPV = URPV ¢ BREV ([}
SRPV = SAPV + RREV (1) »CCC

i
G wwsswne NET OJL SALES )

!

UNOS = UNGS » ANET

SN@S = SNOS + RNET(11~CCC
i

(c wemeswe SEVERANCE TAX )

i

USEV = USEY + ASEV (D)
SSEV = SSEV + SSEV (]) »CCT

i
(¢ wwwwn OPERRTING COST (VARIABLEF IXED+GEN*W/O) )

i

UsSTg = USTO_+ ACOST (])
SUMTO = SUMTO + ACOST (1) »CCC

W PEGE 10
ECON



aN
1

(¢ wemum FIXED OPERATING COST )

!

USFC = USFO _+» RFOC (!
SUMFO = SUMFO * qFOC {31 CCC

1
(c wwwnw VARJABLE OPERATING COST )

i

USQPC = USOPC ¢ AVOC(])
SUMOGPC = SUMOPC + AVOC (1) =CCC

{
(C wwmww ELECTRIC DRIVER OP COST)

i

USED = USED « AEDP (D)
SUMED = SUMED + FIEDP {J} »CCC

i
G wuwsw COMPRESSOR MAINT AND LABOR COST )

i

USML = USML + ACML (1)
SUMML = SUMML + ACML (11 »CCC

{
(c wmwmws TECHNJCIAN AND INSTRUMENT COST )
|
UST! = UST] + ATIN(D)
SUMT] = SUMT] + ATIN (1)} wCEC
i
(c wuwww WORKING CAPITAL )
{

UNCAP = UWCAP + AWCP (I}
SUMHC = SUMNC + AWCP (1) wCCC

{
(c wemene TANGIBLE CRPITAL )

§

USTC = USTC + MUCT ()
TOTD = TOTD * MUCT [])wCCT
‘ .

(c wwwew INTANGIBLE CAPITAL )

USC] = USC! » MUC! D)
SUMCI = SUMCI + MUCS i) »CCC
3

(c menn WELL WORKOGVER COST )
1

USWO = USWG + MUWEO (])
SUMNG = SUMHC + MUWQ (1) »CCC

4
(c wunun WATER TREATING COST )
i

USHT = USWT + AWTC i)

SUMWT = SUMWT + AWTC (]) »CCC
4

(c mwwun WRTER DISPOSAL COST )

{

USWD = USWD + AWDC (1)
SUMWD = SUMWD + RWOC (1) »CCC

(c mewesw QVERHEAD COST )

|

USOH « USOH + AOVH (1)
SUMOH = SUMCH + AOVH (1) «CCC

(c wasae WINDFGLL PROFIT TAX )

{
[ UWPT = UWPT + AWPT (D) |

1
(c ~ -wwm STATE INCOME TAX )

:
[(U.i. = usi7 + ASTX () ]
1

tem

o o

PAGE l[i:
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(c umwnw FEDERAL INCOME TRX )

{ UFIT = UFIT « GFIT(D) |

{
(c wwwen INTEREST COST )

i

UINT = MUIN(]) + UINT

SINT = MUIN(]) = CCC * SINT
i

(¢ wwwww PRINCIPAL REPAYMENTS )

i

ULDAN = MUDB (1 + ULOAN
SPRP = MURP (I} « CCC + SPRP

i
(¢ wwuwa DISCOUNTED NET BBL )

[ DNB = DNB + VONET i) »CCC |

(¢ wwewww STD DEVIATION )

i

SPOPYV = SIGPO ([} wCCC

SPGPV = SIGPG (]) »CCC

SOPCP = SIGOPC () wCCC

SFOPV = SIGFO (I) =CCC

SEDPV = SIGED (1) wVIM (]} wCCT |
SCIPV = SIGCI (1) »CCC

SCTPV = SIGCT (1 wCCC

(¢ wwsmn DAVIDSON EON-15, SLLOWING OfL VOLUME UNCERTRINTY )

SSIGO = SSIGO r SQRT ([ MUVGQ (1) »MUVC ({3 = (SPOPVuw2+SOPCPu«?)
U r SIGVR (1) «SIGVO (1] w { (MUPD {1} wCCC) mw2 + (MUOPC (1) mCCC) ww2) )
SSIGC = SSIGG + MUVG (1) «SPGPY

SSIGFD = SSIGFQSFIPV

SSIGED = 3SIGED+SEDPY

SSIGC! = SSIGCI+SCIPY

SSIGCT = SSIGCT+SCTIPV

j

(¢ CONSTANT DOLLAR DISCOUNTING AND CASH FLOW )

}

BTINC = ANOI (1) -~ MUCI (1) = MUCT (D) - AWCP {1} - MUIN(D) ~ MURP (1)
UCFB = UCFB + BTINC

CDET (1) = CDBT M1} + BTINCwCCD

DCFBT (I) = DCFBT M1) + BTINC»CCC

URTP = URTP + RTPRI(I)

CDAT (1) = CDAT (M1) + ATPR (1) »CCD

DCFAT (]} = DCFRT iM1) + ATPA (11 »CCC

IPRY=}

PRGS'P 13

ECON

' AQ
PRG!
l 13
DEPRMT = TOTD/DTINM
CREC = 0.0
PRGE 12



SQ
PAGE,
12

PHGF%, 12

iF
CC .LT. i.E-6)

YC = (TOTD - XFITuDEPAMT™ ({1 +CC) wnDTIM=1.1/ (CCx (1+CC) waDTIM)

1 = CREC) /07D

i

(c e COMPUTE DCF MEAN AND STD DEVIRTION )

J

-

S50 DCFB = DCFBT (MYR)
MUPPY = DCFAT (MYR)
CFRTT = CFAT (MTR)
COSR

.

&

COSR = SUMVIM / SUMVOM |

J

i

wwwwo VARIANCES )

S1G02 = SSIGO=SSIGO
S1GG2_= SS)GGuSSIGE
SIGFQ2 = SSIGFO™SSIGFO
SIGED2 = SSIGED=SSIGED
SIGE12 = SSIGCIwSSIGE]
SIGCT2 = SSIGCTHESIGLT

]

(¢ [

DRVIDSON EON-17, ASSUMES SIGCAP=0 )

i

STODEY = SOHTH)I-XFIT)-(SIGO?*SIGGZ + SIGFO2+SIGCI12+SIGEDR)

1 + YCuYCnS)

(€ wwwuw PAYOUT (AFTER TAX) )

:

| PRYOUT = IPAY + DCFAT {IPAY) / (DCFAT (IPAN -DCFAT (IPAT+1)) |

IF
PRYOUT.GE. M)

I PRYOUT=999. 99 l

G

wamew COMPUTE DCF RRTE OF RETURN )

i

CALL DCFRCR
1 TOTD, DTIM.XFIT.

MYR, 10UT.

! ID
XINF,XDR.EFF

1sC. CDSTRT DCFRT Q1PR.

V. CFRTT, CFRT.ROR)

IF
ROR.GT.1000.}

l RETURN l

PRGE
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SUBRQUTINE DCFROR (MYR, 10UT. IDJSC.COSTRT, DCFAT, ATPA,
1 T8TD. DTIM. XF 1T, XINF. XDR.EFF INV, MUXPV, CFRTT, CFAT, RER)

}
(c wwwwus JTERATE ON DISCOUNT RATE TG FIND ZER® DCF )

JTHRX = 20

G wenss CHECK WHETHER CRSH FLOWS HAVE ANT SIGN CHANGES: >
C waseidd 1 NOT, THEN N@ ROR EXISTS

IPRGE 2 I
a8

¢

wmwnm CHECK FOR FEASIBLE RGNGE )

-—{ Do 10 ltl.HYﬁl

(& wuswn FIND FIRST NON-ZERO CASH FLOW )

mﬁﬂ

—{10 CDNTINUEl

IF
RTPRMMYR) .LE. 0.0
GO TO 42

i

(c wwwns AL CASH FLOWS naE ZERO. ROR DOES NOT EXIST ) (€

wwwnne AL CASH FLOWS RRE POSITIVE )

BUR- 0.0
EEFINY = 0.0
RETURN

i

GO 70 299

ROR_= 1000.

{

9
bt

PRGE

I—Jﬂ
oy
a

i



(c wuwua FIND B CHANGE IN SIGN FRAOM YESR | FOREWARD. )

|

20 J =1
NEGYR = |

i

]
D
3]

1F
®RTPA (N .EQ. 0.0
GO 70 30

IF

RTPAD) / ABS(ATPRINN) .
ATPR(J / RBSATPR (N )]
GO 70 30

IF
NSCHG.EQ.0 .AND. ATPR (AN .GT.0.00

NEGYR = J-1

|.—~:I
[
"

PRGE 2



[PRGE_ 1 ]
ac

(c wwwwe AL CASH FLOWS RRE NEGATIVE )

42 ROR = 0.0
EFFINY =
ETURN

0.0

PAGE 3
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nwwew INITIALIZE ROR AT USER DISCOUNT RATE )

c

i
G wamesw XROR IS “REAL* DISCOUNT RATE AFTER INFLATION )
i
+ ROR)

XROR = 1. + XINF) = {1,
XDRS = ROR

XD8N = XROR
MUSPY = RTPR (J)

| WRITE (W, 50800 |

E—

(c wwwnw SERRCH FOR ROR, MAXJMUM OF [TMRX TIMES )
A ' i
PSRGE i DO S5 IT = 1, ITMAX |
i
C: DCFATT IS THE RFTER TAX PRESENT VALUE
C DCFSTP IS THE FIRST DERIVATIVE OF DCFAT WAT ROR
i
| DCFRTT = ATPR (MTRI |

i
DCFATP = FLOAT IMYR! = ATPR (MYRT |
]

3

IF
(IBISC .GT. O
| DCFATP = (FLORT (MYR) - 0.S) = ATPR (MYR) |
]

~ U0 S0 | = 2.MYR|

¢
| DCFATT = DCFATT / XROR ¢+ ATPRMMYR - | + 1) |

IF
IDISC .EQ. Q) 3
PCFATP = DCFRTP / X?Uﬁ + ATPRMMYR - 1 ¢ 1)

» FLORT (MTR -
J
1BISC m/ :
DCF'F._IIP = DCF'FITPI/ XHUR + RTPB!HTR -1+
- +
]
~1SO_CONTINUE
PAGE i
DCFROR




(T wwwww SUBTRACT PROJECT START-UP COST FROM PRESENT VALUE )

IF
IDISC .6T. O

DCFATT = DCFATT / XROR w« 0.5
)

| DCFRTP = -DCFATP / XROR |

DCFRATP = DCFATP » XROR ww 0.5
}

(c wwwwwe TRY TOP CLOSE NET PRESENT VALUE 70 ZERO )

32)

1F
(RBS (DCFATT) .LT. 0.01)
GO 70 €0

(c mwwwn SAVE QLD RATE )

i
(€ wwuww USE NEWTON-RAPSON 10 RDJUST ACR )

{ XROR = XROR - DCFATT/DCFATP |

{
(c wesnn PREVENT NEGATIVE OR ZERO AOR )

(C wwwew SAVE NEW PRESENT VALUE )

MUSPY = DCFRTT

wwuwe SAVE NEW RATE )

XDRN = XROR

IF
(Jout .oT. 1) )
[ WRITE (IW.31000 17.XDRS.MUSPV.XDRN. DCFATP |
]

AGE —{55_CONTINLE |
_4

(c IF MERE - DJD NOT CONVERGE ON ROR )

i
ROR = -1.0
Go_T0 298

PACE 6 PRGE §
86 DCFROR

(3]

II



(c wwuwn SOLVED FOR ROR )

60 MUPPV = DCFRTT
ROR = (XROR / (1. + XINF) - 1.) = 100.
i

('C wmmwe INVESTMENT EFFICIENCY
.C COMPUTES INVESTMENT EFFJCIENCY AT USERS SET DISCOUNT RATE
{

IRG >
PAGE
it /

-
299 CONTINUE
XINVEST = MUCT (1) + MUC! (1} + COSTRT
RTPR (1) = ATPR(1) + XINVEST
i

20 201 |=2.MYR

1
XX_= MUCT (I} _+ MUCI (D)
ATPR(I-1) = ATPR(J-1) - XX
i
201 ATPRII) = ATPRII) + XX |

I
CCr=Q.
SUMPCF=0.0
SUMNCF=XINVEST
MRAXNCF = XINVEST
MARK=, FRLSE.

v ~ DO 3000 YR=1.MYR |

¢

€ DON'T DISCOUNT YEQR ONE
C DISCOUNT ALL OTHER TEGRS ON THE HALF YEGR

}

T1=FLOART (YR} ~0.5
DMUL= (1. 0+XDR) »ai T}

I
(C 72 : DISCOUNTED CASH FLOW IN YERR )
i
[ 72=ATPR (YR} /DML |

(C CCF . CUMULATIVE CASH FLOW)

CCF=CCF+T2

MRRK= . TRUE .

(C CERSE ACCUMULATING NEGATIVES ONCE CUMULATIVE CASH FLOW GOES PBSITIVE )

| SUMPCF=SUMPCF+T2 |
L ]
Al
PSG:
i
PRGE 7 PRGE &
A DCFROR



IF
J2.L7.0.)

| SUMNCF=SUMNCF+T2w (=1.) |

@

CALCULATE MAXIMUM NEGRTIVE CRSH FLOW - MAXNCF )

MRXNCF = SUMNCF |

3000 CONTINUE

o
€

NEGRTIVE CASH FI

COMPUTE INVESTHENT EB;%CIENCT RS THE RATIO OF POSITIVE TO)

C CASE WHERE THERE RBE NO NEGRTIVE CASH FLOWS

EFFINV=1 OEC3

(C ALL OTHER CASES )

| EFFINV=SUMPCF /MRXNCF |

(T THIS COMPLETES COMPUTRTION OF INVESTMENT EFFICIENCY )

i

CONTINUE
RTPR (1) = ATPR(1) = XINVEST

DO 302 i=2.MTR
i

XX = MUCT (13« MUCI ()
ATPR (1-1) = RTPR(]-1} ¢ XX

1
302 ATPR(I) = ATPR(N} - XX|

RETURN

PRGE
DCFROR
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\_SUBROUT INE QUTE /

|
wwssses WRITE ECONOMIC SNALYSIS REPOATS )
i
UNIT = 1000.
UMM = UNIT=UNIT
1

(¢ wamww PRINT ANNURL TRBLE - UNDISCOUNTED VALUES )

D
(=]

l v
wp
2

D0 S0 I=1 .M

MUPD (1) wiMM
MUPG (13 wtyMM
= VGM (1) JUNIT
HUV' (Il = MUV (1) /JUNIT
MUVW (11 = MUV (1) /UNIT
MUVG (]} = MUVG {13 JUNIT

111
(1
P {1
G(!
11

{
SO MUVD 1) = MUVE (]} ZUNIT |
i
(c wecciws TOP OF LOBP FOR ANNURL VALUES )
]
-

100 CONTINUE
WRITE (1MW, 2001)
WBITE (IR, 9002)
ARITE (IW.9005) {1, I=INIT.IFIN)
RRITE (1W,.3008) (DRTE (1}, I=INIT.IFIN}
ARITE LIW,. 21000 (1DSY EI).!DS2(11 ltINIn IFINY
WRITE (IW. 90100 MUVO (51, 1=INIT IFIN
WRITE (IN.9011) VGM (I3, 1=INJT.IFIN)
WRITE (19, 9012) (MUVW (1), I=INIT.IFIM}
RRITE (IW.S014)  MUV] (I3, lrlNlT.!FIN)
WRITE (JW, 20151 (AQOR (I}, I=INIT IFIN)
RRITE (]¥.3016) (RQGR(I) . 1=INIT.IFIM
WRITE (JW. 82170 (RGWR (1), JBINIT IFIN
WRITE (IW. 9018} (RQIR(1), I1=]NIT, "’Nl
WRITE (1#.3100) (1DSi (I3, 1DS2i1) . =INIT IFIN
WRITE {1N.9121) (VONET (JJ. 1=INJT,
WRITE (IN.2022) MUPB (D), I=INIT, f"N)
WAITE (JW.S025) (BRREVE(J1. I=iN]T.IFIN
WRITE (JH.S030) (SRCY (1) . I=INIT. mm
WRITE (IN,9033) (ANET (1), 1=INIT,IJFIN)
RRITE (IH.3100) IIDSI (l) IDSZ(I) 1=INIT, IFIN)
HRITE (IW,9035) (QSE IFIN
WRITE (IW,9036) lFiFOCfIl !thJT IFiN
WRITE (IW.8037) (BYCC(I), I=INIT, IFIM
HRITE (IW.9038) (REDP (1) . ISINIT IF!N‘i
WRITE (1W,9138) (ACHL (I3, I=INJT,IFIN)

i

WRITE (IK.9238] (RTIN(D ., 1=INIT.IFIN}
WRITE (IW,.S039) (MUWO (]}, I=INJT.IFIN}
WRITE (JW. 9040} (RWTC (), J=IN]T.IFIN)
WRITE (JW.90Ui) BHDC(I) . I=INIT.IFIN
WRITE (JW.9042) (ROVH (1), I=IN]T,IFIN
WRITE (JW,.S0U3) (RCOST (11, I=INIT,IFIN)
WRITE (JK S0US] (ANG] (1), I1=INIT,IFIN)
WRITE (IW.90USS) (CN@I (1T, 1=INIT.IFIN
WRITE (JW.S0UB) (AHCP (1), I1=INIT.IFIN)
WRITE (IH.30U7) MUCT (11, J=INIT.IFIN)
KRITE (1K.20u8) MUC!I (1), I=INIT,IFIN)

PAGE 2 PRCGE 1
g8 oUTE



[Z

}

WRITE (1K, S0UB1}

(MUIN ().

{2INIT, IFIN) |

1

WRITE (1W, 30U82)

MUDB (11,

1=INIT. IFIN) |

]

]

WRITE (IR, 90483}

(MURP (1) .

T=INIT. IFIN) |

|

HRITE (1MW, 9048U)

iMUPB (D),

I=iNIT.IFIND |

J

3535355535553

W.9070) (mpa m
(N, 3075)

—
—
._

. N
W, 91000 (]1DSi (D, {DSZIK . In IFIN

e

A R er]
s—.s—»—»..ms..»...»-.u-.-n
L e M i
3335333353 =3

UFIN GE M)

n
(8]

200

1T =
IN = H!NUUNIT*S M
10 1

!PRGE 1 i
AR

l 0
Ww-n
-

PRGE ¢
ouTE



i

wemnn PRINT UNDISCOUNTED VALUES ~ SUMMED OVER ECONOMIC LIFE

)

i

WRITE (IW,9001)
WRITE (IW.9204) PLIFE. URPV, UNOS
i _USEV,USFQ, USOPC, USED, USML, UST] . USWO, USWT , U
TOPC = USFO*USUPC?USEV?USED'USHL'USTI *USHU*USHT*USHD?USUH
JINV = UWCAP + USTC + USC!
TEXP = TOPC ¢+ TINV ¢+ U!NT
HBITEUH 92051 USOH.
ULO;E UWCAP . USTC,USCI, TINV UINT, TEXP.UCFB, UWPT.USIT.UFIT,UATP,

i

( C
E wwwwne PRINT ANNURL TABLE - DISCOUNTED VALUES

i

WRITE {IX.9911)
WRITE (1W.9500)

i

(€ wwsmw PRINT ONLY VALUES THRU ECONOMIC LIFE)

~{ D8 500 I=1,MYA |

i
{— SO0 WRITE (IW.955Q) I, DATE (1) ,PVDF{I} ,CFBT (1) ,CDBT(),
1 DCFBT (1), CFAT (1), CDAT (J1,DCFART (1)

l AD >
Plﬂﬁi

i
C
CE mmnn SUMMARY OF RESULTS )
-
K)
600 CRLL TITLE(TITL)
. gPssgvﬂJHFU*SUHUPC*SUHED’SUHﬁL‘SUHTI*SUHHO*SUW’SUHHD*SUMUI‘!
T
TINV = SUMHC +« TOTD + SUMC!
TEXP = TOPC + TINY ¢ SINT

DB = 0.0

1F
(DNB.GT.Q.)

| DCPDB = TEXP/DNBWUNIT |
j

HRITE (1K, 9600) PL]FE SUHVUH COSA, SYON, DNB
HRITE (JW. 960U SRPV, SNOS.
i SSEV.SUMFQ, SUMOPC. SUHED SUMML, SUMT!, SUMKQ, SUMWT , SUMKD
HHIT‘(IH 96357 _ SUMOM

TOPC. SUMHC. TOTD, SUMC!. TINV, SINT. TEXP. SPRP, DCPDB. DCFB
°XDR = XDA=100.
PCC = CC«100.
OROR = 100.w{(1,+R0A/100.) = (1. +XINF] - 1.0

DCFL = MUPPY - 1, 22xSTDDEV

DCFH = MUPPY + 1. 43«STDDEV

RPE = 0.0

8PJ = 0.0

PROBZ = 0.0
PRC
lu

| RP1 = MUPPV/TINV |
PRG&E 4 PRGE 3

OUTE



630 IF
(TEXP.LE.Q.)
GG T 640

i

| mPE = MUPPV/TEXP |

| DCFGS = MUPPV/DNBWUNIT |

r____‘

650 WRITE (IH.S8550) PXDR.DCFL . MUPPY. DCFH, STDDEV,
1_PAYGUT,RPI.APE, DCFGS, EFFINV,ACR

PRGE
ouTE
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g PROGRAM ICPM MAIN 2
MAIN 3
(£ 36 93636 3 3 36 3 36 36 9 3 3693 36 I 3 36 I 9 I I 369 3 3 9 96 I 9 96 9 3 3 96 9 9 5 X % % % ¥ WX FHRHERNX XX RRXEXXMATIN 4
c *MAIN S
c »*%%% INSITU COMBUSTION PREDICTIVE MODEL - ICPM *MAIN 6
c *MAIN 7
C MAIN @
C DEVELOPED FOR NATIONAL PETROLEUM COUNCIL BY LKTL 1
c MAIN 11
C *MAIN 12
c SCIENTIFIC SOFTWARE — INTERCOMP LKT1 2
c 1801 CALIFORNIA ST, SUITE 400 *MAIN 14
c DENVER, COLORADO 80202 *MAIN 15
c (303) '292-1111 ~ *MAIN 16
C *MAIN 17
C *MAIN 18
c RELEASE: 1.4.0 (APRIL, 1985) LKT3 1
c *MAIN 20
c ABSTRACT: ICPM COMPUTES THE RECOVERY AND PROFITABILITY *MAIN 21
€ OF AN INSITU COMBUSTION PROJECT FROM GENERALIZED LKT1 4
C PERFORMANCE PREDICTIVE ALGORITHMS *MAIN 23
c *MAIN 24
c ICPM FEATURES INCLUDE: *MAIN 25
C 1. AIR COMPRESSOR CALCULATIONS *MAIN 26
c 2. RECOVERY BY HEAT/MATERIAL BALANCE AND *MAIN 27
C CORRELATIONS *MAIN 28
C 3. SUPERPOSITION OF PATTERN PERFORMANCE TO GET *MAIN 29
c PROJECT PERFDRMANCE *MAIN 30
C 4. CALCULATION AND ANALYSIS OF ANNUAL CASH FLOW *MAIN 31
c FOR PROJECT LKTT 5
c *MAIN 33
C***********************************************************************MA IN 34
c MAIN 35
c CALCULATION SUBROUTINES: MAIN 36
C RESV - PREDICTS RESERVOIR PERFORMANCE; MAIN 37
C RECOVERY AND PRODUCTION. MAIN 38
c COMB - RECOVERY PREDICTION, BRIGHAM/SATMAN/SOLIMAN MAIN 39
c VISC - CALCULATES LIQUID viSCOSITIES MAIN 40
c ECON - PERFORMS ECONOMIC ANALYSIS OF THE PROJECT, LKT3 @2
c COMPUTES MEAN DCF AND DCFROR LKT3 3
¢ DCFROR - COMPUTES DCF RATE OF RETURN MAIN  aé
L
c INPUT AND UTILITY SUBROUTINES: LKT3 S
C INPUT - INPUT RESERVOIR DATA LKT3 &
c INEC - INPUT ECONOMIC DATA LKTL &
C CHEKR - DEFAULT CHECKING FOR RESERVOIR DATA MAIN 48
c CHEKE - DEFAULT CHECKING FOR ECONOMIC DATA MAIN 49
c oUT1 - WRITES FORMATION DATA LKT3 7
g QUT3 - WRITES FLUID PROPERTIES LKT3 8
c OUTE - WRITES ECONOMIC ANALYSIS REPORT LKT3 9
C SDINT - SINGLE DIMENSIONAL LINEAR INTERPOLATION LKT3 10
C TITLE - HEADER WITH RELEASE NUMBER TO BE UPDATED MAIN 54
c WITH EACH MAJOR PROGRAM CHANGE LKT3 11
€ MAIN 56
C MAIN 57
C e e e MAIN 58
c COMMON STATEMENTS. MAIN 59
c-- - TR MAIN 60
COMMON /FLABS/ 1J1, FLAGS 2
1 IRES, IPAT, IWRIT, IECON, IERR, FLABS 3
2 IR, iW, IP, NZONE FLAGS &
c FLAGBS 5
COMMON /RESVR/ RESVR 2
1 DEPTH, PFORM, TFORM, TNET, RESVR 3
2 PERM, POROS, VISO, VISW, BOI, BWI, RESVR &
3 AREA, WELLSP, SOI, SWI SGI,  BRNMX, RESVR 5
4 0IP, WiP, IP TOTOIL, TVP,  SWEEP, RESVR &
S ARIN, ARINJ, PINJ, WELLSI, HPP, PDP, RESVR 7
b AREAP, FWA, OILBF, PATVOL, AFR, AR RESVR 8
C RESVR 9
COMMON /REPORT/ REPORT 2
1 CUMOIL(200), CUMBAS(200), CUMWAT(200), CUMOB(200), REPORT 3



lwiwle]

2 CUMIA(200),
3 PROIL(200),
4 TIME(200)

&6 PRODS(200}

COMMON /FPROP/
* API, RS, VIS, VIS100, VIS210, VIS1, VIS2, SGO, SGW, SGG,

COMMON /ECI/ M

CUMIW(200),
PRGAS (200) ,
DTIME (200),

CUMAW(200) ,
PRWAT (200) ,
FRVS (200) ,

FOSC(200),
AIRG(200)
RECOV (2003,

FOSI(200),
- WATR(200),

MYR, IOUT, ISTATE, IDIST, IFIT, IDISC, IFUL, IS0, IDEP,

1 PCTDBT, DBTINT, NYRRPY, NyPaID, IDEBT,

1 cCosT, GTRT, ~ WTRT, 'CTACR, DCE, PLANT,

1 wocost, wrcodT, wWwpcodT,costMi,costTi,

1 WCAP, ' UNCO, ~ WPP, 'COSTRT, FOCPL, FOCPM, FOCPH

1 WPP1, WPP2, WPP3, WPP4, POBASE, OILB, OILC, DECL,
1 XDR XINF,  XROY, XSEV, XWPT, XFIT, XTCR, DTIM, XSTX,
1 WPHB, EPHO, BTIM, BPOW

1 EscPd, EscPG, ESCPE, ESCFO, ESCED,

1 ESCCT, ESCCI, ESCWO, ESCWT, ESCWI, ESCBP,

1 OILR(50), VB5(50),

1 POL(50), POM(50), POH(50), PGL(50), PBM(50), PGH(

2 FOCL(50}, FOCM(50}, FOCH(S03,0PCL(S0},0PCM(S0}, OPCH

3 EDPL(50), EDPM(50), EDPH(50),WTC(50), WDC(50), CML(

4 CTPL(50), CTPM(50), CTPH(50),CIPL(50},CIPM(50}, CIPH

4 CTCL(50), CTCM(50), CTCH(50),CICL(50),CICM(50), CICH

S VOL(50), YOM(S0), VOH(50), WO(50),  BPB(50), CTI(

6 VBM(50), VWM(50), VIM(50), GNUM(50),GENC(50}, TITL(20

6 GHM(S0), VHM(S0), VDM(50), GHP(50), VHP(S0)

7 VOP(50), VGP(50), WVWP(50), VIP(50), PATI(50}, PATIOX(S0)
COMMON /ECC/

1 MUVO(S0), MUVG(S0), MUVW(S0), MUVI(S0),

1 MUPO(50), MUPG(50), MUWO(50),

2 MUFO(50), MUOPC(S0},MUED(50), MUCT(S0), MUCI(S0),

2 MUDB(50), MURP(50), MUIN(50), MUPB(50)

3 SIGVO(50},516P0O(S0},516PG (503 ,SIGPF (503 ,SIGFO(S0),

4RgéEED(SO),SIGCT(SO),SIGCI(SO),SIGDPC(SO‘

1 MUVO,MUVG,MUVW,MUVI ,MUDB, MURP ,MUIN,MUPB,

2 MUPQ;MUPG, MUFO, MUED ; MUWD, MUCT , MUCT,

COMMON /ECS/
SUMVOM, COSR,

CINJ, = CE@P, CSEC, CNVT,

URPV,  UNDS, USEV

UWCAP, USWT, USWD, USOH,

UWPT,’ USIT, UFIT, UATP, UI
SNOS, SSEV

Sumof, SUMMC, SUMTI, DCFB
MUPPV, STDDEV, PAYOUT, PLIFE

£ WM - s b ot s
€3]
e
)
<

SUMIN, SUMWC, DNB, SVON, EFFI
REAL MUPPV

COMMON /ECO/
1 DATE(50), VOSLD(S0),VONET(50),
1 VGNET (505 ,AREVD(50) ,AREVG(50) ,
2 AROY(S0), ANET(50), ASEV(50),
2 ACML(S0), ATIN(50), AINJ(50),
3 AFOC(50), AVOC(50), AEDP(50),
4 AWPP(50), ANIP(50), TXCR(50),
4 AQOR(50), AQBR(50), ABWR(50),
5 ANOI(50), ASTX(50), AWPT(S0),
& CFAT(50), CDAT(50), DCFAT(50,
7 CFBT(50), CDBT(50), DCFBT(50)

DATA XHEND / 4HEND /
DIMENSION CARD(20)

TOTD, SUMCI, SVOS, SVGS, SVPS, SVIS, SUMWT,
CREP, CDAO, CIWO,
» USFO, USOPC, USED, USWD, USTO,
USTC, USCI, UCFB, USML, USTI,

NT, ULOAN,SINT, SPRP

¢
SUMFG, SUMOPE , SUMED , SUMWA , SUMWD

ROR, CC,
NV

AOVH(S0), AOVH1
ARVWPT (50) , AREV(
AWTC(50),  AWDC(

5
S
ACOST(50), ACAP(S
(5
9
S

DEPS(50), AWCP

ARIR(50),

ANTI(50), AFIT(50), ATPR(50),
PVDF(50), CNOI(50),

THIS PROGRAM IS THE MASTER ROUTINE WHICH INITIALIZES VARIABLES,
CALLS VARIOUS SUBROUTINES, CHECKS SWITCHES AND UPDATES TIME

REPORT
REPORT
REPORT
REPORT
REPORT
FPROP
FPROP
FPROP
FPROP
ECI

m
()
—
U TUN) ¢ 1=t et b fod et b b b et

m
[w]
0O
W OIYTNCUFWN AW~ OVONCUAWNWL-OYDNCUISWNN~=OVONOCUNLFAWNU-OVONOCUFWNUNIFWLOBNCUIS

m
0
0
b ot b

m
(9]
[17]
b bt et et



C INCREMENTS. MAIN
c MAIN
c MAIN
c *%%%% UNIT ASSIGNMENTS MAIN
IR =7 MAIN
IW =6 MAIN
IP = 15 MAIN
IMAX = 50 LKT1
C MAIN
¢ MAIN
c e --MAIN
C *x%%% ECHO PRINT INPUT DECK MAIN
c - -- — e MAIN
c MAIN
101 REWIND IR LKT2
I= O LKT2
2  READ (S5, 7204,END=9999) CARD LKT2
IF (1_.EQ. 0 } WRITE(IW, 7000) LKT2
7000 EDRM?T(ITI / 10X, 1SHINPUT DECK ECHO / 10X,15(1H-) ) tﬁ;g
=71 +
WRITE(IW, 9204) I, CARD LKT2
IF( CARD{1) .EQ@. XHEND ) GO TO 7020 LKT2
WRITE(IR, 7204) CARD LKT2
7204 FORMAT (20A4) LKT2
9204 FORMAT(1X,14,2X,20A4) LKT2
60 TO 2 LKT2
c LKT2
7020 REWIND IR LKT2
c LKT2
c o e LKT2
C EXECUTABLE CODE STARTS HERE. RETURN TO HERE FOR NEW CASE. LKT2
c BEGIN BY ZEROING SELECTED VARIABLES. LKT2
C - e LKT2
¢ : LKT2
1J1 =0 MAIN
MAXO = 100 MAIN
IERR =0 MAIN
UNIT = 1000. MAIN
PII = 3, 14159265 MAIN
E SPECIAL INITIALIZATION FOR MULTIPLE RUNS ngim
DO 2100 I=1,200 MAIN
CUMOIL(I) ='0.0 MAIN
CUMIA(I) = 0.0 MAIN
CUMGAS(I) = 0.0 MAIN
CUMWAT(I) = 0.0 MATN
CUMOB(I) = 0.0 MAIN
CUMIW(I) = 0.0 MAIN
CUMAW(I) = 0.0 MAIN
FOSC(I) = 0.0 MAIN
FOSI(I) = 0.0 MAIN
PROIL(I) = 0.0 MAIN
PRGAS(I) = 0.0 MAIN
PRWAT(I) = 0.0 MAIN
AIRG(I) = 0.0 MAIN
WATQ(I) = 0.0 MAIN
TIME(I) = 0.0 MAIN
DTIME(I) = 0.0 MAIN
FRVS(I) = 0.0 MAIN
RECOV(I) = 0.0 MAIN
PRODS(I) = 0.0 MAIN
2100 CONTINUE MAIN
C MAIN
C ——- e —— S —— MAIN
C ZERO COMMON MAIN
C == e — S — MAIN
C MAIN
PRODS(MAXD) = 99999, MAIN
DCFBT(50) = 99999 MAIN
PATI(50) = 99999 MAIN
SIGOPC(50) = 99999 MAIN
=1 LKT2
5 POL(I) = 0.0 LKT2

MU = > pob ot b ot ok ot ot
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35
40

J =350

IF( PATI(J) .EQ@. 0.0) GO TO 6
I=1 + 1

GO T0 5

I= 1
MUVO(I) = 0.0
J = 50

%F( ?IBOPC(J) .EQ. 0.0) GO TO 11
B0 TO 66

I

gUMOéL(I) 0.0
%F(P?ODSiJ) .LE.O.) GO TO 35
60 TO 30

I 1
DATE(I) = 0.0

J = 350
%F(DC?BT({) .LE.O.) GO TO 45
G0 7O 40

l')l-!(?(') a0
]
|
|

aooOoo 000

Qoo

CARD 1 *¥xx% READ TITLE, BEGIN INPUT DATA HERE FOR EACH CASE

READ( IR, 8004 ,END=9999) TITL
FORMAT (20A4)

**x#%% PRINT HEADING, RELEASE NUMBER, AND TITLE.
CALL TITLE(TITL)

LKT2
LKT2
LKT2
LKT2
LKT2
LKT2
LKT2
LKT2
LKT2
LKT2
LKT2
LKTe

*#¥#x% READ CASE INPUT DATA

CALL INPUT

IERR IF NOT ZERO INDICATES THAT AN ERRDR WAS FOUND IN CHECKING

THE INPUT DATA IN SUBROUTINE CHEKR, GO TO ECONOMIC READS
IF(IERR.GT.0) GO TO 999

**xx% WRITE RESERVOIR SUMMARY REPORTS

CALL OUTR
IF(IECON.LE.O) GO TO 101

CARD E1 *»*#x READ TITLE FOR ECONOMIC ANALYSIS, END IF EOF

READ(IR,B004,END=9999) TIT
CALL INEC (151 PRICEI,FDC, FEDP FOPR,FUEL ,FACT)

CALL ECON(API,PRICEI, 0.1, VALUE, 1., FDC,FEQP,FOPR,FUEL)

**%%%x WRITE ECONOMICS SUMMARY REPORTS




0O 00 o0

9999
9001

CALL OUTE

**%%% GO0 TO TOP FOR NEW CASE
GO TO 10t

WRITE(IW,7001)

FORMAT (1H1)

gﬁgP ‘NORMAL STOP®
SUBROUTINE TITLE(TITL)

*#x4x PRINT TITLE

COMMON STATEMENTS.

1
2

COMMON /FLABS/ 1J1,
IRES, IPAT, IWRIT, IECON, IERR,
IR, IW, IP, NZONE

DIMENSION TITL(20)

WRITE(IW,%000)

Q000 FORMAT(1H1/

C

12X, GOHREHNHRHHEH NN K KK I KKK H I XK N R R R K
1 2X, 42H* *
1 ex: 42H* NATIONAL PETROLEUM COUNCIL *
1 2X, 42H* INSITU COMBUSTION PREDICTIVE MODEL *
1 2X, 42H»* (ICPM - RELEASE 1.4.0) *
% 2X, 4cH* ( APRIL ,1985 ) *

*

ex ’ G OHE % 33636 36 3653696 6 36 36 36 36 36 36 96 3 3 9696 369696 3 303636 3 96 9 0 396 9 % %

WRITE(IW,9004) TITL

C9004 FORMAT (1X,20A4)

NONNNNNN

RETURN
END
- SUBROUTINE INPUT
¢
c COMMON STATEMENTS.
COMMON /FLABS/ 1J1,
1 IRES, IPAT, IWRIT, IECON, IERR,
. 2R fw, 1P, NZONE
COMMON /RESVR/
1 , PFORM, TFORM, TNET,
2 PERM, POROS, VISO, VISW, BOI, BWI,
3 AREA, WELLSP, S0I,  SWI SGI,  BRNMX,
4 OIP, WIP, GIP 70TOIL, TVP,  SWEEP,
S ARIN, ARINJ, PINJ, WELLSI, HPP, PDP,
. b AREAP, FWA, OILBF, PATVOL, AFR, AR
COMMON /FPROP/
* API, RS, VISBO, VIS100, VIS210, VIS1, VIS2, SGO, SGW, SGG,
<! BB(42)

b b b ok oh o b b b ok b

COMMON /ECI/ M
PCTDBT, DBTIN, NYRRPY, NYPAI ,
CCOST,  GTRT, = WIRT, CTACR, DCE, PLANT,

wocost, wrco$T, wocodt,costl,costTl,

WCAP, UNCO, WPP COSTRT, FOCPL, FOCPM, FOCPH

WPP1, WPP2, WPP3, WPP4,  PDBASE, OILB,
XDR XINF,  XROY, XSEV, XWPT, XFIT, X
WPHO, EPHO, BTIM, BPOW

, EscPG, ESCPF, ESCFO, ESCED,

ESCCT, ESCCI, ESCWO, ESCWT, ESCWI, ESCBP,
0ILR(50), vOS{50),

POL(50), POM(50), POH(50), PGL(50), PGM(S

0ILC, DECL,
TCR, DTIM, XSTX,

0), PGH(50),

MYR, 10UT, ISTATE, IDIST, IFIT, IDISC, IFUL, IS0, IDEP,
D, IDEBT

e
— OO0
OO0
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2 FOCL(S0), FOCM(50), FOCH(S0),0PCL(50),0PCM(S0), OPCH(50),

3 EDPL(50), EDPM(50), EDPH(50),WTC(S0), WDC(50), CML(S0)

4 CTPL(50), CTPM(50), CTPH(50),CIPL(50},CIPM(50}, CIPH(50},

4 CTCL(50), CTCM(50), CTCH(50).CICL(50),CICM(50), CICH(50),

S VOL(50), VOM(50), VOH(50), WO(50),  BPO(50), CTI(50)

& VBM(50), VWM(50). VIM(50), GNU M(sé) ,GENC(S0}, TITL(20},

6 GHM(50), VHM(50), VDM(50), GHP(50), VHP(50)

7 VOP(50), VGBP(50), WVWP(50), VIP(50), PATI(505, PATIOX(S0)

**»%%% INPUT SUBROUTINE, READS CASE CONTROLS AND RESERVOIR
PERFORMANCE INPUT DATA ONLY (ECONOMIC INPUT DATA READ LATER)

CARD 2 #*%%*% RUN CONTROLS
READ(IR,*) IRES,IPAT, INRIT IECON
IF(IRES.LE.0) IRES =
IF(IPAT.LE.O) IPAT = o
IFCILIT.LE. D ILIT=1

CARD R3 *»**» READ RESERVOIR DESCRIPTION DATA
READ(IR,*) DEPTH,PFORM,TFORM

CARD R4 **%** READ RESERVOIR DESCRIPTION DATA
READ(IR,*) TNET,PERM,POROS

CARD RS ***%x READ INITIAL CONDITION DATA
READ(IR,*) SOI,SGI,SWI

CARD R6 ***xx READ FLUID PROPERTY DATA
READ(IR,*) API,VISO,BOI,BWI

CARD R7 *xx%*% READ CASE DATA

MODIFY READ TO INPUT A MAXIMUM BURN ZONE THICKNESS, BRNMX
BRNMX DEFAULTS TO 150 FEET, DISABLED BY -1.0

READ(IR,*) AREA,WELLSP,ARIN,FWA,SWEEP,BRNMX

END OF DATA INPUT (EXCEPT FDR LATER ECONOMIC DATA)

*##%% CHECK INPUT DATA FOR DEFAULTS
CALL CHEKR(KAS)

##e%% PRINT FORMATION INPUT
CALL OUT1

IF(IERR.GT.0) GO TO 109
RETURN

109 IF(IERR.NE.2) GO TO 110
IERR=1
RETURN

0 WRITE(IW,9314) IERR
9 4 FORMAT(1H0,46H  **x%% REQUIRED INPUT PARAMETER(S) NOT FOUND,/
& 41H  ***¥* PREDICTION RUN TERMINATED, IERR=,I8)
IERR = 1
RETURN
END
SUBROUTINE CHEKR(KAS)
COMMON /FLAGS/ 1J1
1 IRES, IPAT, IWRIT, IECON, IERR,
IR, fw, IP, NZONE’

COMMON /RESVR/

ECI

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
CHEKR
CHEKR
FLAGS
FLAGS
FLAGS
FLAGS
RESVR



1 DEPTH, PFORM, TFORM, TNET,
2 PERM,  POROS, VISD, VISW, BOI, BWI,
3 AREA, WELLSP, SOI,  SWI SGI,  BRNMX,
4 0IP, WIP, = GIP TOTOIL, TVP,  SWEEP,
S ARIN, ARINJ, PINJ, WELLSI, HPP, PDP,
. b AREAP, FWA, ' ODILBF, PATVOL, AFR, @R
COMMON /FPROP/
* API, RS, VISBO, VIS100, VIS210, VIS1, VISR, SGO, SGW, SGG,
. ! BB(42)
COMMON /SPECPR/ TNETOR
c
¢
¢ **x%% DEFAULT CHECKING - FORMATION, AND CASE DATA
C  REQUIRED DATA ARE : API - API GRAVITY OF OIL
c DEPTH - RESERVOIR DEPTH
C TNET - NET PAY THICKNESS
c PERM - AVERAGE FORMATION PERMEABILITY
c POROS - AVERAGE FORMATION POROSITY
c AREA - DEVELOPED AREA
¢ WELLSP - NO. PRODUCING WELLS
¢ PROGRAM WILL TERMINATE IF ABOVE DATA ARE NOT INPUT
C e o e e e e o st o i e o e e e e .
C
C
ERROR = 99999.99999
. UNIT = 1000.
C xxx%% CHECK API GRAVITY
IF(API .NE. 0.0) GO TO 100
IERR = 3
API = ERROR
WRITE(IW,9001)
(7001 FORMAT( 5X ,42H%**%* REQUIRED OIL GRAVITY NOT INPUT *¥*¥%)
100 S60 = 141.5/(API + 131.5)
SGW = 1.0
. SG6 = 0.8
E *%#%% CHECK DEPTH
IF(DEPTH .GT. 0.0) GO TO 150
DEPTH = ERROR
IERR = 4
WRITE(IW,9101)
(7101 FORMAT( 5X , 46H**%%% REQUIRED FORMATION DEPTH NOT INPUT *¥%%%)
¢ ##x%%x CHECK FOR INITIAL TEMPERATURE AND PRESSURE
150 TBRG = 70.0
IF(TFORM .GT. 0.0) GO TO 175
BG6RAD=0.011
. TFORM = TGRG + DEPTH*GGRAD
C *%¥x%x ASSUME PARTIALLY DEPLETED RESERVOIR
175 PGRAD = 0.433 / 2.0
- IF(PFORM .LE, 0.0) PFORM = 14.7 + DEPTH*PGRAD
¢ »xxx% CHECK NET PAY THICKNESS

201

IF(TNET .GT. 0.0) GO TO 300

TNET = ERROR

IERR = 5

WRITE(IW,201)

FORMAT ( 5X,44H***** REQUIRED NET THICKNESS NOT INPUT %*%%%%)

RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
FPROP
FPROP
FPROP
FPROP
LKT7

SPECPAR

CHEKR
CHEKR
CHEKR
CHEKR
LKT1

LKT1

LKT1

CHEKR
CHEKR
LKT1

LKT3

CHEKR
LKT1

CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
LKTS

CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR
CHEKR

FWUNF,OYDW— UL WNLOONCTUSW

(RS Ty

15



[plglwiw]

wlple] [wlplw wlwlie] oooon 0O

wiwlw]

a0 00

CALCULATE AND CHECK MAXIMUM BURN THICKNESS AND NUMBER

300

3001

301

400

9401

500

9501

600

9601

900

970
990

OF BURN ZONES IN THE RESERVOIR

NZONE = 1

IF(BRNMX.LT.0.0) GO _TO 3001

IF(BRNMX .LE. 1.0) BRNMX = 130.0

XZONE = TNET/BRNMX

NZONE = XZONE

IF( NZONE .LT7. XZONE ) NZONE = NZONE + 1
IF (XZ2ONE .LT. 1. ) NZONE = 1
CONTINUE

TNETOR = TNET

XZONE = NZONE

TNET = TNET / XZONE

IF(PERM .NE. 0.0) GO TO 400

*#*#%% CHECK FORMATION PERMEABILITY

PERM = ERROR
IERR = 6
WRITE(IW,301)

FORMAT( 5X,43H***x*x% REGUIRED PERMEABILITY NOT INPUT %%%%%)
*x%%% CHECK FORMATION POROSITY

IF(POROS .GT. 0.0) GO TO 500

POROS = ERROR

IERR =7

WRITE(IW,9401)

FORMAT ( 5X,39H***** REQUIRED POROSITY NOT INPUT #*#¥#x)

**¥x% CHECK DEVELOPED AREA

IF(AREA .GT. 0.0) GO TO 600

AREA = ERROR

IERR =18

WRITE(IW,9501)

FORMAT ( §X,45H***** REQUIRED, DEVELOPED AREA NOT INPUT %¥#%%)

**%%* CHECK NUMBER OF PRODUCING WELLS

IF(WELLSP .GT. 0.0) GO 7O 900
WELLSP = 1

IERR =9

WRITE(IW,9601)

FORMAT ( éX,QBH***** REGUIRED NO. OF WELLS NOT INPUT #*x%#%% )
**x%x% CALCULATE DEFAULT VALUES FOR VIS100 AND VIS210

RS = 100.

IF(API .LT. 10.) GO TO 970

VIS100 = BB(1) * API + BB{(2) + (( (BB{&6)/API + BB(35))/APl

1 + BB(4))/API + BB(3))/ API

VIS100 = EXP ( VIS100 )

VIiS210 = BB(7) * APl + BB(8) + (( (BB(12)/API + BB(11))/API

1 + BB(10))/API + BB(9))/API
VIS210 = EXP ( VIS210 )
G0 TO 990

VIS100 = 10.%#%(8.35928 -
VIS210 = 10.%%(3.15424 -
CONTINUE

*x%x% GET VISCOSITIES
IF(VISO .LE. 0.0) CALL VISC(PFORM,TFORM,VIS0O,VISW)

#x#%% GET FORMATION VOLUME FACTORS
CALL FVF (TFORM,PFORM,BOIS,BWIS)
IF(BOI .LE. 0.0) BOI = BOlS

.37539 * API)
.11862 * API)

CHEKR 66
CHEKR 67
CHEKR &8
CHEKR &9
CHEKR 70
CHEKR 71
CHEKR 72
LKT4 1
LKT4 2
LKT4 3
LKT4 &4
LKTe 49
LKT?7 &4
CHEKR 76
CHEKR 77
CHEKR 79
CHEKR 80
CHEKR 81
CHEKR 82
CHEKR 83
CHEKR 84
CHEKR 83
CHEKR 86
CHEKR 87
CHEKR 88
CHEKR 89
CHEKR 90
CHEKR 21
CHEKR 92
CHEKR 93
CHEKR 94
CHEKR 935
CHEKR 96
CHEKR 97
CHEKR 98
CHEKR 99
CHEKR100
CHEKR101
CHEKR102
CHEKR103
CHEKR104
CHEKR105
CHEKR106
CHEKR107
CHEKR108
CHEKR109
CHEKR110
CHEKR111
CHEKR112
CHEKR113
CHEKR114
CHEKR115
CHEKR114
CHEKR117
CHEKR118
CHEKR119
CHEKR120
CHEKR121
CHEKR122
CHEKR123
CHEKR124
CHEKR1235
CHEKR126
CHEKR127
CHEKR128
CHEKR129
CHEKR130
CHEKR131
CHEKR132
CHEKR133
CHEKR134
CHEKR135
CHEKR136
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C
c

IF(BWI .LE. 0.0) BWI = BWIS

CHEKR137

CHEKR138
»¥%%% SET UP INITIAL SATURATIONS LKT1 18
SGI = O. CHEKR140
IF(SWI .LE. 0.) SWI = 1. - SOI CHEKR141
1F(S01 .LE. 0.) S0I = 1. - SWI - SGI CHEKR142
CHEKR143
»*¥x%% CALCULATE TOTAL INITIAL OIL IN PLACE (MSTB) LKT3 15
AND TOTAL PORE VOLUME (M. RESV.BBLS.) CHEKR145
TVP = 43560. * AREA * TNET * POROS / S.614 / UNIT / UNIT CHEKR147
TOTOIL = TVP * SOI / BOI CHEKR148
CHEKR149
RETURN CHEKR150
END CHEKR151
SUBROUTINE OUT1 oUT1 2
ouTT 3
ouTT &
e e e GUTI S
COMMON STATEMENTS. ouT1T 6
e uTT 7
COMMON /FLAGS/ 1J1, FLAGS 2
1 IRES, IPAT, IWRIT, IECON, IERR, FLAGS 3
2 IR, IW, IP, NZONE FLABS &
FLABS 5
COMMON /RESVR/ RESVR 2
1 DEPTH, PFORM, TFORM, TNET, RESVR 3
2 PERM,  POROS, VYISO, VISW, BOI, BWI, RESVR &
3 AREA, WELLSP, SOI,  SWI SGI,  BRNMX, RESVR 5
4 OIP,’  WIP, = BIP TOTOIL, TVP,  SWEEP, RESVR &
S ARIN, ARINJ, PINJ, WELLSI, HPP, PDP, RESVR 7
& AREAP, FWA, OILBE, PATVOL, AFR, AR RESVR 8
RESVR 9
COMMON /FPROP/ FPROP 2
x API, RS, VIS80, VIS100, VIS210, VIS, VIS2, SBO, SGW, SGG, FPROP 3
1 BB(42) FPROP 4
FPROP S
COMMON /SPECPR/ TNETOR LKT7 1
SPECPAR3
QuUTT 12
e — - ouT1 13
#x%%x THIS SUBROUTINE OUTPUTS THE CASE CONTROL AND RESERVOIR OuT1 14
INPUT DATA ouTt 15
-------- — e QUT1 16
OUT1 17
**%%% WRITE CASE CONTROLS OuT: 18
WRITE(IW,9300) oUT1 19
9300 FORMAT(// 2X, 13HCASE CONTROLS / 2X,13(1H-) ) ouT1 20
WRITE(IW,930%) IRES,IPAT,IWRIT,IECON ouT1 21
9305 FORMAT( . ouUT1 22
1 3X,37HRECOVERY PREDICTION METHOD ...vv.n... , 18, B4 IRES / 0OUTL 23
1 3X,37HPATTERN CONTROL +nevevennennsnneonnnn > I8, B4 IPAT  / OUT1 24
1 3X,37HPRINT CONTROL +svvvvnneaneonenneennen , I8, BH IWRIT / LKTL 19
1 3X,37HECONOMIC ANALYSIS CONTROL . ..... ..., , 18] BH IECON ) ouTi 2
U
»*#%% WRITE FORMATION PROPERTIES AND INITIAL CONDITIONS OUT1 28
WRITE(IW,5340) OUTT 29
9340 FORMAT(/ 2X, 21HFORMATION PROPERITIES / 2X,21(1H-) ) oUT1 30
WRITE(IW,9350) DEPTH,PFORM, TFORM ouT1 31
9350 FORMAT( ouTt 32
1 3X,37HFORMATION DEPTH +vvuneeneeneennennan ,F10.1, 6H FEET /0UT1 33
1 3X,37HINITIAL PRESSURE v uvvunvennvsnnnvnnns JF10.1, 6H PSIA /0UT1 34
1 3X,37HINITIAL TEMPERATURE +nvvvveneennonnns JF10.1,10H DEG.F  )0UT1 35
WRITE(1W,9360) TNETOR, TNET,PERM,POROS LKT7 5
9360 FORMAT ( ouTl 37
1 3X,37HFORMATION NET THICKNESS (PAY) ....... ,F10.1,10H FEET /O0UTT 38
1 3X,37HBURN ZONE THICKNESS (PAY) vevenvvnns. JF10.1,10H FEET  / LKT2 50
1 3X)37HFORMATION PERMEABILITY vuvvunvvnnnn.. JF10.1, 6H MD /0UTT 40
1 3X,37HFORMATION POROSITY wvuevnnnvvnnnvnnns JF10.4;10H FRACTION )QUTI 41
*x%xx% WRITE INITIAL CONDITIONS OUT1 43
WRITE(IW,9400) OUT1 44
9400 FORMAT(/ 2X, 1BHINITIAL CONDITIONS / 2X,1B8(1H-) ) OUTL 45



C
c
C

Ce——

WRITE(IW 9405) SOI SGI,SWI,API,

1 viso, BOI,
9405 FORMAT (

ouT1
OuT!
ouT1

1 3X,37HINITIAL OIL SATURATION vueevvennnnees ,F10.4,10H FRACTION/ OUT1
1 3X,37HINITIAL GAS SATURATION uvvvnnonn.. .. F10.4,10H FRACTION/ OUT1
1 3X,37HINITIAL WATER SATURATION ......... .. F10.4.10H FRACTION/ OUT1
1 3X)37HOIL BGRAVITY +'vvennennsesennnn ~e....JF10.2,10H DEG.API / LKT1
1 3X.37HDEAD OIL VISCOSITY wevvvveennnnnnnnns JF10.2, 6H CP / OUT1
1 3X,37HOIL FORMATION VOLUME FACTOR +evevw... JF10.4,10H RB/STB / OUTI
1 3X,37HWATER FORMATION VOLUME FACTOR ....... JF10.4,10H RB/STB /)0UT1
XZONE =NZONE LKT1
WRITE(IW,9410) AREA, WELLSP, TOTOIL, TVP , XZONE LKTS
9410 FORMAT( OUT1
1 3X,37HTOTAL DEVELOPED AREA +ueveeencennnens ,F10.2,10H ACRES /0UT1
1 3X)37HND. OF PRODUCING WELLS ..uvwveuneeenes JF10.2,10H WELLSP  /0UT1
1 3X,37HTOTAL INITIAL OIL IN PLACE/BURN ZONE.,F10.1,10H MM.STB  /LKT1
1 3X)37HINITIAL PORE VOLUME/BURN ZONE ....... .)F10.1.10H MM.RES.B /LKT1
1 3X,37HNO. BURN ZONES +.uveeeoncoccnnnnneenn F10.13 LKT1
ouT1
OUT1
RETURN oUT1
END OUT1
SUBROUTINE RESV RESV
RESV
RESV
S ——— RESV
COMMON STATEMENTS. RESV
o RESV
COMMON /FLABS/ 1J1, \ FLAGS
1 IRES, IPAT, IWRIT, IECON, IERR, FLAGS
2 IR, Iw, IP, NZONE’ FLAGS
FLAGS
COMMON /RESVR/ RESVR
1 DEPTH, PFORM, TFORM, TNET, RESVR
2 PERM,  POROS, VISO, VISW, BOI, BWI, RESVR
3 AREA, WELLSP, SOI, SWI SGI,  BRNMX, RESVR
4 0IP, WIP TOTOIL, TVP,  SWEEP, RESVR
5 ARIN, ARINJ, PINi WELLSI, HPP, PDP, RESVR
& AREAP, FWA, OILBF, PATVOL, AFR, AR ggggg
COMMON /FPROP/ FPROP
* API, RS, VISBO, VIS100, VIS0, VISt, VIS2, SG0, SGW, SGG, FPROP
1 BB(42) ' FPROP
FPROP
COMMON /REPORT/ REPORT
1 CUMDIL(200), CUMGAS(200), CUMWAT(200), CUMOB(200), REPORT
2 CUMIA(200), CUMIW(200), CUMAW(200),  FOSC(200), FOSI(200), REPORT
3 PROIL(200), PRGAS(200), PRWAT(200), AIRA(200) WATQ(200),  REPORT
4 TIME(200) DTIME(200), FRVS(200), RECOV(200}, REPORT
6 PRODS(200) REPORT
REPORT
RESY
—— RESV
*%%%% CALCULATE RESERVOIR PERFORMANCE gggx
RESV
CALL COEF1 (IRES WELLSP, AREA, TNET, PERM, VISO, PFORM, RESV
SWEEP. ARINJ, PINJ. AREAP, WELLSI, FWA) RESV
IF(ARIN .GT. 0.0} ARINI = ARIN’ RESV
CALL COMB RESV
RESV
RESV
RETURN RESV
END RESV
SUBROUTINE COEF1 (IRES, WELLSP, AREA, TNET, PERM, VISO, PRES, COEF1
1 SWEEP, ARINJ, PINJ, AREAP, WELUSI, FWA) COEF1
EoEF 1
xxxxx CALC INPUT PARAMETERS FOR INSITU COMBUSTION cggg%
jalelall C
COEF1
INPUT VARIABLES COEF1
COEF1
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IRES = PREDICTION METHOD

WELLSP = NUMBER OF PRODUCING WELLS IN DEVELOPED AREA
AREA = DEVELOPED AREA, ACRES

TNET = RESERVOIR THICKNESS, FT

PERM = RESERVOIR PERMEABILITY, MD

viso = DEAD OIL VISCOSITY AT 3TP, CP

PRES = INITIAL RESERVOIR PRESSURé, PSIA
OUTPUT VARIABLES

ARINJ = AIR INJECTION RATE, MSCF/D

PINJ = AIR INJECTION PRESéURE, pPsSia

AREAP = PATTERN AREA, ACRES

WELLSI = NUMBER OF INJECTION WELLS IN DEVELOPED AREA
FWA = WATER / AIR RATIO, STB/MSCF

*#%x% CALC NUMBER OF INJECTORS..
WELLSI = WELLSP/2.0

*x¥x% CALC PATTERN AREA
AREAP = AREA /. WELLSI ,
PATVOL = AREAP * TNET 500

IF(PATVOL .LT. 200.) PATVOL =
AREAP = PATVOL / TNET
IF(PATVOL .LE. 200.) WELLSI = AREA/AREAP

IWELLS = IFIX(WELLSI)

*¥#%% DETERMINE IF WET COMBUSTION (FWA.LT.O FOR DEFAULT)
IF(FWA.GE.0.0) GO TO 10

FWA = 0.0

IF(PERM.GE.100. .AND. VISO.GE.10.) FWA = 1.0

*xxx%x CALC AIR REQUIREMENT: MSCF/FT3 RESV
*%%%% GARON/WYGOL DATA
AR = 0.073 * ALOG1O(VISO) + 0.20 - 0.100 * FWA

**xx% CALC SWEEP BASED ON PATTERN AREA
IF(SWEEP.GT.0.0) GO TO 20

SWEEP = 0.40

IF(AREAP.LT.20.) SWEEP = 0.50
IF(AREAP.LT.5.0) SWEEP = 0.60

*xx%% CALC AIR INJECTION RATE BASED ON

*%x%% 60 PCNT BURNED OVER 10 YEAR LIFE

PLIFE = 10.0

ARINJ = 43560. * PATVOL * SWEEP * AR /3&5./PLIFE

*%%%% MODIFIED RADIAL FLOW
PINJ = (ARINJ * ALOG(626.*AREAP%*%0.5) / (2.2%10.%*(-5.0-FWA)
* PERM * TNET) + PRES # PRES) *%0.5

1
IF(PINJ .LT. PRES) PINJ = PRES + 200.

RETURN
END
SUBROUTINE COMB

*%%%% PREDICT COMBUSTION PERFORMANCE
*x*%% BRIGHAM, SATMAN, AND SOLIMAN (JPT - DEC,1980)

INPUT VARIABLES

s01 = INITIAL OIL SATURATION, FRACTION
TNET = RESERVOIR THICKNESS, FT.

POROS = RESERVOIR POROSITY, FRACTION
AREAP = PATTERN AREA, ACRES

VIS0 = DEAD OIL VISCOSITY AT STP, CP
FWA = WATER / AIR RATIO, STB/MSCF
ARINJ = AIR INJECTION RATE, MSCF/D

PINJ = AIR INJECTION PRESSURE, PSIA

OUTPUT VARIABLES

COEF1
COEF1
COEF1
LKT1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF!
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
LKT1
COEF 1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
LKT1
COEF1
COEF1
COEF1
COEF1
COEF1
COEF1
COMB
CoMB
COMB
COMB
ComMB
€OMB
COMB
COMB
COMB
COMB
comMB
COMB
COMB
COMB
CoMB
COMB
COMB
comB
CoMB
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CUMWAT

AIRE
WATE
PROIL
PRGAS
PRWAT

TOPK
TIME
HPP
AR

[ T T 1]

wnuu

CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE
CUMULATIVE

AIR INJECTION RATE,
WATR INJECTION RATE,
OIL PRODUCTION RATE,
GAS PRODUCTION RATE,
WATR PRODUCTION RATE,

0IL PEAK TIME, YEARS

TIME ARRAY, YEARS

COMPRESSOR HORSEPOWER PER PATTERN
AIR REGUIREMENT, MSCF/FT3 RESV

OIL BURNED AS FUEL
AIR INJECTED, MMSCP
WATER INJECTED, MSTB
EQUIV AIR INJEGTED FOR WET COMB, MMSCF
INCREMENTAL OIL PROD, MSTB

INCREMENTAL GAS PROD, MMSCF
INCREMENTAL WTR PROD, MSTB

MSCF/D
STB/D
STB/D
MSCF /D
STB/D

MSTB

1
2

1
2
3
4
]
b

1
2
3
4
6

COMMON STAT

COMMON /FLA
IRES, IPAT
IR, iW, IP

COMMON /RES
DEPTH, PF
PERM, PO
AREA, WE
0IP, WI
ARIN, AR
AREAP, FW

COMMON /REP
CUMOIL (200
CUMIA(200)
PROIL(200)
TIME(200),
PRODS(200)

*%%%% INI
AIROLD
WATOLD
OILOLD
GASOLD
WAPOLD
DTS

TOPK
UNIT

*%%x% PATTE

I

wuwn -

XXL
PDP
HPP

*xx%% CALC

OXYGE

/

CORRE
OILBF
AR

EMENTS.

6s/ 131,

, IWRIT, IECON, IERR,

, NZONE

VR/

ORM, TFORM, TNET,

ROS, VISO, VISW, BOI, BWI,

LLSP, 501, SWI SGI,  BRNMX,

P, ~ GIP TOTOIL, TVP,  SWEEP,

INJ, PINJ, WELLSI, HPP, PDP,

A, OILBE, PATVOL, AFR, @R

ORT/

), CUMBAS(200), CUMWAT(200), CUMOB(200),

.’ CUMIW(200),  CUMAW(200), FOSC(200), FOSI(200),

. PRGAS(200), PRWAT(200), AIRA(200), WATR(200),
DTIME(200), FRVS(200), RECOV(200),

ALIZE

0.0

0.0

0.0

0.0

0.0

0.50

1.0

1000.

RN HORSEPOWER

DEPTH + 1300.

1.2 * (1.81E-6%XXL*ARINI*ARINT + PINJI*PINJ) ** 0.5
ARINJ/UNIT * 48.13 * PDP#x0.23

BRIGHAM CORRELATION CONSTANTS
DIMENSIONLESS

INVERSE BBLS

OIL IN PLACE AT START, MSTB

N UTILIZATION OF 95% IS ASSUMED FOR C2 CALC
0.427 * SOI - 0.00135 * TNET + 2.196/VIS0*#%0.25
0.95/((AREAP * TNET * 7758./B0I) * (1.-POR0OS))
7758. * POROS * SOI * AREAP * TNET

BOI / UNIT

LATION - NPC
FINAL OIL BURNED: STB/ACRE-FT
AIR REQUIREMENT: MSCF/FT3 RESV
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*#x¥%% AFR = AIR / FUEL RATIO: MSCF/STB OIL BURNED
OILBF = 43.20 * ALOG1O(VISO) + 125.0 - 62.25 * FWA
AR = 0.073 * ALOG10(VISO) + 0.20 - 0.100 * FWA
AFR = 70.0

*x%%% MAIN LOOP FOR INJECTION AND PRODUCTION CALC

DO 100 1 = 2,200

DT = DTS

IF(TIME(I-1) .LT. TOPK) DT = DTS/2.
TIME(I) TIME(I 1) + DT

*x##% CHECK FOR EARLY TIME FILL-UP
AINJ = ARINJ
IF(TIME(I) .LT. TOPK) AINJ = ARINI*TIME(I)/TOPK

**¥%x% CALC CUM INJECTED

CUMIA(I) = CUMIA(I-1) + AINJ # DT * 365.25 / UNIT

CUMIW(I) = CUMIW(I-1) + 0.5 *# FWA * AINJ * DT * 365.25 / UNIT
CUMAW(TI) = CUMIAC(I) + CUMIWCI)

*%#%x% CALC OIL BURNED THIS STEP

CUMOB(I) = CUMIA(I) / AFR

*#¥%% VS = BURNED VOLUME, FRACTION OF PATTERN VOLUME

#xx%%x UB = INCREMENTAL BURNED VOLUME, ACRE-FT.

VS = CUMIA(I) * UNIT / AR / (TNET * AREAP * 43560.)

VB = (CUMIA(I) - CUMIA(I-1)) * UNIT / AR / 43560.

*x*%%% CALC OIL PRODUCTION USING FIT TO BRIGHAMS 2ND GRAPH
*x%x% CORRELATION EXTRAPOLATED TO 100 PCNT RECOVERY

*¥%%% ASSUME NO INITIAL GAS SATURATION

**xxx% SWR = RESIDUAL WATER SATURATION AFTER BURN

SWR 0.20
X Cl *» C2 * CUMAW(I) * UNIT
DUMMY 0.581 * X*x0.82

CUMDIL(I) = OIP % 0.64 * ATAN(DUMMY) - CUMOB(I)

*#x%% GAS PRODUCED = AIR INJECTED - GAS IN BURN VOLUME
*x%%% ASSUMES B00 DEG.R FOR BURN VOLUME AT PINJ
CUMBAS(I) = CUMGAS(I-1) + (0.93 * AINJ * DT * 365.25

1 - (1.-SWR*FWA) * 1.93 * VB * PINJ * PORDOS) / UNIT
IF(CUMGAS(I) .LT. 0.0) CUMGAS(I) = 0.0

*%%¥% WAT PRODUCED = WAT INJECTED - WATER IN BURN VOLUME
CUMNAT(I) = CUMWAT(I-1) + (FWA * AINJ * DT * 365.25
1 (1. = SWRxFWA - SOI) * VB ¥ 7738. * POROS / BWI) / UNIT
IF(CUMNAT(I) LT. 0.0) CUMWAT(I) = 0.0 :

*#x%%% CALC. RATES AND RECOVERY AT THIS TIME

iwwn

AIRG(I) = (CUMIA(I) - AIROLD) / (365.25*#DT) * UNIT
WATG(I) = (CUMIW(I) - WATOLD) / (365.25%DT) #* UNIT
PROIL(I) = (CUMDIL(I) - OILOLD) / (365.25%DT) * UNIT
PRGAS(I) = (CUMBAS(I) — GASOLD) / (365.25%DT) % UNIT
PRWAT(1) = (CUMWAT(I) - WAPOLD) / (365.25%DT) * UNIT
RECOV(I) = CUMOIL(I) / OIP

FOSC(1) = 0.0

IF(CUMOIL(I).G6T.0.0) FOSC(I) = CUMIA(I) / CUMOIL(I)
FOSI(I) = PROIL(I) / AIRQ(I)

FRVS(I} = VS

**%%% SAVE OLD VALUES

AIROLD = CUMIA(I)

WATOLD = CUMIW(I)

OILOLD = CUMOIL(I)

GASOLD = CUMGAS(1)

WAPOLD = CUMWAT(I)

**%¥% CHECK IF DONE - VOLUME SWEPT (BURNED)

COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
ComMB
COMB
ComMB
COMB
CoMB
CoMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COoMB
COMB
COMB
COMB
COMB
COMB
CoMB
COMB
COMB
CoMB
COMB
CoMB
COMB
COoMB
COMB
COMB
COMB
COMB
CoMB
COMB
COMB
CoMB
cOomMB
CoMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
COMB
CoMB
CoMB
COMB
CoMB
ComMB
CcomMB
CoMB
CoMB
COMB
COMB
COMB
COMB
CoMB
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IF(VS .BE. SWEEP) GO TO 3000 COMB 1
C COMB 1
100 CONTINUE COMB 1
OIP = OIP * FLOAT(NZONE) COMB 1
I = 200 COMB 1
c COMB 1
3000 1J1 = 1 COMB 1
RETURN COMB 1
END COMB 1
SUBROUTINE OUTR OUTR
C OUTR
C GUTR
C-—- e e e OUTR
c COMMON STATEMENTS. OUTR
B e e e e e - OUTR
COMMON /FLAGS/ 1J1, FLAGS
1 IRES, IPAT, IWRIT, IECON, IERR, FLAGS
2 IR, 1w, 1P, NZONE’ FLAGS
C FLAGS
COMMON /RESVR/ RESVR
1 DEPTH, PFORM, TFORM, TNET, RESVR
2 PERM, POROS, VISO, VISW, BOI, BWI, RESVR
3 AREA, WELLSP, SOI, SWI SGI, BRNMX, RESVR
4 0IP, WIP, GIP, TOTOIL, TVP,  SWEEP, RESVR
5 ARIN, ARINI, PINJ, WELLSI, HPP,  PDP, RESVR
& AREAP, FWA, OILBF, PATVOL, AFR, AR RESVR
» RESVR
COMMON /REPORT/ REPORT
1 CUMOIL(200), CUMGAS(200), CUMWAT(200), CUMOB(200), REPORT
2 CUMIA(200), CUMIW(200),  CUMAW(200), FOSC(200), FOSI(200), REPORT
3 PROIL(200), PRGAS(200), PRWAT(200), AIRD(200) WATG(200),  REPORT
4 TIME(200), DTIME(200), FRVS(200),  RECOV(200}, REPORT
6 PRODS (2003 REPORT
C REPORT
C OUTR
C — — —— — - OUTR
g *%%x% WRITE RESERVOIR RECOVERY AND PRODUCTION REPORTS 83¥§
c OUTR
UNIT = 1000.0 OUTR
WRITE(IW,9001) OUTR
9001 FORMAT(1H1) OUTR
C OUTR
RECO = RECOV(IJ1) OUTR
WRITE(IW,5075) PINJ, ARINI, AR, AFR, FWA, OUTR
1 SWEEP, PDP, HPP, OIP, AREAP, REC OUTR
9075 FORMAT(2X, 14HPATTERN REPORT / ex 14(1H-) / OUTR
1 3X,35SHINJECTION PRESSURE +vuevoveonns .e..,F10.1,10H PSIA / DOUTR
1 3X)35HAIR INJECTION RATE .....v.vevees.e.5F10.1,10H MSCF/D__ / OUTR
1 3X,35HAIR REQUIREMENT ........ i, ~...)F10.4,10H MSCF/FT3 / OUTR
1 3X)35HAIR / FUEL RATIO +nvvervnvennenn ... JF10.1.10H MSCF/STB / OUTR
1 3X.35HWATER / AIR RATID ...uvevun.. PP "F10.1,10H STB/MSCF / OUTR
1 3X,35HMAXIMUM VOLUME SWEPT ...evvivennen. F10.4, 8H FRACTN / OUTR
1 3X.35HDISCHARGE PRESSURE ..vuvvvw.. io. ... F10.1,10H PSIA / OUTR
1 3X,35HCOMPRESSOR HORSEPOWER & .vvasaaesnes JF10.1,10H HP / OUTR
1 3X.35HINITIAL OIL IN PLACE/BURN ZONE ....,F10.1,10H MSTB / LKT1
1 3X.35HPATTERN AREA ..... ot eenasasannsanan F10.2, B8H ACRES / LKT1
1 3X,35HOIL RECOVERY wnvuvvevvrnenenen DR JF10.4, 84 FRACTN //) gg¥g
IF(IWRIT.LE.O) BO TO 900 OUTR
C OUTR
C xx%%% WRITE PATTERN REPORT OUTR
WRITE(IW,9101) OUTR
9101 FORMAT (23X SQHCDMBUSTIDN PATTERN RECOVERY REPORT (FOR ONE BURN ZONLKT1
1E) / 25X, 54(1H-) LKT1
WRITE(IW.9102) OUTR
9102 FORMAT( OUTR
1 5X, 1104 TIME OIL RATE CUM OIL CUM WASTE CUM wATER CUM AIR OUTR
1 CUM WATER CUM RATIO FRAC PAT  OIL RECV KTS
2 Sx, 110H YEARS _ STB/D PROD,MSTB GAS,MMSCF PROD, MSTB INJ,MMSCF OUTR
2 "IRI,MSTB  AIR/OIL VOL BURNED FRACTION LKTS
3 5X, 110H ————= ——==——mm OUTR
3 - —— ) OUTR

oo uisfwu—=oNoc S wOONCOPFWNUISWUNcCUBIFWD
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MOIL(I),CUMBAS(I),CUMWAT(I),
), RECOV(I)
0.0, F9.0, 1X,F10.0,

T~
>< 20 =t
- o
U=
mM~0
o

9103 FORMAT(
1 F10.2,
150 CONTINOE

¢ *%%%% PRODUCTION/INJECTION REPORT
WRITE(IW,9001)
900 WRITE(IW,9901)
9901 FORMAT (13X ,5SHPATTERN PRODUCTION/INJECTION REPORT (FOR ONE BURN ZO
INE) / 15X, 55(1H-) /)
WRITE(IW,%902)
9902 FORMAT (

1 6X, BOH TIME _ OIL  WASTE GAS WATER PROD AIR INJ WAT INJ
1 COM OIL RECOVERY /
2 6X, BOH YEARS _ STB/D MSCF /D STB/D MSCF/D  STB/D
2 'MBBL  FRACTION /
3 6X, B0H --—-- - e N
3 —m i e )

DO 950 I=1,1J1

WRITE (IW,9903) I,TIME(I),PROIL(I),PRGAS(I),PRWAT(I),AIRQ(I),
1 WATB(I), CUMOIL{I),RECOV(I)

]
{
9903 FORMAT(1X,13,FB.2, 9.1, F10.1, 1X,2F10.1, F9.1,
1 2X,F9.1, 2X.F9.4, 2X,F9.1, 2X,F9.1 )
. 950 CONTINUE
RETURN
END
SUBROUTINE FVF (TEMP,PRES,BO,BW)

COMMON_/FPROP/

* API, RS, VISB0, VISioO0, VISeio, VISI, vIS2, SGO, SGW, SGG,
1 BB(42)
C
C
C—m—mmrr e e ————————————————

C »»xxxxx ESTIMATE OIL, GAS AND WATER FORMATION VOLUME FACTORS

o e e e e e
c
c ESTIMATE OIL VOLUME FACTORS
C REF: VAZQUEZ & BEGGS,JPT (6/1980) PG. 96B-970
E CORRELATIONS FOR UNDERSATURATED OILS USED
RSS = RS
IF(API.GT7.30.0) 60 TO 4670
C1=4,677E-4
Ce=1.751E-5
C3=-1.8B11E-8
G0 TO 680
670 Cl=4.67E-4
Ce=1.1E-5
c €3=1.337E-9
cC **%x% CALC BO IN UNITS OF RES BBLS/STB
680 IF(TEMP.LT.60.) TEMP = 40.
c BO = 1.0+C1#RS5+(C2+C3%RS)*(TEMP-60.0)* (API/5GG)
c **%%% BW IN UNITS OF RES BBLS/STB
BW = 1.0+1.2E~-4%(TEMP-60.0)+1.E~-6*%(TEMP-60.0)%%2.0
c & -3.33E-6*PRES
c *x¥%%x% CALC DENSITIES
RHOIL = 62.4%560/B0
RHWAT = 62.4%5GW/BW
c RS = RSS
RETURN
END
c SUBROUTINE VISC(PRES, TEMP,VISO,VISW)

COMMON /FPROP/
~* API, RS, VISBO, VIS100, VIS210, VIS1, VIS2, 560, SGW, SGG,

OUTR
OUTR
OUTR
OUTR
OUTR
OUTR
OUTR
OUTR
OUTR
OUTR
LKT1
LKT1
QUTR
OUTR
LKTS
OUTR
OUTR
OUTR
QUTR
QUTR
OUTR
OUTR
OUTR
DUTR
OUTR
BUTR
QUTR
OUTR
QUTR
FUF
FVF
FPROP
FPROP
FPROP
FPROP
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVE
FUF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
FVF
VISC
VISC
FPROP
FPROP
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1

BB(42)

*x¥x% THIS SUBROUTINE CALCULATES THE VISCOSITY OF
*xx%% OIL AND WATER

*¥#%% OIL VISCOSITY CALCULATION AT CONSTANT COMPOSITION

YINT=1.0 .

SLOPE=1.0

IF(TEMP.LE.O.) RETURN

IF(VIS100.LE.0.) GO TO 300

VIS = VIS100#(TEMP/100.)*%(1.345#AL0OG(VIS210/VIS100))

YINT = 1. - (0.0023 * RS):

SLOPE = 1.0 - (0.00175 * RS)

IF(RS.LT.20.) GO TO 140

IF(R5.GE.100.) GO TO 138

YINT = BB(13) * RS + BB(14) + (( (BB(18)/RS + BB(17)) / RS

+ BB(16)) / RS + BB(15)) / RS

SLOPE = BB(25) * RS + BB(26) + BB(27) / RS + BB(28) / RS *x 2
+ BB(29) / RS #x3 + BB(30) / RS *x 4

GO0 TO 140

138 CONTINUE

140 VISO = YINT * (VIS**SLOPE

300

10
15

16

1
1

1

YINT = BB(19) % RS + BB(
+ BB(23) / RS #x 3 + BB
SLOPE = BB(31) * RS + BB
+BB(33) / RS #* 3 + BB(

/ RS %% 4
/ RS *x &4

*#x#¥x CHECK MINIMUM OIL VISCOSITY OF 0.2 CPS
IF(VISO .LT. 0.2) VISO = 0.2

CALCULATE WATER VISCOSITY
TAV = TEMP

VISW = BB(37)*TAV + BB(38) + (( (BB(42)/TAV + BB(41))/TAV

+ BB(40))/TAV + BB(39))/TAV
RETURN
END

FUNCTION SDINT (XARG,YARG,N,XVAL)
*xxxx SINGLE DIMENSIONAL LINEAR INTERPOLATION
DIMENSION XARG(200), YARG(200)

THESIN=1
IF (XARG (1) .GE.XARG(N)) THESIN=-1.

#*%%x SEARCH FOR BOUNDING TABLE VALUES
DO 10 I=1,N

J =1
IF( (THESIN*XARG(I)) - (THESIN*XVAL) ) 10,15,16
CONTINUE

SDINT = YARG(J)
RETURN

IF(J.LE.1) GO TO 15

SLOPE = (YARG(J)-YARG(J-1))/(XARG(J)-XARG(JI~1))
SDINT = YARG(J) - SLOPE*(XARG(J)-XVAL)

RETURN

END
SUBROUTINE INEC (ITIM,PRICEI,FDC,FEQP,FOPR,FUEL ,FACT)

?gz)+ BB(21) / RS + BB(22) / RS *x 2
(32) + BB(33) / RS + BB(34) / RS %% 2
3?)

FPROP
FPROP
VISC
VISC
VIsC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VisC
VIsC
VISC
VISC
VISC
VIsC
VISC
VIsC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VISC

COMMON STATEMENTS

1

COMMON /FLAGS/ 13J1,
IRES, IPAT, IWRIT, IECON, 1ERR,

2 IR, iw, IP, NZONE’
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COMMON /ECI/ M,MYR,IOUT,ISTATE,IDIST,IFIT,IDISC, IFUL,IS0, IDEP,
1 PCTDBT, DBTINT, NVRRPY, NYPAaID, IDEBT,
1 CCOST, GTRT, = WTRT, CTACR, DCE, PLANT,
1 wocost, wrcosT, wpcodT,cosTMl,costTI,
1 WCAP, ~ UNCO, ~WPP, COSTRT, FOCPL, FOCPM, FOCPH
1 WPP1, WPP2, WPP3, WPP4, 'POBASE, OILB, OILC, DECL,
1 XDR XINF,  XROY, XSEV, XWPT, XFIT, XTCR, DTIM, XSTX,
1 WPHO, EPHO, BTIM, BPOW
1 ESCPO, ESCPG, ESCPF, ESCFO, ESCED,
1 ESCCT, ESCCI, ESCWO, ESCWT, ESCWI, ESCBP,
1 BILR(30), vOS(50), .
1 POL(50), POM(50), POH(50), PGL(S0), PGM(50), PGH(50),
2 FOCL (50}, FOCM(S03, FOCH(S0},0PCL (505 ,0PCM(50}, OPCH(S03,
3 EDPL(50), EDPM(50), EDPH(50),WTC(50), WDC(50), CML(50),
4 CTPL(50), CTPM(50), ETPH(50),CIPL(503,CIPM(50}, CIPH(S0),
4 CTCL(50), CTCM(50), CTCH(50),CICL(50),CICM(50), CICH(50),
5 VOL{50), VOM(50), VOH(50), WO(50),  BPO(50), CTI(50)
6 VGM(50), VWM(50), VIM(50), GNUM(58),GENC(505, TITL(20),
6 QHM(50), VHM(50), VDM(50), GHP(50), VHP(50)
7 VOP(50), VGP(50), VWP(50), VIP(50)., PATI(S0}, PATIOX(S0)
COMMON /ECC/
1 MUVO(50), MUVB(50), MUVW(S0), MUVI(S0),
1 MUPO(50), MUPG(50), MUWO(50) .
2 MUF0(50), MUOPC(S0},MUED(50). MUCT(S0), MUCI(S0),
2 MUDB(50), MURP(S0), MUIN(50), MUPB(50)
3 SIGVO(50),SIGPO(503,SI6PG (50} ,SIGPF (50} ,S1GF0(S0),
4 SIGED(50),SIGCT(50),5I6CI(50),5IGOPC(S0)

REAL

1 MUVO,MUVG,MUVW, MUVI , MUDB,MURP ,MUIN, MUPB,

2 MUPDéMUPB,MUFD,MUED,MUHO,MUCT,MUCI,

3 MUOP
COMMON /ECS/
1 SUMVOM, COSR,
1 CINJ, ~ CE@P,
1 URPV,  UNOS,
1 UWCAP, USWT,
1 UWPT,” USIT,
2 SRPY,  SNOS,
2 SUMOR, sumMl,
4 SUMIN,
REAL MUPPV
COMMON /ECO/
1 DATE(50), VOSLD
1 VBNET(50} ,AREVO
2 ARDY(S50), ANET(
2 ACML(50), ATIN(
3 AFOC(50), AVOC(
4 AWPP(50), ANIP(
4 ABOR(50), AGGR(
S ANOI(50), ASTX(
6 CFAT(50), CDAT(
7 CFBT(50), CDBT(
COMMON /RESVR/
1 DEPTH, PFORM,
2 PERM,  POROS
3 AREA,  WELLSP,
4 0IP, WIP,
S ARIN, ARINJ,
5 AREAP, FWA,

COMMON /REPORT/

707D,
CSEC,
USEV,
USWD,
UFIT,

SUMCI, SvOS,
CNVT, CREP,
USFO, USOPC,
USOH, USTC,
UATP, UINT

SVGS, SVPS,
CDAD, CIWO,
USED, USWO,
USCI, UCFB,
ULOAN,SINT, SPRP

SVIS, SUMWT,

usTo,
USML, USTI,

SSEV, SUMFO,SUMOPE,SUMED, SUMWG , SUMWD,

, SUMT I B
MUPPYV, STDDEV, PAYOUT, PLIFE, ROR,
SUMWC, DNB, SVON, EFFINV

dguaanuaig ~~

DCF
cc,

50) ,VONET(50) ,A0VH(50), AOVH1
S0) ,AREVE (50) , ARVWPT (50) , AREV (50) ,

0), ASEV(50), AWTC(S50),  AWDC(50),

0), AINJ(50),

0), AEDP(50), ACOST(50), ACAP(50),

0), TXCR(50), DEPS(50),  AWCP(50),

0), ARWR(50), ARIR(50),

0), AWPT(50), ANTI(S50), AFIT(50), ATPR(50),
0), DCFAT(50},PVDF(50), CNOI(50),

0), DCFBT(50)

TFORM, TNET,

ViSO, VISW, BOI, BWI,

S0, SWI SGI,  BRNMX

BIP TOTOIL, TVP,  SWEEP,

PINJ, WELLSI, HPP, PDP,

OILBF, PATVOL, AFR,

CUMDIL{(200), CUMGAS(200), CUMWAT(200),

1
2 CUMIA(200),
3 PROIL(200) .
4 TIME(200)

6 PRODS(200)

CUMIW(200),
PRGAS(200),
DTIME(200),

CUMAW(200) ,
PRWAT (200) ,
FRVS(200),

CUMOB(200) ,

FOSC(200),  FOSI(200),
AIR@(200) WATQ(200)
RECOV (2003,

ECO
ECO
ECO
ECO
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
RESVR
REPORT
REPORT
REPCRT
REPORT
REPORT
REPORT
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REPORT 8

COMMON /FPROP/ - FPROP 2

* API, RS, vIS80, VvIS100, vIS2i0, VISi, VvIS2, SGO, SGW, SGG, FPROP 3

1 BB(42) FPROP &4
FPROP S

C INEC 16
G996 363966 23636 9690360363300 36 36 6 EIE6 0606363360 262036 3636 3 3 I H IR KRN RN NN X% %X R INEC 17
c INEC 18
c : INEC 19
C CAPITAL COSTS INEC 20
C  —————m————— INEC 2t
c CCOST - AIR COMPRESSORS COST $/HP INEC 22
C GTRT - WASTE GAS TREATMENT éDST, $/MSCF/D INEC @23
C WTRT - WATER TREATMENT COST, $/BBL/D INEC 24
c CTACR - AIR DIST, VAP REC, AND SURFACE $/ACRE INEC 25
c DCE - WELL DRICLING/COMPLETION/EQUIP $/FQOT INEC 26
E PLANT - CENTRAL PLANT FACILITIES COST, 4/STB/D %mgg Sg
C DPERATING COSTS INEC 29
€  --r———-———————— INEC 30
€ WOCOST - WELL WORKOVER COST $/WELL INEC 31
c WTCOST -~ PRODUCED WATER TREATING COST, $/BBL INEC 32
C WDCOST - WATER DISPOSAL COST $/BBL INEC 33
C COSTML - MAINTENANCE AND LABOGR COST $/MSCF INEC 34
g COSTTI - TECHNICIAN AND INSTRUMENT 6DST, $/MSCF %ﬁgé gé
c CASE VARIABLES INEC 37
C  ————————m———— INEC 38
C MYR ~ NUMBER OF YEARS OF PRODUCTION INEC 39
C WCAP - NUMBER OF MONTHS WORKING CAPITAL INEC 40
c UNCO - OIL RATE UNCERTAINTY INEC 41
c WepP - NUMBER OF WELLS DRILLED PER PATTERN (=2 FOR FULL 5-SPOT) INEC 42
c XDR - DISCOUNT RATE INEC 43
c XINF - INFLATION RATE INEC 44
C XROY - ROYALTY RATE INEC 45
c XSEV - SEVERANCE TAX RATE INEC 46
c XFIT - FEDERAL INCOME TAX RATE INEC 47
C XTCR - INVESTMENT TAX CREDIT RATE INEC 48
c XSTX - STATE INCOME TAX RATE INEC 49
C XWPT - WINDFALL PROFIT TIER I TAX RATE INEC 50
c WPHO - WPT STARTING PHASE OUT DATE INEC 51
c BTIM - BASE TIME FOR PROJECT START INEC 32
C BPOW - BASE PRICE OF OIL FOR WPT, $/BBL INEC 353
C PCTDBT - PERCENT OF TOTAL TANGIBLE AND INTANGIBLE COSTS INEC 54
c THAT WILL BE BORROWED INEC 355
c DBTINT - DEBT INTEREST RATE INEC 36
C NYRRPY - STARTING YEAR OF PRINCIPAL REPAYMENT INEC 57
c NYPAID - LAST YEAR OF ANY PRINCIPAL REPAYMENT ON LOANS INEC 58
C ESCPO - ESCALATION OF OIL PRICE INEC 59
C ESCED - ESCALATION OF ELECTRIC DRIVER OP COST INEC 60
C ESCFO - ESCALATION OF FIXED OPERATING COSTS INEC 61
c WPP1 - INJECTION WELLS DRILLED PER PATTERN INEC 62
£ WPP2 - PRODUCTION WELLS DRILLED PER PATTERN INEC 63
C WPP3 -~ PRIMARY PRODUCERS CONVERTED TO SECONDARY PRODUCERS PER INEC 64
C PATTERN INEC 65
E WPP4 - PRODUCERS CONVERTED TO INJECTORS PER PATTERN %“EE gg
E PRICE AND COST VARIABLES %“Eg gg
c IN ALL OF THE FOLLOWING ARRAYS, THE LAST LETTER (H,M, DR L) MEANS INEC 70
C HIGH, MOST-LIKELY OR LOW VALUES FOR THE PARAMETERS IN A GIVEN YEARINEC 71
c THE HIGH AND LOW VALUES SHOULD BE CHOSEN TO REPRESENT A CONFIDENCEINEC 72
C LEVEL. OF 80 PERCENT. LOW PRICE HAS 90% CHANCE BEING OBTAINED, AND INEC 73
E HIGH PRICE HAS ONLY 10% CHANCE OF BEING REACHED. %”Eg ;g
c POL - PRICE OF OIL , LOW INEC 76
C POM - PRICE OF OIL , MOST-LIKELY , $/BBL INEC 77
c POH - PRICE OF OIL , HIGH INEC 78
C FOCM - FIXED OPERATING COSTS , MOST-LIKELY , $/YR LKT1 42
c NOTE: INCLUDES MAINTENANCE, ETC THAT DO NOT INEC 80
C DEPEND ON OIL RATE INEC 81
C OPCM - OPERATING VARIABLE COSTS , MOST-LIKELY , %/BBL INEC 82
c NOTE: INCLUDES LIFTING AND OTHER COSTS THAT DEPEND ON INEC 83
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EDPM -
CTCM

CICM

VoM
VoM
VWM
VIM
VHM
VDM

C

C
N

C
N
0

W
A
W
W

OIL PRODUCTION DIRECTLY, BUT NOT ROYALTY OR SEVERANCEINEC

OMPRESSOR ELECTRIC DRIVE cost , MOST-LIKELY
NOTE: COST BASED ON 94 PCNT DRIVE EFFIC AND $0.07/KWHR

APITAL TANGIBLE COSTS , MOST-LIKELY

OTE: FLOW LINES, WELLS, ROADS, AND PRODUCTION

FACILITIES, BUT NOT COMPRESSORS .
APITAL INTANGIBLE COSTS , MOST-LIKELY
DTE: CAPITAL EXPENSED IN GIVEN YEAR
IL PRODUCTION , MOST LIKELY , STB/YEAR

WASTE GAS PRODUCTION , MOST LIKELY , MMSCF/YEAR

TR PRODUCTION , MOST LIKELY , STB/YEAR
IR INJECTED MOST LIKELY , MMSCF/YEAR
ATER INJECTED , MOST LIKELY , STB/YEAR
ATER DISPOSAL , MOST LIKELY , STB/YEAR

OTHER VARIABLES

[}

=

w
nmanun

CHS

TOTAL CAPITAL INVESTMENT

MEAN OF THE DISCOUNTED CASH FLOW

STD DEVIATION OF THE DISCOUNTED CASH FLOW
YEARS REQUIRED FOR PAYOUT
PROFIT/INVESTMENT RATIO

DCF RATE OF RETURN

INITIALIZE ECONOMIC ARRAYS FOR MULTIPLE PROCESSING

PCTDBT
DBTINT
NYRRPY
MUVW(

MUPG(
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INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
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INEC
LKT2
LKT2
LKT2
LKT2
INEC
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INEC
INEC
INEC
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INEC
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INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
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INEC
INEC
INEC
INEC
INEC
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PATIOX(I) = 0.0
10 CONTINUE

INEC
INEC
INEC
INEC
INEC

3 9696 96 9696 3636363636 3696 96 96 96 36 36 36 96 36 96 96 36 36 36 36 36 36 36 36 36 36 96 36 36 96 36 96 36 36 36 3 36 36 36 36 6 36 36 36 36 36 36 3 3 36 36 96 96 9 I 9 % 3 % % 3% % % % INEC

c

C **%%% PRINT TITLE OF ECONOMIC ANALYSIS
UNIT = 1000.
CALL TITLE(TITL)

c~ e e e e e e
**%%x READ CASE INPUT DATA AND CHECK FOR DEFAULTS

CARD EZ *%%%+ READ CASE CONTROLS
READ(IR,*) M,ISTATE,IDIST,I0UT,IFIT,IDAT,NCT,NCI,
* 1hisc, 156 1pest

CARD E3 #xx%% READ DEBT CONTROLS (READ IF IDEBT .NE. 0)
IF(IDEBT .NE. 0) READ(IR,*) PCTDBT,DBTINT,NYRRPY,NYPAID

CARD E4 **xxx READ CAPITAL COST DATA
READ(IR,*) CCOST, GTRT, WTRT, CTACR, DCE, PLANT

CARD ES **+x% READ OPERATING DATA
READ(IR,*) WOCOST,WTCOST,WDCOST,COSTML,COSTTI

CARD E6 **%xx READ OPERATING DATA
READ(IR,*) WCAP,COSTRT,UNCO

CARD E7 #***%% READ WELL DATA
READ(IR,*) WPP1, WPP2, WPP3, WPP4

O 00 OO0 OO0 OO0 00

INEC
INEC
INEC
LKTS
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC

INEC 219

INEC

INEC 221

INEC
INEC
LKTS
INEC
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CARD EB #¥*#x READ TAXES AND ESCALATION FACTORS
READ(IR,*) XDR,XINF,XROY,XSEV,XFIT,XTCR,DTIM,XSTX

CARD E9 *xxxx READ WINDFALL EXCISE TAX DATA
READ(IR,*) XWPT,WPHO,EPHO,BTIM, BPOW

IF IS0 SET 70 1, READ SECONDARY PRODUCTION CURVE (vV0S, MB/YR)
OTHERWISE USE DECLINE DATA TO CONSTRUCT A SECONDARY CURVE UNLESS
BASE PERIOD PRODUCTION RATE (OILB) SET TO ZEROD

CARD E10 w**x* READ SECONDARY PRODUCTION DATA
READ(IR,*) OILB, OILC, DECL
IF(ISO .EQ. 1) READ(IR,*) (VOS(I), I=1,M)

CARD E12 ***x% READ ESCALATION DATA
READ(IR,*) ESCPO,ESCFO,ESCED,
1 e4cCT,escel,Escud

CARD E13 *%x%* PROJECT PATTERN SCHEDULE
READ(IR,*) (PATI(I), I=1,M)

IF(IDAT.LE.O) GO TO 35

CARD E14 %% READ OIL PRICE DATA
READ(IR,*) POL(1),POM(1),POH(1)

CARD E15 *#*%x READ FIXED ANNUAL OPERATING COST DATA
READ(IR,*) FOCL(1),FOCM(1),FOCH(1)

CARD E1é ##%%% READ VARIABLE ANNUAL OPERATING COST DATA
READ(IR,*) OPCL(1),0PCM(1),0PCH(1)

CARD E17 #x#xx READ ELECTRIC DRIVER OPERATING COST DATA
READ(IR,*) EDPL(1),EDPM(1),EDPH(1)

CARD E18 *x*xx READ TANGIBLE INVESTMENT SCHEDULE
33 IF(NCT.LE.O) GO TO 44
DO 40 I=1,NCT
40 READ(IR,*; ICT,CTPL(ICT),CTPMCICT) ,CTPH(ICT)
44 TF(NCI .LE. 0) GO TO 30

cagg Eé?l*?*ﬁglREAD INTANGIBLE INVESTMENT SCHEDULE
45 READ(IR,*) ICI,CIPL(ICI),CIPM(ICI),CIPH(ICI)
50 CONTINUE
#**%x%x COMPUTE ANNUAL PATTERN VOLUMES
DO 100 I=1,M
CO = SDINT(TIME,CUMOIL,ITIM,YR)
C6 = SDINT(TIME,CUMBAS,ITIM,YR)
CW = SDINT(TIME,CUMWAT,ITIM,YR)
CI = SDINT(TIME,CUMIA, ITIM,YR)
CH = SDINT(TIME,CUMIW, ITIM.YR)
*xxex ANNUAL PRODUCTION VOLUMES, MB/YR/PATTERN
VOP(I) = CO-COS
VGP(1) = CG-CGS
VWP(I) = CW-CWS
*#%%% ANNUAL INJECTION VOLUME, MMSCF/YR/PATTERN
VIP(I) = CI-CIS
VHP(I) = CH-CHS
xeaxs ANNgA%qCOMPRESSOR HORSEPOWER, KW-HR - PATTERN
QHP(I) = HPP*365.%24./DEFF*0.744
CHS = CH
€OS = CO
CGS = CG
CWS = CW
100 CIS = CI

*¥¥%x% CHECK FOR DEFAULT VALUES

2c8
2e?
230
231
232
233
234
235
236
237
£38
239
240

242
243
244

246
c47
233
254

236
237

259
260

26e
263

265
266

268
269
270
271
72

274
275
276
277
278

280
£81
282
283
284
285
286
287
288
289
290
291
292
293
294
295
226
297
298

300
301
302
303
304



PRICEI = POM(1)
IF(PRICEI .LE.
CALL ECFTR(PRICEI,FDC
CALL CHEKE(ITIM,NGT,NEI,DEPTH,AREAP,API)

0.0) PRICEI = 30.00

c
c **x%% WRITE CASE CONDITIONS
WRITE(IW,9350)
9350 FORMAT(/ 2X,13HECONOMIC DATA / 2X, 13(iH-) )

CALL STCDE (JST,ISTATE)
WSUM = WPP1 + WPP2 + WPP3 + WPP4
IF ( WSUM .E@. 0 ) GO TO 9012
WRITE(IW,9351) M,JST,IDIST,IFIT,IDISC,IDEP,
1 150,DEPTH,WPP1, WPP2,WPP3, WPP4
60 7O 9013
9012 CONTINUE
WRITE(IW,93519) M,JST,IDIST,IFIT,IDISC,IDEP,
1 150,DEPTH
93519 FORMAT (
3X,37HNUMBER OF PROJECT YEARS
3X ) 37HSTATE CODE
3X,37HDISTRICT CODE
3X,37HFEDERAL INCOME TAX OPTION ..
3X,37HDISCOUNT ING METHOD
3, 37HDEPRECIATION METHOD «vvvwuew.. AT
3X,37HSECONDARY OIL DECLINE DATA FLAG ....
3X . 37HRESERVOIR DEPTH ......
9013 CONTINUE
WRITE(IW,93510)
CCOST,GTRT,WTRT,CTACR, DCE ,PLANT,
WCAP, OSTRT, UNCG
FORMAT (
3X,37HNUMBER OF PROJECT YEARS .......
3X,37HSTATE CODE
3X . 37HDISTRICT CODE nvvrvvnnvvnnnnnens
3X,37HFEDERAL INCOME TAX OPTION
3X, 37HDISCOUNTING METHOD
3X ) 37HDEPRECTATION METHOD v vvvnvonveonenns
3X,37HSECONDARY OIL DECLINE DATA FLAG
3X)37HRESERVOIR DEPTH . @vvvuceaeness e
3X,37HINJECTORS DRILLED PER PATTERN (WPP1).
3X,37HPRODUCERS DRILLED PER PATTERN (WPP2).
3X,37HCONVTD PRIMARY PROD PER PAT (WPP3)...
3X,37HCONVTD PROD TO INJ PER PAT (WPP4) ..
93510 FORMAT(
3X,37HCOMPRESSOR CAPITAL COST .vevvvennnns.
3X,37HWASTE GAS TREATMENT CAPITAL .
3X ) 37HWATER TREATMENT/RECYCLE CAPITAL .....
3X,37HAIR DIST, VAPOR REC, SURFACE FACIL...
3X.37HWELL DRILL/COMP/EGUIP CAPITAL .
3X,37HCENTRAL PLANT FACILITIES ..
3X,37HND. OF MONTHS WORKING CAPITAL .......
3X,37HPROJECT STARTUP COSTS.en s vuunnevannnns
3X,37HOIL RATE UNCERTAINTY oovovvvvvvnnnnnn
IF(IDEBT .EQ. 0) WRITE(IW,93511)
93511 FORMAT(
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$/HP /
$/MSCF/D/
$/BBL/D /
$/ACRE /
$/FOOT_ /
$/STB/D 5

/

$1000
FRACTION

LKT7
LKT?7
LKT7
INEC
INEC
INEC
INEC
INEC
LKT1
LKT4
LKT4
LKT1
INEC
LKT4
LKT4
LKT4
LKT4
LKT4
LKT4
LKTS
LKT4
LKT4
LKT4
LKT4
LKT4
LKT4
LKT4
INEC
INEC
INEC
INEC
INEC
LKTS
INEC
INEC
INEC
INEC
LKT1
INEC
LKTS
LKTS
LKTS
LKTS
INEC
INEC
LKT1
LKT1
LKT1
INEC
INEC
INEC
INEC
YINEC
INEC

1 3X,37HPERCENT OF CAPITAL BORROWED
IF(IDEBT .NE. 0) WRITE(IW,93512) PC
93512 FORMAT(
1 3X,37HPERCENT OF CAPITAL BORROWED

--------- s

TDBT,DBTIN

--------- [

1 3X,37HINTEREST RATE ON DEBT ¢uvcovnveenness ;
1 3X,37HFIRST YEAR OF PRINCIPAL REPAYMENT ...,
1 3X.37HLAST YEAR OF PRINCIPAL REPAYMENT ....
WRITE(IW,9352) XDR,XINF,XROY,XSEV,XFIT,XTCR,X
1 XWPT,WPHIO, BTIM,BPOW,ESCPO, ESCFO,ESCED
9352 FORMAT(/ 2%,20HTAXES’AND ESCALATION 7 2x,20(1
3X, 37HAVERAGE DISCOUNT RATE
3X)37HAVERAGE INFLATION RATE .....
3X,37HROVALTY RATE tvvsencnnennvrnnnnnennns
3X ) 37HSEVERANCE TAX RATE vvenvvrnonneennnss
3X,37HFEDERAL INCOME TAX RATE
3X)37HINVESTMENT TAX CREDIT +uvvenevernnnns
3X,37HSTATE INCOME TAX RATE vuvvnvvonnnn
3X,37HWINDFALL EXCISE TAX RATE +vuvuvnn.

3
3
’
L]
s
b

b b b b ok o ok b

INEC
9X,1HO,10H PERCENT }INEC

)

T,NYRRPY,NYPAID INEC

INEC
F10.3,10H PERCENT /INEC
F10.3,10H PERCENT /INEC
110, /INEC
110 ) INEC
STX, INEC

INEC
H-) / INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
F10.3,10H FRACTION/ INEC
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1 3X,37HWINDFALL PHASE OUT DATE vuveneennnnns ,F10.0, 10H / INEC 361

1 3X,37HBASE PROJECT START DATE .ovuuvenevnn. 7F10.0,10H / INEC 362

1 3X,37HBASE OIL PRICE FOR WINDFALL TAX ..... JF10.2,10H $/BBL  / INEC 363

1 3X,37HOIL PRICE ESCALATION RATE . .veennvnns 'F10.3,10H FRACTION/ INEC 364

1 3X,37HOPERATING COSTS ESCALATION RATE ... .. F10.3,10H FRACTION/ LKT1 59

1 3X)37HDRIVR OPN COST ESCALATION RATE .......,F10.3,10H FRACTION )INEC 366
IF(IDEP .EQ. 0) WRITE(IW,9353) DTIM INEC 367

9353 FORMAT ( INEC 368
1 3X,37HDEPRECIATION TIME (STRAIGHT LINE) ...,F10.2,10H YEARS ) INEC 369
IF(IDEP .GT. 0) WRITE(IW,9354) INEC 370

9354 FORMAT( INEC 371
- 1 3X,56HACRS DEPRECIATION SCHEDULE USED ..... 5.00 YEARS ) imgg g;g
¢ sxx%%x WRITE MOST LIKELY VALUES INEC 374
WRITE( IW,9450) INEC 375

9450 FORMAT (181 // 2X,16HPRICES AND COSTS , INEC 375
1 36X,7H LOW , 13H MOST-LIKELY, 10H  HIGH / INEC 377

2 2X,16(1H-), INEC 378

3 36X, TH---=2— , 13H ———mmmmmmm e , 10H ——-m—-me ) INEC 379
WRITE (IW,9451) INEC 380

1 POL(1), POM(1), POH(1) INEC 381

4 FOCL(1)*FOPR, FOCM(1)*FOPR, FOCH(1)*FOPR, INEC 382

S OPCL(1)*FOPR, OPCM(1)*FOPR, OPCH(1)*FOPR, INEC 383

& EDPL (1)*FOPR, EDPM(1)*FOPR, EDPH(1)*FOPR, INEC 384

9 WO(1)*FOPR,WIC(1)*FOPR,WDC{1)*FOPR,CML(1)*FOPR,CTI(1)*FOPR INEC 385

9451 FORMAT ( INEC 386
1 3X,37HOIL PRICE veuvvnnesnennss e ,10H $/BBL  ,3F11.2/INEC 387

1 3X)37HFIXED OPERATING COST PER PATTERN .....10H $/YR '3F11.0/INEC 388

1 3X)37HVARIABLE OPERATING COST «vseoneocnssn J10H $/BBL  ,3F11.3/INEC 389

1 3X)37HELECTRIC DRIVER OPERATING COST ... ... J10H $/KWHR ,3F11.3/INEC 390

1 3X.37HWELL WORKOVER COST PER PATTERN ...... J1I0H $/YR ; INEC 391

1 11X, F11.0 / INEC 392

1 3X,37HPROD WATER TREATING COST «uvvvernennns ,10H $/BBL , INEC 393

1 11%, F11.3 / INEC 394

1 3X,37HPROD WATER DISPOSAL COST +euveeenenns ,10H $/BBL , INEC 395

1 11k, F11.3 / INEC 395

1 3X,37HCOMPR MAINT AND LABOR COST .veuven... J10H  $/MCF , INEC 397

1 11%, F11.3 / INEC 398

1 3X,37HTECHNICIAN AND INSTRUMENT COST ...... ,10H $/MCF , LKTS 17

1 11X, F11.3 ) INEC 400

c INEC 401
DO 470 J=1,MYR INEC 402
ADVH(J) = ADVH(J) + AOVHI * FDC * PATI(J) INEC 403

470 CONTINUE INEC 404
c LKTG 21
IF (NCT .EQ. 0 ) GO TO 4701 LKT4 22

WRITE (IW,4702) LKT4 23

4702 FORMAT (//,20X, 'TANGIBLE CAPITAL INVESTMENT SCHEDULE, $' LKTS 18
X /7 10X, 'YEAR LOW MOST LIKELY HIGH LKTS 19

X / 10X, ' ——mm  —mmloeo ——1) LKT& 26

DO 4710 I=1.NCT LKT4 27

WRITE (IW,4%03) I,CTPL(I),CTPM(I),CTPH(I) LKT4 28

4710 CONTINUE LKT4 29
4703 FORMAT (9X,I5,3F15.2) LKTS 20
C LKT4 31
4701 CONTINUE LKT4 32
IF (NCI .EQ. O ) GO TO 4BO1 LKT4 33

WRITE (IW,4802) LKT4 34

4802 FORMAT (/),20X,' INTANGIBLE CAPITAL INVESTMENT SCHEDULE, $° LKTS 21
X /7 10X, 'YEAR LowW MOST LIKELY HIGH LKTS 22

X /s Gt ') LKT4 37

DO 4810 I=1.NCI (KT4 38

WRITE (IW,4803) I1,CIPL(I),CIPM(I),CIPH(I) LKT4 39

4810 CONTINUE LKT4 40
4803 FORMAT (9X,15,3F15.2) LKTS 23
4801 CONTINUE LKT4 42
C INEC 405
¢ #xxx% ESTIMATE INDIVIDUAL PATTERN LIFE, LPAT INEC 406
LPAT = 0 INEC 407

DO 490 J=1,MYR INEC 408

c ESTIMATE DIRECT REVENUES, M$ LKT1 &0
REV = (POM(1) % VOP(J)) % (1. - XROY) * (1. - XSEV) INEC 410

c ESTIMATE DIRECT COSTS INCLUDING OVERHEAD OF 20%, M$ INEC 411



COST = 1.2 * (WTC(1)*VWP(J)*FOPR
1 + EDPM(1)*@HP(J)*FOPR/UNIT + OPCM(1)*VOP(J)
+ (CML(1) + CTI(1))*VIP(J)*FOPR
3 + FOCM(1)*FOPR/UNIT + WOCOST#FOPR/UNIT) + ADVH1*FDC
IF(REV.GE.COST ) LPAT = J
. 490 CONTINUE
C #%x%% CALCULATE PROJECT PERFORMANCE FROM PATTERN DATA
FOCPL = FOCL(1)
FOCPM = FOCM(1)
FOCPH = FOCH(1)
WWO = WO(1)
FOCL(1) = 0.0
FOCM(1) = 0.0
FOCH(1) = 0.0
OMAX = 0.0
AMAX = 0.0
DMAX = 0.0
i WMAX = 0.0
DO 550 J MYR
SUMP = PATI(&)
K=0
LYR = J + LPAT - 1
IF(LYR .BT. MYR) LYR = MYR
DO 500 I = J, LYR
K = K+1
VOL(I) = VOL(I) + VOP(K)*SUMP * (1. - UNCO)
VOM(I) = VOM(I) + VOP(K)*SUMP
VOH(I) = VOH(TI) + VOP(K)*SUMP * (1. + UNCO)
VBM(I) = VBM(I) + VGP(K)*SUMP
VWM(I) = YWM(T) + VWP (K)*SUMP
VIM(I) = VIM(I) + VIP(K)*SUMP
QHM(I) = GHM(I) + GQHP(K)*SUMP
VHM(T) = VHM(I) + VHP(K)*SUMP
FOCL(I) = FOCL(I) + FOCPL*SUMP
FOCM(I) = FOCM(1) + FOCPM*SUMP
FOCH(I) = FOCH(I) + FOCPH*SUMP
i WO(I) = WO(I) + WOCOST*SUMP
¢ *%%%x% DETERMINE PROJECT TANGIBLE AND INTANGIBLE CAPITAL COST
CTCL(I) = CTCL(I) + CTPL(K)*SUMP*FDC/FEQP
CTCM(I) = CTEM(I) + CTPM(K)*SUMP*FDC/FEQP
CTCH(I) = CTCH(I) + CTPH(K)*SUMP*FDC/FEQP
CICL(I) = CICL(I) + CIPL(K)*SUMP*FDC/FEQP
CICM(I) = CICM(I) + CIPM(K)*SUMP*FDC/FEQP
- 500 CICH(I) = CICH(I) + CIPH(K)*SUMP*FDC/FEGP
C ADD A LITTLE FIXED COSTS TO CAUSE A NEGATIVE CASH FLOW
C AT THE END OF THE PROJECT ---
- FOCM(J) = FOCM(J) + 1.0
IF(VHM(I) .BT. WMAX) WMAX = VHM(J)
IF(VIM(T) .GT. AMAX) AMAX = VIM(J)
IF(VOM(J) .GT. OMAX) OMAX = VOM(J)

530 CONTINUE

c
g MODIFY PROJECT PERFORMANCE IF MULTIPLE ZONES BURNED
C SKIP IF ONLY ONE BURN ZONE
c IF(NZONE .LE. 1) GO TO 8000
c CALCULATE NUMBER OF DEVELOPMENT YEARS
IDEVT = 0
DO 6998 JR =

IF(PATI(JIR) Bf 1 OE-2) IDEVT = IDEVT + 1
6998 CONTINUE

NSEQ@ = 1

WOPCT = 0.5
7000 NSEQ@ = NSEQ@ + 1

IF(NSE@ .GT. NZONE) GO TO 8000

LSTRT = IDEVT * (NSEQ-1) + 1



[wiwlwly]

[ o]

HPMAX
600 CONTINUE

winlw]

oo 0O o0 o0

IF(IDEVT .LE. LPAT) LSTRT = (LPAT * (NSEQ@ ~ 1)) + 1

IF(LSTRT .GT. MYR) GO TO 8000
DO 7800 I2 = LSTRT, MYR

13 = 12 - LSTRT + 1

EUMPO= PATI(I3)

KYR = I2 + LPAT - 1
IF(KYR .GT. MYR) KYR = MYR
DO 7600 I = I2, KYR

K = K+1

VOL(I) = VOL(I) + VOP(K)*SUMP * (1.
VOM(I) = VOM(I) + VOP(K)*SUMP
VOH(I) = VOH(I) + VOP(K)*SUMP
VGM(I) = VGM(I) + VGP(K)*SUMP
VWM(I) ="VWM(I) + VWP(K)*SUMP
VIM(I) = VIM(I) + VIP(K)*SUMP
QHM(I) = GHM(I) + QHP(K)*SUMP
VHM(I) = VHM(I) + VHP(K)*SUMP
FOCL(I) = FOCL(I) + FOCPL*SUMP
FOCM(I) = FOCM(I) + FOCPM*SUMP
FOCH(I) = FOCH(I) + FOCPH*SUMP
PATIOX(I) = SUMP

WO(I) = WO(I) + WOCOST*SUMP

CONT INUE

WO(I2) = WO(I2) + WOPCT * DCE * SUMP * 3.0 * DEPTH
CONTINUE

G0 70 7000

CONTINUE

**xx% CAPITAL FOR WATER RECYCLING AND OIL TREATING FACILITIES

(AHP-HPMAX ) *CCOST
AHP

GENC(I)

CAPW = WIRT * WMAX / 363.

CAPG = GTRT * AMAX / 363.

CAPP = PLANT * OMAX / 365.

CAPT = CAPW + CAPG + CAPP

CAP = CAPT % UNIT

IF(NCT .NE. 0) GO TO 560

CTCL(1) = CTCL(1) + CAP * 0.8
CTCM(1) = CTCM(1) + CAP * 1.0
CTCH(1) = CTCH{1) + CAP % 1.2
CONTINUE

*#%x% COMPRESSOR CAPITAL COST AND WATER DISPOSAL VOLUME
HPMAX = 0.0

DO 600 I=1,MYR

VDM(I) = VWM(I)-VHM(I)

IF(VDM(I) .GT. DMAX) DMAX = VDM(I)
ARIR(I) = VIM(I)*UNIT/365.

AHP = @HM(I)/365./24.%DEFF/0.746
GENC(I) = 0.0

IF(AHP .LT. HPMAX) GO TO 600

CALCULATE RELEASED OIL FROM

FACTOR = 1.0 - .12 * (BTIM
IF(FACTOR .LT. 0.0) FACTOR

GILC IS BASE
OILC = OILB * FACTOR
OILD DEFINED
OILD = OILB * 12. * 0.023
CORRECT OILC FOR MID-YEAR VALUE
OILC = OILC + OILD / 2.

CALCUALTE OIL VOLUME RELEASED,
DO 645 I=

OILC = DILé - OILD

IF(OILC .LE. 0.0) OILC =

AS ANNUAL REDUCTION IN BASE RATE ONCE PROJECT BEGINS

(OILR,BBLS)

INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC

INEC 518

INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC

INEC
SECONDARY OIL RATE AND STATUTORY DECLININEC

5939')
IF(FACTOR .GT. 1.0) FACTOR = 1.0
RATE AT BEGINNING OF PROJECT ADJUSTED FROM BASE RATE



c
c

OILR(I) = VOS(I) + VOM(I)
IF(OILR(I) .LE. 0.0) OILR(
645 CONTINUE

- 0ILC
I = 0.0

*%%%% WRITE PATTERN/PROJECT SCHEDULE

IF(IOUT.LE.O) GO TO 751
WRITE(IW,9601)

9601 FORMAT(/1HOQ,15X,42HPATTERN VOLUMES AND SCHEDULE - MOST LIKELY ,

1 20H(FOR ONE BURN ZONE) /
1 16X,62(1H=) /)
WRITE (IW,9599) LPAT

9599 FORMAT(3X,16HPATTERN LIFE I5:,I14,6H YEARS)

WRITE(IW,%650)
9650 FORMAT(
14X,16H---- PROD ———-

10X, 15H--

3X  BHPATTERNS, 10H PATTERNS 7/

1

1

2 2X,4HYEAR, 10H OIL,MB

2 10h AIR,MMCF, 10H WATER
2 10H INITIATD, 10H TOT
S 2X,4H--—-—,4(10H ——=-—-—
SUMP = 0.

DO 650 I=1,MYR

SUMP = SUMP® + PATI(I) + PA

IF(I.GT.LPAT) SUMP = SUMP ~ PATI(I-LPAT) - PATIOX(I-LPAT)

10H BGAS,MMCF, 10H WATER,MB ,

MB
AL v
),3(10H

TIOX(I)

-~ INJ

650 WRITE(IW,9651) I,VOP(I),VGP(I),VWP(I),VIP(I),
VHP(1),PATI(I},SUMP

1
9451 FORMAT(2X,13, 4F10.1, 3F10

1)

*##x%% PROJECT PRODUCTION/INJECTION REPORT

WRITE(IW,9901)
WRITE(IW,9602)

9602 FORMAT (140, 15X, 42HPROJECT VOLUMES AND SCHEDULE - MOST LIKELY s

1 25H(ALL PATTERNS, ALL 20
1 16X,67(1H-) /)
WRITE (IW,9660)
9660 FORMAT (
6X,10H PATTERNS,
8X,16H--——— PROD ----
2, 4HYEAR, 10H  TOT
108 OIL,MB , 10H BAS,M
10H AIR,MMCF, 10H WATER
9H COMPR,HP,
11H SEC.GIL.MB,11H REL.OI
2X, 4H-———, 4 { 10R
SuMP = 0.
DO 660 I=1,MYR

UM MINy ==

NES) /

10X, 15H--
AL,
MCF, 10H

-— INJ
WATER,MB

——

,MB, 12H WAT DISP,MB ,

L,MB /
6(10

3

AHP = QHM(1)/365./24.%DEFF/0.746
SUMP = SUMP + PATI(I) + PATIOX(I)

IF(I.GT.LPAT) SUMP = SUMP - PATI(I-LPAT) - PATIOX(I-LPAT)

660 WRITE(IW,9661) IASUMP, VOM(T1),VGM{(I) ,VWM(I) ,VIM(I),

1 VHM(I),VDM(TI) HP, VOS(1

C%61 FORMAT (2,13, 4F10.1, 6F10

WRITE(IW,9701)
9701 FORMAT(/1HO, 14X
1 2SH(ALL PATTERNS, ALL 20
1 15X, 60(1H-) /)
WRITE (IW,9702)
9702 FORMAT(
6X, B80H TIME _ OIL
clM OIL OIL RECV
6X,. BOH YEARS _ STB/D

FRACTION
6X, B0H ——=—— =—m———m
CUMOX = 0.0
TIMX = BTIM - 1.0
DO 700 I=1,MYR
TIMX = FIMX + 1
QOX = VOM(I)*UNIT/365.
@6X = UGM(T)*UNIT/365.
QWX = VWM(T)*UNIT/365.

VIM(I)*UNIT/365.

y,0fLR(D)

D
NES) /

WASTE 998
MSCF;D

WATER
STB/D

35HPROJECT PRODUCTION/INJECTION REPORT

AIR INJ
MSCF/D

WAT INJ
STB/D

)

INEC
INEC
INEC
INEC
INEC
INEC
INEC
LKT1
LKT1
LKT1
INEC
INEC
INEC
INEC

INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC

LKT1

LKT1
LKT1
INEC
INEC
INEC
INEC
INEC
INEC
LKTS
LKTS
INEC
INEC
INEC
INEC
INEC
INEC



BHX = VHM(I)*UNIT/365.
CUMOX = CUMOX + VOM(I)
RECOX = CUMOX / TOTOIL / UNIT / FLOAT(NZONE)

WRITE(IN 9703) 1,TIMX, GOX, GGX, QWX,
1 QHX, cunox RECOX

9703 FORMAT(IX F8. 6 F9.1, F10.1, 1X,2F10.1, F10.1,

F10.1, 1X, F6

c 700 CONTINUE

9901

*%%¥% PROJECT CAPITAL SCHEDULE
WSUM = WPP1 + WPP2 + WPP3 + WPP4
IF (WSUM .ER.0) GO TO 8801
WRITE(IW, 9901 )

FORMAT( 1H11)

DPP1 = CINJ

IF (WPP1 .EQ. 0.0 ) DPP1
DPP2 = CEGP

IF (WPP2 .ER. 0.0 ) DPP2
DPP3 = CSEC

IF (WPP3 .ER. 0.0 ) DPP3
DPP4 = CNVT ,

IF (WPP4 .EQ. 0.0 ) DPP4 =

0.0
0.0
0.0

0.0
WRITE(IW, 9740) DPP1,DPP2 DPP3 DPP4,CREP, CAPW, C?PG ,CAPP ,CAPT

9740 FORMAT ( 1HO, 19HMAJOR  CAPITAL 1TEMS 7 1X, i9(1H-}

8801

9751 FORMAT(IHO BSX/BBHPRDJECT CAPITAL SCHEDULE - MOST LIKELY /

1 3X,37HINJECTOR DRILLING COST &oevvrerennn. ,F10.0,10H $/WELL
1 3X,37HPRODUCER EQUIPMENT COST . nnn..ooiittt JF10.0

1 3X,37HCOST TO UPGRADE SECONDARY PROD - .. . ° JF10.0,

1 3X.37HCOST TO CONVERT PROD TO INJ oounnooo: JF10.0.1

1 3X,37HCOST TO UPGRADE TO SEC. OPERATIONS .. F10.0°1

1 3X,37HWATER TREATMENT CAPITAL ...vovennoons JF10.1,10H M$

1 3X,37HWASTE GAS TREATMENT CAPITAL . nooneol: JF10.1,10H Ms

1 3x 37HCENTRAL PLANT FACILITIES .vvvoooronns JF10.1,10H Ms

1 3X,37HTOTAL FACILITIES CAPITAL ..oenoonlll: JF10.1,10H M$
CDNfINUE

WRITE(IW,9751)

1 26X, 38(1iA-
WRITE (IW,3752)

9752 FORMAT(

1
2
3
4 10F MSCF/D , 10H COMPRESS,
5

9X,15H--- PATTERN --—, 4X

10A HP 6X,18H>—- PROJECT M$ —--

2X,4HYEAR, 10H TANGIBLE, 10H INTANGBL 10H INITIATD,
10H COMPRESS,

BHPATTERNS, 1X, IOH AIR s

10H TANGIBLE, 10H INTANGBL /

2X, bH—=— 4 (10H ———=—mm YR Lo R —— ) )
DD %50 I=1.MYR
= QHM(1)/365. /24 . *DEFF/0.746
GENCX = GENC(I)/UNIT
CTCMX = CTCM(I)/UNIT
CICMX = CICM(I)/UNIT
XXPAT = PATI(I) + PATIOX(I)
750 WRITE(IW,9753) I,CTPM(1),CIPM(I),XXPAT,
1 AQIR(I), AHP, GENCX,CTCMX,CICMX
9753 FORMAT(2X,13, 1X, 2F10.0, 2F10.1, 4F10.0)
. 751 CONTINUE
*x*%% ESCALATE EACH VARIABLE
SUMP = 0.0
DO 80O I=1,MYR
VOL(I) = VOL(I)*UNIT
VOH(I) = VOH(I)*UNIT
VOM(I) = VOM(I)*UNIT
VBM(I) = VBM(I)*UNIT
VWM(T) = VWM(I)*UNIT
VIM(I) = VIM(I)*UNIT
VHM(I) = VHM(I)*UNIT
VDM(I) = VDM(I)*UNIT
SUMP = SUMP + PATI(I1) + PATIOX(I)
IF(I1.GT.LPAT) SUMP = SUMP - PATI(I-LPAT) - PATIOX(I-LPAT)
POL(I) = POL(1)*(1+ESCPO)*%(I-1)
POM(I) = POM(1)*(1+ESCPO)*%(I1-1)
POH(I) = POH(1)*(1+ESCPO)*%(1-1)
PGL(I) = PBL(1)*(1+ESCPG)**(I-1)

J10H  $/WELL
10H $/WELL
OH $/WELL
OH $/WELL

NN NN NN

INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
LKTS
LKTS
INEC
INEC
LKTS
LKTS
LKTS
LKTS
LKTS
LKTS
LKTS
LKTS
LKTS
INEC
INEC
INEC
INEC
INEC
INEC
LKTS
LKTS
INEC
INEC
LKTS
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC
INEC



000

lw]

(wle]

[wip]

800

100

150
999

PGM(I) = PGM(1)*(1
PGH(I) = PGH(1)*(1
OPCL(I) = OPCL(1)*
OPCM(I) = OPCM(1)*
OPCH(I) = OPCH(1)#
EDPL(I) = EDPL(1)*
EDPM(I) = EDPM(1)#%
EDPH(I) = EDPH(1)#*
SPLIT GENERATOR C
CTCL(I) = (CTCL(I)
CTCM(I) = (CTCM(I)
CTCH(I) = (CTCH(I)
CICL(I) = (CICL(D)
CICM(I) = (CICM(I)
CICH(I) = (CICH(I)
WO(I) = WO(I)*(1+E
BPO(I) = BPO(1)*(1
FOCL(I) = FOCL(I)*
FOCM(I) = FOCM(I)*
FOCH(I) = FOCH(I)#*
AOVH(I) = AQVH(I)#*
WTC(I) = WTC(1)%(
WDC(I) = WDC(1)*(
CML(I) = CML(1)%(
CTI(I) = CTI(1)x(
IF(I .EQ@. 1) GO T0
DATE(I) = DATE(I-1
CONTINUE
RETURN

END
SUBROUTINE STCDE(S

*x%x% GIVEN STATE
**%x% GIVEN STATE

INTEGER ST, IST
INTEGER STATE(S3)

(STATE(K
(STATE(
(STATE
(STATE
(STATE
(STATE
(5TATE
(STATE
DATA (STATE

IF(IST .LE. 0) GO

*##%% COMPUTE STAT
ST = STATE(IST)
GO TO 999

x%%%% COMPUTE STAT
18T = o

DO 150

IF(ST. EQ S%ATE(I))
CONT INUE

RETURN
END
SUBROUTINE CHEKE(I

{1 L UL T

XKKKKKKK

)
K)
K)
K)
K)
K)
K)
K)
K)

[ R R RV T IR JRY V)

P N~~~

K=4

+ESCPG) *# (1~
+ESCPG) #% (]
(1+ESCFO) %%
(1+ESCFO) #*
(1+ESCFO) #%
(1+ESCED) **
(1+ESCED) %%
(1+ESCED) **

OSTS AS 75%
+ GE

o~ o~ o~

E AND 23% INTANGIBLE
. + ESCCT)*%(I ~
+ ESCCT)*x(] -
+ ESCCT)*x(I -
+ ESCCI)**(l -
+ ESCCI)**(I -

+ ESCCI)*x(1

+
-+
+
+
+

SCWO) *%x(I-1)
+ESCBP) *#(I~-
(1+ESCFO) **
(1+ESCFO)**
(1+ESCFQ) **
(1+ESCFO) %
1+ESCFQ) #%(
1+ESCFO) **(
1+ESCFO) %% (
1+ESCFO) %% (
800

) + 1.0

L
*
*
*
*
*
*

ok ok ok kK K
NOOINENOT N
. . e

HHHHA’\/\'\

T,IST)

ALPHA (ST), COMPUTE STATE CODE (IST)
CODE (IST), COMPUTE STATE ALPHA (ST)

AR, 4H
FL,4H
KS,4H
MI,4H
NV 4H
ND, 4H
SC,4H
VA, 4H
HI,4H

CA,4H
BA 4H
KY 4H
MN 4H
NH, »4H
OH 4H
SD 4H
WA 4H
9,53)/4H PO, ,4HNONE’ /
10 100

E ALPHA

E CODE

IST = 1

TIM,NCT,NCI,DEPTH,ACRES,API)

J

CT/LKTS
IL/LKTS
ME/LKTS
MO/LKTS
NM/LKTS
OR/LKTS
TX/LKTS
WI/LKTS
LKTS
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
STCDE
CHEKE
CHEKE
CHEKE

COMMON /FLAGS/
1 IRES, IPAT,

1J1
TWRIT,

’1ECON, IERR,

~--CHEKE



e IR, IW, IP, NZONE

c
COMMON_/ECI/ M,MYR, 10UT,ISTATE,IDIST,IFIT,IDISC,IFUL, IS0, IDEP,
1 PCTDBT, DBTINT, NYRRPY, NYPAID, IDEBT,
1 CCOST, GTRT, = WTRT, CTACR, DCE, PLANT,
1 wocost, wrcodT, wpcodT,costml,costrl,
1 WCAP, ° UNCO, = WPP,  COSTRT, FOCPL, FOCPM, FOCPH
1 WPP1, WPP2, WPP3, WPP4, 'POBASE, OILB, OILC, DECL,
1 XDR XINF,  XROY, XSEV, XWPT, XFIT, XTCR, DTIM, XSTX,
1 WPHO, EPHO, BTIM, BPOW
1 ESCPO, ESCPG, ESCPE, ESCFO, ESCED,
1 ESCCT, ESCCI, ESCWO, ESCWT, ESCWI, ESCBP,
1 OILR(50), vO5(50),
1 POL(50), POM(50), POH(S0), PGL(S50), PGM(S50), PGH(50)
2 FOCL(50}, FOCM(S0}, FOCH(S03,0PCL(505,0PCM(S0}, OPCH(S0},
3 EDPL(50), EDPM(50), EDPH(50),WTC(S0), WDC(50), CML(50),
4 CTPL(50), CTPM(50), CTPH(50),CIPL(S50),CIPM(50}, CIPH(S0},
4 CTCL(50), CTCM(S0), CTCH(50),CICL(50),CICM(50), CICH(50),
5 VOL(50), VOM(50), VOH(50), WO(50),  BPO(50), CTI(50),
6 VGM(S0), VWM(50), VIM(50), GNUM(50),GENC(505, TITL(20),
6 BHM(S0), VHM(50), VDM(50), QHP(S0), VHP(50)
o 7 VOP(50), VBR(50), WWR(50); VIP(50), PATI (505, PATIOX(S0)
COMMON /ECS/
1 SUMVOM, COSR, TOTD, SUMCI, SVOS, SVGS, SVPS, SVIS, SUMWT,
1 CINJ, ~ CE@P, CSEC, CNVT,  CREP, CDAO, CIWO,
1 URPV, UNDS, USEV, USFO, USOPC, USED, USWO, USTO,
1 UWCAP, USWT, USWD, USOH, USTC, USCI, UCFB, USML. USTI,
1 UWPT,  USIT, UFIT, UATP, UINT, ULOARN,SINT. SPRP
2 SRPV,  SNOS, SSEV, SUMF(,SUMOPC,SUMED,SUMWS,SUMWD,
2 SUMOH, SumMMC, SUMTE, DCFB
3 MUPPV, STDDEV, PAYOUT, PLIFE, ROR, cC,
4 SUMIN, SUMWC, DNB, SVON, EFFINV
REAL MUPPV
COMMON /ECO/
1 DATE(S0), VOSLD(50),VONET(50),A0VH(S0), ADVH1
1 VGNET(50},AREVO(50) ,AREVG(50) ; ARVWPT (50) , AREY (50) ,
2 AROY(S0), ANET(50), ASEV(50), AWTC(50),  AWDEC(50),
2 ACML(50), ATIN(50), AINJ(50).
3 AFOC(S0), AVOC(50), AEDP(50), ACOST(S0), ACAP(S0),
4 AWPP(S0), ANIP(S0), TXCR(50), DEPS(50), AWCP(50),
4 AROR(S0), ABBR(50), AQWR(50). ARIR(50),
S ANOI(50), ASTX(S50), AWPT(50), ANTI(50), AFIT(50), ATPR(S0),
& CFAT(S0), CDAT(50), DCFAT(S0},PYDF(50), CNDI(50),
. 7 CFBT(50); CDBT(50), DCFBT(50)
c
C PRICE REDUCTION FACTORS FOR API GRAVITY
c BILP1 FOR ALL STATES BUT CALIFORNIA, OILP2 FOR CALIFORNIA
DIMENSION API1(S),0ILP1(5),API2(5),0ILP2(S)
DATA API1/ 40., . d. rs -16.7
DATA OILP1/ 1.0, .9383, .8383, .605. 0.0/
DATA API2/  40., .. . 8., -37./
. DATA OILP2/ .875, .855, .7617, .60i%, 0.0/
g
¢ **%%x DEFAULT CHECKING - ECONOMIC DATA
. UNIT = 1000.
c #x%%% DEFAULT OVERALL PRICES AND COSTS IF MEAN VALUES NOT GIVEN
c »*x%x% OIL PRICE DEFAULT, $/STB
IF(POM(1) .LE. 0.00) POM(1} = 30.00
XPRICE = POM(1)
c USE GRAVITY CORRELATION FOR OIL PRICE

IF (ISTATE .ER. S3 ) FACTOR = 1.0

IF (ISTATE .LT. 53 ) FACTOR = SDINT(API1,DILP1

9,API)

IF(ISTATE .EQ. 4) FACTOR = SDINT(API2,0ICP2,6,AP!)

CHEKE
CHEKE
CHEKE
CHEKE
LKT7
CHEKE
LKTS
LKTS
CHEKE
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POM(1) = FACTOR * POM(1)

CHEKE 36

IF(ISTATE .ER. 50) POM(1) = POM{1) ~ 9.00 CHEKE 37
POL(1) = POM(1) * 0.8 CHEKE 38
POH(1) = POM(1) * 1.2 CHEKE 39
CHEKE 40

*x%%¥% GAS PRICE DEFAULT, $/MCF CHEKE 41
IF(PGM(1).67.0.) 6O TO 520 CHEKE 42
PGM(1) = XPRICE / 6.00 LKT7 11
PGL(1) = PGM(1)*0.8 CHEKE 44
PGH(1) = PGM(1)*1.2 CHEKE 45
CHEKE 46

**¥x% VARIABLE OPERATING COST DEFAULT, $/STB OIL PRODUCED CHEKE 47
520 IF(OPCM(1).G6GT.0.) GO TO 530 CHEKE 4B
OPCL(1) = 2.50 CHEKE 49
OPCM(1) = 3.00 CHEKE 50
OPCH(1) = 3.50 CHEKE 91
CHEKE 52

**##x% ELECTRIC DRIVER OPERATING COST, $/KWHR CHEKE 53
530 IF(EDPM(1).67.0.) 60 TO 550 CHEKE 54
EDPL(1) = 0.03 CHEKE 55
EDPM(1) = 0.07 CHEKE 36
EDPH(1) = 0.09 CHEKE 57
CHEKE 58

550 CONTINUE CHEKE 59
IF(ESCPC.LE.O.) ESCPO = 0.0 CHEKE 60
ESCPG = 0.0 LKT2 37
IF(ESCED.LE.O.) ESCED = 0.0 CHEKE 62
IF(ESCFO.LE.O.) ESCFQ = 0.0 CHEKE 63
IF(ESCWO.LE.O.) ESCWO = 0.0 CHEKE 64
JF(ESCCI.LE.O.) ESCCI = 0.0 CHEKE 65
IF(ESCCT.LE.O.) ESCCT = 0.0 CHEKE 66
ESCBP = XINF + 0.02 CHEKE &7
CHEKE 68

CALCULATE PROCESS INDEPENDENT COST DEFAULTS CHEKE &9
CALL CIND(ISTATE,IDIST,DEPTH,WMAX,PGM(1),CINJ,CEQP,CSEC,CNVT, CHEKE 70

& CREP,CDAQ,CIWD) CHEKE 71

, CHEKE 72

DEFAULT WELL COSTS HERE - IF WELL COSTS ARE INCLUDED IN THE PATTERN CHEKE 73
CAPITAL COSTS (NCT & NCI), INPUT WPP1=WPP2=WPP3=WPP4=0 LKT1 70
THESE COSTS (IF ANY) WILL BE ADDED TO NCT & NCI LATER gnEﬁE ;2
USE NPC _CORRELATION FOR TOTAL WELL DRILLING, COMPLETION, AND EQUIPMENTCHEKE 77
AND DOE CORRELATION TO FIND TANGIBLE AND INTANGIBLE SPLIT gﬁgﬁg ;g
IF(DCE .LE. 0.0) DCE = 100. CHEKE 80
DCE1 = DCE * DEPTH * (WPP1+WPP2) gngﬁg gé
IGNORE UPGRADE TO SECONDARY OPERATIONS IF NO PRIMARY WELLS CHEKE 83
CONVERTED TO SECONDARY BY WPP4 CHEKE 84
CHEKE 85

IF(WPP4 .LE. 0.0) CREP = 0.0 CHEKE 86
CAP = (CINJ * WPP1 + (CINJ + CEGP) * WPP2 + CSEC * WPP3 + CHEKE 87

& CNVT * WPP4 + CREP) CHEKE 88
CHEKE 89

WCI IS INTANGIBLE WELL INVESTMENT PER PATTERN CHEKE 90
WCI = 0.60 * CAP CHEKE 91
IF(WCI .LT. 0.0) WCI = 0.0 CHEKE 92
CHEKE 93

WCT 1S TANGIBLE WELL INVESTMENT PER PATTERN CHEKE 94
WCT = DCE1 - WCI CHEKE 95
IF(WCT .LT. 0.0) WET = 0.0 CHEKE 96
CHEKE 97

*#x#%x ESCALATE THESE COSTS AT 1983 TO PROJECT START YEAR (BTIM) CHEKE 98

AT ESCALATION RATES OF CAPITAL, ESCCI AND ESCCT, WITH DEFAULT LKT3 24

7O INFLATION RATE AND PRGJECT START IN 1983 CHEKE 100
IF(XINF .LE. 0.0) XINF = 0.0 CHEKE101
ESC = 1. + XINF CHEKE 102
IF(ESCCI .G6T. 0.0) ESC = 1. + ESCCI CHEKE103
IF(BTIM .LE. 0.0 ) BTIM = 1985. LKT7 12
WCI = WCI * (ESC ** (BTIM - 1983.)) CHEKE104
IF(ESCCT .GT. 0.0) ESC = 1. + ESCCT CHEKE105
WET = WCT * (ESC ** (BTIM - 1983.)) CHEKE106
CHEKE107
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WELL WORKOVER COSTS EQUAL COST TO CONVERT A WELL

ASSUME ONE WORKOVER PER PATTERN EACH FOUR YEARS

720

730

IF(WOCOST .LE. 0.0)

& WOCOST = 0%25 * CNVT

WO(1) = WOCOS

*%x%%# FIXED OPERATING COST DEFAULT, $/PATTERN/YR
IF(FOCM(1).6T.0.) GO TO 720

FOCL (1) = 18000.
FOCM(1) = 20000.
FOCH(1) = 22000.

*x%%% CAPITAL COST

*¥¥x% COMPRESSOR COST - $1000/HP
IF(CCOST.LE.O.) CCOST = 1000.

*x%%% WASTE GAS TREATMENT - $50/MCF/D
IF(GTRT .LE. 0.) GTRT = 50.

#+¢%%% PROD WATER TREATMENT - $75/BBL/D
IF(WTRT .LE. 0.) WTRT = 73.

*x%%%¥ CENTRAL PLANT FACILITIES - $3500/B/D
IF(PLANT .LE. 0.) PLANT = 500. )

*%%%x% AIR DISTRIBUTION, VAPOR RECOVERY LINES, AND
SURFACE PRODUCTION - DEFAULT = 26500 $/ACRE

IF(CTACR .LE. 0.0) CTACR = 246500.
IF(CTPM(1).67.0.) GO TO 730

CTPL(1) = (WCT + CTACR * ACRES) #* 0.8
CTPM(1) = (WCT + CTACR * ACRES) * 1.0
CTPH(1) = (WCT + CTACR * ACRES) #* 1.2
IF{CIPM(1).GT.0.) GO TO 740

CIPL(1) = WCI * 0.8

CIPM(1) = WCI * 1.0

CIPH(1) = WCI * 1.2

CONTINUE

INITIALIZE OVERHEAD ON DR&C+E TO 3% OF WELL COST (WITH 2% ADDED
LATER) ONLY FOR FIRST YEAR OF EACH PATTERN

AOVH1 = .03 * (CTPM(1) + CIPM(1)) / UNIT / UNIT

*x%%x% OTHER DEFAULT VALUES
MYR = M

IF(WTCOST .LE. 0.0) WTCOST = 0.123
IF(WDCOST .LE. 0.0) WDCOST = 0.10
IF(COSTML .LE. 0.0) COSTML = 0.03
IF(COSTTI .LE. 0.0) COSTTI = 0.04%
IF(XDR .LE. 0.) XDR=0.10
IF(XSEV .LE. 0.) XSEV=0.,0
IF(XROY .LE. 0.) XROY = 0.0
IF(UNCO .LE. 0.) UNC0=0.001
IF(XFIT .LE. 0.) XFIT=0.0
IF(XTCR .LE. 0.) XTCR=0.0
IF{XSTX .LE. 0.) XSTX = 0.0
IF(WCAP .LE. 0.) WCAP = 0.0
IF(WPHO .LE. 0.) WPHO=1991.
IF(EPHO .LE. 0.) EPHO = 1993.
IF (BPOW .LE. © ) BPOW = 23.07 #* (1. + XINF ) *¥ (BTIM -1983)
BPO(1) = BPOW
WTC(1) = WTCOST
WDC(1) = WDCOST
CML(1) = COSTML
CTI(1) = COSTTI
DATE(1) = BTIM
DEFINE DEPRECIATION SCHEME: IF DTIM = O
IF DTIM > O
IDEP = 1

IF(DTIM .GT. 0.0) IDEP = 0O

» ACRS SCHEDULE
y STRAIGHT LINE

CHEKE108
CHEKE109
CHEKE110
CHEKE111
CHEKE1l12
CHEKE113
CHEKE114
CHEKE115
CHEKE116
CHEKE117
CHEKE118
CHEKE119
CHEKE120
CHEKE 121
CHEKE122
CHEKE123
CHEKE 124
CHEKE 125
CHEKE 126
CHEKE127
CHEKE128
CHEKE129
CHEKE130
CHEKE131
CHEKE 132
CHEKE133
CHEKE134
CHEKE133
CHEKE136
CHEKE137
CHEKE 138
CHEKE139
CHEKE140
CHEKE141
CHEKE 142
CHEKE143
CHEKE 144
CHEKE 143
CHEKE 146
CHEKE147
CHEKE148
CHEKE 149
CHEKE150
CHEKE151
CHEKE152
CHEKE153
CHEKE 154
CHEKE153
CHEKE156
CHEKE 157
CHEKE158
CHEKE159
CHEKE 160
LKT1 72
LKT1 73
CHEKE163
LKT1 74
LKT1 75
LKT1 76
CHEKE169
CHEKE171
CHEKE172
LKT3 25
CHEKE174
CHEKE173
CHEKE176
CHEKE177
CHEKE 178
CHEKE179
CHEKE180
CHEKE181
CHEKE 182
CHEKE1B3



IF(DTIM .LE. 0.0) DTIM = 5.0 CHEKE184

C CHEKE 185
¢ »#¥%% DEBT DEFAULTS, NOT USED UNLESS IDEBT = 1 CHEKE 186
IF(PCTDBT .LE. 0.0) PCTDBT = 20.0 CHEKE 187
IF(DBTINT .LE. 0.0) DBTINT = 15.0 CHEKE 188
IF(NYRRPY .LE. 0.0) NYRRPY = 1.0 CHEKE 189
IF(NYPAID .LE. 0.0) NYPAID = 5.0 CHEKE 190

C CHEKE191
C CHEKE192
c CALCULATE SECONDARY OIL PRODUCTION RATE (VOS, MB/YR) IF ISO NOT 1,CHEKE193 .
€  AND DEFAULT DECLC TO 15% IF NOT INPUT * CHEKE 194
IF(ISO .EQ. 1) 6O TO 900 CHEKE 195
IF(DECL. LE. 0.0) DECL = 15.0 CHEKE 196

DECL = DECL / 100 CHEKE197
IF(OILB .GT. 0.0) GO TO 840 CHEKE198
0ILB = 0.0 CHEKE199

0ILC = 0.0 CHEKE200

» CHEKE201
c DEFAULT CURRENT SECONDARY PRODUCTION RATE TO BASE PRODUCTION RATE CHEKE202
C  USING CURRENT DECLINE RATE CHEKE203
- 840 IF(OILC .LE. 0.0) OILC = OILB * (1. - DECL)**(BTIM - 1979.) EHE&ESS%
c *x%x% CALCULATE SECONDARY OIL PRODUCTION RATE, VOS CHEKE206
DO 860 I=1,MYR CHEKE207

860 VOS(I) = OILC * (1. - DECL)**(FLOAT(I) - 0.5) CHEKE208
900 CONTINUE CHEKE209
RETURN CHEKE210

END CHEKE211
SUBROUTINE CIND(ISTATE,IDIST,DEPTH,RATE,PRGAS, CIND 2

& CINJ,CEQP,CSEC,CNVT,CREP,CDAD,CIWG) CIND 3
C********************************************************************** CIND 4
c CIND 5
c THIS SUBROUTINE DEFINES THE PROCESS INDEPENDENT COST PARAMETER  LKT1 78
E DEFAULT VALUES. THESE COSTS INCLUDE: glﬁg g
C CINJ - COST OF D&C FOR AN INJECTION WELL ($/WELL) CIND 9
C CEQP - COST TO EQUIP NEW PRODUCING WELL ($/NEW PRODUCER) CIND 10
C ADDED TO CINJ FOR D&C NEW PRODUCING WELL CIND 11
c CSEC - COST OF ADDITIONAL SECONDARY PRODUCTION EQUIPMENT LKT1 79
c FOR A PRIMARY WELL CONVERTED TO A SECONDARY CIND 13
C *xx THE COST OF ADDITIONAL SECONDARY RECOVERY EQUIPMENT (CSEC) ASSUME LKT1 80
c CNVT - COST TO CONVERT AN.EXISTING PRODUCER TO AN INJECTION  CIND 15
C WELL ($/CONVERTED WELL) CIND 16
C CREP - COST TO UPGRADE SURFACE PROCESSING EQUIPMENT 81
¢ AND LEASE FACILITIES FOR SECONDARY RECOVERY OPERATIONS CIND 18
C ($/PRODUCER) ND 19
¢ CDAD - DIRECT ANNUAL OPERATING COSTS FOR SECONDARY RECOVERY CIND 20
C OPERATIONS ($/PRODUCING WELL/YEAR) CIND 21
c CIWD - ADDITIONAL ANNUAL OPERATING COST FOR OFFSHORE WATER CIND 22
c INJECTION ($/YEAR) CIND 23
> CIND 24
c THESE COSTS DEFINED BY: CIND 25
¢ CIND 26
c U.S. DEPT. OF ENERGY, EIA CIND 27
¢ DALLAS FIELD OFFICE CIND 28
C 1114 COMMERCE ST. ROOM 804 CIND 29
¢ DALLAS, TEXAS 75242 CIND 30
C (214) 767-2200 CIND 31
c CIND 32
C »*x THE INPUT PARAMETERS REQUIRED ARE: CIND 33
¢ ISTATE - STATE CODE CIND 3%
C IDIST - DISTRICT CODE WITHIN STATE CIND 35
¢ DEPTH - VERTICAL DEPTH TO RESERVOIR (FT) CIND 36
C RATE - OFFSHORE DAILY WATER INJECTION RATE (MBBL/D) CIND 37
g PRGAS - PRICE OF NATURAL GAS OFFSHORE ($/MCF) g§mg gg
C »x* THE DRILLING COSTS ARE DEFINED AS FUNCTIONS OF DEPTH AND REGION. CIND &0
C THE U.S. IS DIVIDED INTO SEVEN REGIONS AS FOLLOWS: CIND 41
c 1 PACIFIC COAST CIND 42
C 2 ROCKY MOUNTAINS CIND 43
C 3 PERMIAN BASIN CIND 44
€ & GULF COAST CIND 45
C S MID-CONTINENT CIND &b
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7 OFFSHORE g§m8
THESE COSTS INCLUDE THE COST OF DRILLING AND COMPLETING WELLS CIND
HROUGH THE WELLHEAD, INCLUDING TUBING, AND REPRESENT THE COSTS OF CIND
EW INJECTION WELLS. (NEW PRODUCING WELLS HAVE ADDITIONAL COSTS CIND
HAT ARE ADDED TO THESE COSTS LATER) E%mg
***********************************************************************CIND
CINJ = 0.0 CIND
CEGP = 0.0 CIND
CSEC = 0.0 CIND
CNVT = 0.0 CIND
CREP = 0.0 CIND
CDAD = 0.0 CIND
CIWO = 0.0 g§mg
60 TO (60,50,60,40,50,70,70,70,60,60,50,70,70,70,30,70,60,70, CIND
& 70,70,70,70,60,70,50,30,40,70,70.,20,70,70,50,70.30,40,70,70, CIND
& 60.50,70,20,50,70,70,40,70.70,50.,40,40,805, 18TAtE cxwg
CIN
PERMIAN BASIN CIND
IF(IDIST .LT. 70 .AND. ISTATE .EQ. 42) GO TO 60 CIND
IF(IDIST .EQ. 100) GO TO 30 CIND
CINJ = DEPTH % (41.583 + &.439E-4*DEPTH + 2.53E-10%DEPTH*%2.8) CIND
IF(ISTATE .EQ. 30 .AND. IDIST .E@. 1) GO TO 150 CIND
IF(ISTATE .EQ. 42 .AND. IDIST .E@. 90) GO TO 130 CIND
GO TO 120 CIND
CIND
MID-CONTINENT CIND
CINJ = DEPTH ¥ (34.483 + 2.472E-3%DEPTH + 2.839E-10#DEPTH#*2.8)  CIND
60 TO 130 CIND
CIND
PACIFIC COAST CIND
CINI = DEPTH * (77.08 + 4.688E-3%DEPTH + 1.901E-10%DEPTH*%2.8) CIND
60 TO 140 CIND
CIND
ROCKIES CIND
CINJ = DEPTH * (95.54 ~ 3.85SE-2#DEPTH + 6.3E-3%DEPTH#*¥*1.2) CIND
60 TO 150 CIND
CIND
GULF COAST CIND
CINJ = DEPTH * (32.25 + 4.526E-3*DEPTH + 2.25SE-10%DEPTH**2.8) CIND
60 TO 100 CIND
CIND
NORTHEAST CIND
CINJ = DEPTH * (33.522 + 1.175E-3%DEPTH + 1.S0PE-8¥DEPTH**2.4) CIND
60 TO 130 CIND
CIND
OFFSHORE CIND
CINJ = 458492 - S56.3271%DEPTH + .03043%¥DEPTH**2. CIND
80 TO 180 gimg
ECK GULF COAST LOCATION TO ASSIGN TO PROPER REGION FOR EGUIPMENT  LKT1
ND OPERATING COSTS. THESE REGIONS ARE: E%mg
1 PERMIAN BASIN CIND
2 PACIFIC COAST CIND
3 ROCKY MOUNTAINS CIND
4 WESTERN GULF COAST CIND
S EASTERN GULF COAST CIND
& MID-CONTINENT AND NORTHEASTERN CIND
7 OFFSHORE CIND
THE COST TO EQUIP A NEW PRODUCTION WELL (CEGP) INCLUDES ALL THE  CIND
DDITIONAL EQUIPMENT FOR SECONDARY RECOVERY WITH THE COST OF LKTl
UBING LEFT OUT (TUBING 1S INCLUDED IN D&C COSTS) CIND
#*x THE COST OF ADDITIONAL SECONDARY RECOVERY EQUIPTMENT (CSEC) ASSUMECIND
HAT THE EXISTING PROCESSING AND LEASE FACILITIES WOULD NOT BE CIND
REPLACED BUT OLD PRODUCING WELL EQUIPMENT 1S REPLACED. THESE COSTS LKT1
NCLUDE DRILLING AND EQUIPPING WATER SUPPLY WELLS. CIND
THE CONVERGION OF A PRODUCING WELL TO AN INJECTION WELL (CNVT) CIND
NCLUDES REMOVAL OF PRODUCING EQUIPMENT (INCLUDING TUBING), LKT1

6 NORTHEASTERN

CIND
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CLEANING OUT THE WELLBORE, INSTALLING PC TUBING AND PACKER
*%% THE REPLACEMENT COST OF EXISTING PROCESSING EQUIPMENT AND
LEASE FACILITIES (CREP) INCLUDES FLOWLINES, MANIFOLDS, SEPARATORS,
TREATERS, TANKS, LACT UNIT, DISPOSAL SYSTEM AND ACCESSORIES
»¥% THE DIRECT ANNUAL OPERATING COSTS FOR SECONDARY RECOVERY (CDAQ)
INCLUDES COST ASSOCIATED WITH OPERATING AND MAINTAINING PRODUCTION,
INJECTION AND DISPOSAL WELLS
100 IF(ISTATE .EB. 9) GO TO 110
IF(ISTATE .ER. 42 .AND. IDIST .LE. 40) GO TO0 170
IF(ISTATE .E@. 17 .AND. IDIST .EG@. 2) GO TO 110
50 TO 130
EASTERN GULF COAST
110 € 12585 + 21.0825*%DEPTH
CSEC = 12460 + 24.234%DEPTH
CNVT = 6280 + 5.93*DEPTH
CREP = 16816 + 5.7947*DEPTH - 3.721BE-4*DEPTHx#2.
& + B8.0871E-9*DEPTH#*%3.
CDAD = 21570 + S5.597#DEPTH
GO TO 200
PERMIAN BASIN
120 CEQGP = 15145 + 1B.0632%DEPTH
CSEC = 14830 + 22.486%DEPTH
CNVT = 5463 + 5.979%DEPTH
CREP = 19047 - .B8017%DEPTH + 3.2082E-4*DEPTH**2.
& -1.139BE-8*DEPTH%%3.
CDAC = 15440 + 4.159%DEPTH
G0 70O 200
MID-CONTINENT AND NORTHEASTERN
130 CEQP = 11435 + 18.8818%DEPTH
CSEC = 11330 + 22.037*DEPTH
CNVT = 6051 + 5.888%DEPTH
CREP = 16636 + 1.5242#DEPTH + 7.4214E-5*DEPTH**2.
-4.9619E-9%DEPTH*%3.
CDAD 13205 + 5.222*DEPTH
GO0 7O 200
PACIFIC COAST
140 CEQP = 17635 + 29.0925%DEPTH
CSEC = 17480 + 33.467%DEPTH
CNVT = 6924 + 6.051%DEPTH
CREP = 31981 + 3.07146*DEPTH - 1.0204E-4*DEPTH%*%2,
& - 4,4933E-11#DEPTH*%3.
CDAD = 13068 + 9.062*DEPTH
50 70 200
ROCKIES
150 CEQP = 15615 + 18.2418%DEPTH
CSEC = 11775 + 22.901%DEPTH
CNVT = 6240 + 6.109%DEPTH
CREP = 23846 + 0.70S7%DEPTH + 7.3254E-S*DEPTHx*x2.
& - 2.6723E-9*DEPTH**3,
CDAD = 19459 + 4.384%DEPTH
GO TO 200
WESTERN GULF COAST
170 CEQP = 11755 + 19.4718%DEPTH
CSEC = 11645 + 22.653*DEPTH
CNVT .= 5679 + 5.921%DEPTH
CREP = 16143 + 4.5641%DEPTH - 2.1530E-4*DEPTH#x2.
& + 2.6401E-9*DEPTH**3.
CDAQ = 19436 + 5.459*%DEPTH
GO TO 200
OFFSHORE
180 CEGP = O.
CSEC = 650000 + 230000#RATE - 2BOO*RATE*x2.
CNVT = 171366 + 21.825%DEPTH

0.



CDAO 169000
CIWO = 40200%RATE + B0B0*RATE*PRGAS

200 CONTINUE
RETURN

END
SUBROUTINE ECFTR(PRICE, FDC, FEGP,
& FOPR, FUEL, FACT, ISTATE)

C
C  THIS SUBROUTINE CALCULATES THE VARIATION IN THE COST
C FACTORS USED DUE TO CHANGES IN THE OIL PRICE. A BASE
¢ on PRICE OF $30/STB (NOMINAL) IS USED.
C FACT  OIL PRICE FACTOR
C FDC  DRILLING & COMPLETION FACTOR
c FEGP  EQUIPMENT FACTOR
c FOPR  OPERATING COSTS FACTOR
¢ FUEL  FUEL FACTOR
C
FACT = (PRICE - 30.) / 30.
IF (ISTATE .E@. 53 ) FACT = 0.0
FDC = 1. + (0.4 * FACT)
FEGP = 1. + (0.3 * FACT)
FOPR = 1. + (0.2 * FACT)
FUEL = 1. + (1.0 * FACT)
. FACT = 1. + FACT
C  NO CORRECTION FOR DEPTH OR LOCATION
RETURN
END
SUBROUTINE ECON(API,PRICE, DISCNT, VALUE
. ' Fatt, Fp&, FEGP, FOPR, FUEL)
g
g COMMON STATEMENTS.
. LOGICAL CHKR1,CHKR2
COMMON /FLAGS/ 1J1,
1 IRES, IPAT, IWRIT, IECON, IERR,
c 2 IR, fW, IP, NZONE
COMMON /REPORT/
1 CUMOIL(200), CUMGAS(200), CUMWAT(200), CUMOB(200),
2 CUMIA(200),  CUMIW(200),  CUMAW(200),  FOSC(200),
3 PROIL(200), PRBAS(200), PRWAT(200), AIRG(200),
4 TIME(200), DTIME(200), FRVS(200), RECOV(200),
c 6 PRODS(200)

COMMON /ECI/ M
PCTDBT, DBTINT, NYRRPY, NYPAID, IDE

CCOST,  GTRT, ~ WTRT, CTACR, DCE, PLANT,
wocost, wrcodT, wpcodT,cosTMl,costTi,
WCAP, ° UNCO, = WPP,  COSTRT, FOCPL, FOCPM, FOCPH

FOSI(200),
WAT@(200),

WPP1, WPP2, WPP3, WPP4, POBASE, DILB, OILC, DECL,

XDR XINF,  XROY, XSEV, XWPT, XFIT, XTCR, DTIM, XSTX,

WPHO,  EPHO BTIM, BPOW
ESCPO, EscPb, ESCPE, ESCFG, ESCED,
ESCCT, ESCCI, ESCWO, ESCWT, ESCWI, ESCBP,

OO LN £ QO TU = 1t ed b et et b b (i b et
n
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0ILR(30), v0si50),

POL(50), POM(50), POH(50), PBL(50), PGM(50), PGH(50),
0}, FOCM(S0}, FOCH(S0},0PCL (50} ,0PCM(50}, OPCH(S03,

EDPL(S0), EDPM(50), EDPH(50),WTC(50), WDC(50), CML(S0),

CTPL(50), CTPM(S0), CTPH(50),CIPL(50},CIPM(50}, CIPH(503,

CTCL(S0), CTCM(50), CTCH(50),CICL(50),CICM(50), CICH(50) .

VOL(50), VOM(S50), VOH(50), WO(50),  BPO(50), CTI(50)

VGM(50), VWM(50), VIM(50), GNUM(S0),BENC(50}, TITL(203,

@HM(50), VHM(50), VDM(50), GHP(S0), VHP(S0)

VOP(50), VBP(50), VWP(50), VIP(50), PATI(50}, PATIOX(S0)

MYR, IOUT, ISTATE IDISTé%FIT,IDISC,IFUL,ISO,IDEP,
k]

CIND 1
CIND 1
CIND 1
CIND 1
CIND 1
CIND 1
ECFTR
LKTS
ECFTR
ECFIR
ECFTR
ECFTR
ECFTR
ECFTR
ECFTR
LKT1
ECFTR
ECFTR
ECFTR
ECFTR
ECFTR
LKTS
ECFTR
ECFIR
ECFTR
ECFTR
ECFTR
ECFTR
ECFTR
ECFTR
ECFTR
ECFTR
ECON
ECON
ECON
ECON
ECON
ECON
£CON
ECON
ECON
FLAGS
FLAGS
FLAGS
FLAGS
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
REPORT
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI
ECI

ECI
ECI
ECI
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1
1
2
2
3 SIGVO(503,5I6PO(503,
1
2
3

COMMON _/ECC/
MUVB(S50), MUVG(30),
MUPO(50), MUPG(50),
MUFO(50}, MUOPC(50),
MUDB(50), MURP(50)

SIGED(50),SIGCT(30),

MUV (
MUWO(
MUED(
MUIN(
SIGPG

5]
3
9
3
(
SIGCI(

0)
0)
0)
0)
50
30

MUVI(S0),

MUCT(50), MUCI(50),
MUPB(50)

} ,61GPF (S0} ,SIGFO(50),
), S1GOPC (503

3
’
s

MUVO , MUVG , MUVW , MUV , MUDB , MURP , MUIN , MUPB,
MUPO , MUPG , MUFO , MUED , MUWO , MUCT , MUCT ,

MUOPC

COMMON /ECS/
SUMVOM, COSR, TOTD,
CINJ, ~ CEGP, CSEC,
URPY, UNDS, USEV,
UWCAP, USWT, USWD,
UWPT,” USIT, UFIT,
SRPV,  SNOS, SSEV
SUMON, SumMl, SuMTi
MUPPV, STDDEV, PAYOU

REAL MUPPV
COMMON /ECOD/

SUMCI, 8vOS, SVGS, SVPS, SVIS, SUMWT,

CNVT,

CREP, CDAO, CIWO,

USFO, usOPC, USED, USWO

USOH,
UATP

» USTO,
USTC, USCI, UCFB, USML, USTI,
UINT, ULOAN,SINT, SPRP

SuMF, SUMOPE , SUMED , SUMWO , SUMWD,

DCFB

¥, PLIFE, ROR, CC,
SUMIN, SUMWC, DNB, SVON, EFFINV

DATE(50), vOSLD(50),VONET(50) ,AOVH(50) AOVH1

VGNET (503 , AREVO(50) ) AREVG(50) , ARVWPT ( 50) , AREV(

AROY(50), ANET(50), ASEV(50)
ACML (50), ATIN(30), AINJI(50)
AFOC(S0), AVOC(50), AEDP(S0)
AWPP(30), ANIP(30), TXCR(30)
ABDR(50), ARGR(S0), ARWR(S0)
ANDI(50), ASTX(350), AWPT(S0)
CFAT(50), CDAT(30), DCFAT(50
CFBT(30), CDBT(50), DCFBT(50

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnﬁ)n?nn
1
|

INPUT VARIABLES

s AWTC(50), AWDC(

%0
50
. ACOST(50), ACAP(S0
> DEPS(50), AWCP(50
; 50

50

AGIR(50),
0), AFIT(
0),

ANTI(
CNOI(

5 ), ATPR(S0),
§,PVDF(5 .

MYR_ - NUMBER OF YEARS OF PRODUCTION
I0UT - INTERMEDIATE OUTPUT CONTROL
XFIT - TAX RATE

XINF - INFLATION RATE

XDR_ - DISCOUNT RATE

XWPT - WINDFALL PROFIT TIER I TAX RATE

COMMON /ECI/ INCLUDES LOW, MOST LIKELY, AND HIGH VALUES

OUTPUT VARIABLES

SUMVOM- TOTAL VOLUME OF OIL PRODUCED, MBBL

T0TAL OIL/STE

AM RATIO

- TOTAL CAPITAL INVESTMENT

YC - CAPITAL RECOVERY COEFFICIENT
- TOTAL REVENUE PRESENT VALUE (MOST LIKELY), MM$
- TOTAL FIXED OPERATING COST(PV), MM$

SUMOPC- TOTAL VARIABLE OPERATING COST(#V), MM$
SUMGC - TOTAL STEAM GENERATION COST(PV), MM$

DCFB - TOTAL DISCOUNTED CASH FLOW BEFORE TAX
MUPPV - MEAN OF THE DISCOUNTED CASH FLOW, MM$
STDDEV—~ STD DEVIATION OF THE DISCOUNTED CASH FLOW
PAYOUT- TIME AT WHICH DCFAT=0, YEARS

ROR - DCF RATE OF R

ETURN

CONSTANTS FOR ACCELERATED CAPITAL RECOVERY SYSTEM (ACRS)
DEPRECIATION ACCORDING TO 1981 TAX ACT
ANNUAL DEPRECIATION
SERVICE AS A PERCENT OF ASSET VALUE
YR2 YR3 YR4 YRS

YEAR YR 1

ECON
ECON
ECON
ECON
ECON
ECON
LKTS
ECON
ECON
ECON
ECON
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1981-84 1S 2 21 21 21
1985 18 33 385 1& 8
1986+ 20 32 24 16 8

DIMENSION ACRS(5,3)

DATA ACRS/ .13, .22, .21, .21, .21,

& .18, .33, .25, .16, .08,

& .20, .32, .84, .16, .08/

UNIT = 1000.

UMM = UNIT*UNIT

*%x%% COMPUTE THE MEAN VALUE OF EACH VARIABLE

MUVO - MEAN OIL VOLUME, BBL

MUVG - MEAN GAS VOLUME, MMSCF

MUVW - MEAN WATER VOLUME, BBL
MUVI ~ MEAN INJECTED AIR VOLUME, MMSCF
MUPQ - MEAN OIL PRICE, MM$/BBL
MUPG - MEAN GAS PRICE, MM$/MSCF
MUFO - MEAN FIXED OPERATING COST, MM$/DAY
MUOPC- MEAN VARIABLE OPERATING CéST, MM$/BBL OIL
MUED - MEAN ELECTRIC DRIVER OF COST, MM$/KWHR
MUCT - MEAN TANGIBLE CAPITAL COSTS, MM$
MUCI - MEAN INTANGIBLE CAPITAL CDSf, MM$
MUDB - MEAN DEBT ADDED, MM$
MURP - MEAN PRINCIPAL éEPAYMENT, MM$
MUIN - MEAN INTEREST PAYMENT, MM$
MUPB - MEAN PRINCIPAL BALANCE AT END OF YEAR,

AFTER PRINCIPAL PAYMENT, MM$

SUMVOM = O.
SUMTD
DO 20
MUVO (I
MUVG(I
MUVW (T (1)
MUVI(I VIM(I)

CALCULATE PRICES DETERMINISTICALLY FOR NPC STUDY

MUPO(I) = POM(I) * FACT
IF(ISTATE .EQ. 350) MUPO(I)=((MUPD(I)/FACT)+9.00)%FACT

3

L{I)+2.#VOM(I)}+VOH(I1)) /4.

<O~ZXO
e << O

]
[ N Y )

R
0
.0
M
M

& -9.00
MUPG(I) = PBM(I) * FACT
MUFO(I) = FOCM(I) * FOPR
MUOPC(I) = OPCM(I) * FOPR
MUED(I) = EDPM(I) * FOPR
MUCT(I) = CTCM(I) * FEQP
MUCI(I) = CICM(I) * FEQP
MUWO(I) = WO(I) * FOPR
SUMVOM = SUMVOM + MUVO(I) /UNIT
SUMTD = SUMTD + MUCT(I)/UMM
DEPS(I) = 0.0
INITIALIZE DEBT VECTORS
MUINCI) = 0.
MUDB(I) = 0.
MUPB(I) = 0.
MURP(I) = O.
CONT INUE
»x%%% COMPUTE VARIANCES OF EACH VARIABLE
DO 30 I=1,MYR
SIGVO(I) = (VOH(I)-VOL(I))/2.65
SIGPO(I) = (POH(I)-POL(I))/2.65/UMM
SIGPG(I) = (PGH(I)-PGL(I))/2.65/UMM
SIGFO(I) = (FOCH(I)-FOCL(1))/2.65/UMM
SIGOPC(I)= (DPCH(I)-OPEL(1))/2.65/UMM
SIGED(I) = (EDPH(I)-EDPL(I))/2.65/UMM
SIBCT(I) = (ETCH(I)-CTCL(1))/2.65/UMM
SIBCI(I) = (CICH(I)-CICL(1))/2.65/UMM

ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
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30
C
C
9601

9050

9051
90
c
c
100
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a0

CONTINUE

*xx%% WRITE MEAN VALUES - I0OUT.GE.2
IF(IOUT.LE.1) GO TO 100

WRITE(IW,9601)

FORMAT (1H1, 35X, 19HPROJECT MEAN VALUES /
1 36X,19(1H) /)

WRITE(IW,5050)

FIXED
WATER

$/YR
$/BBL

)

/

IFgQMAT(

1 10A TANGiBLE 10H INTANGBL, 10H oIL , 10H

é équHVARIABLE 10H DRIVER , 10H WELL ,10H

2 10 capiTAL, 10H CAPITAL, 10H  PRICE , 10H OPN COST,
2 1OH OPN COST, 10H OPN COST, 10H WORKOVER ,10H TREATING /
3 2X,4HYEAR,

3 108 $/YR , 10H  $/YR , 10H $/BBL , 10H

3 10H $/BBL ., 10H $/KNHR ot IOH $/YR 10H

7 2X,4H-———,4(10H ———=—===),2{10H ===m———n ),2(10H

FDRMAT(EX i3, 1x,2F10.0, F16 e F10 0, 2F10.3, F10.0, F10.3)

DO S50 I=1,MYR

SUMP = SRR % PATICI)

WRITE(IW,9051) I, MUCT(I), MUCI(I), MUPO(I
1 MUFO(I), muorc(l)y, muedcly, muwocl), wWTCK

*#%%%% UNITS IN $MM

COSTRT = CDSTRT / UNIT
DO 110 I=1,MYR

MUPO(I) = MUPO(I)/UMM
MUPG(I) = MUPG(I)/UMM
MUCT(I) = MUCT(I)/UMM
MUCI(I) = MUCI(I)/UMM
MUFO(I) = MUFO(I)/UMM
MUOPC(I) = MUOPC(I)/UMM
MUED(I) = MUED(I)/UMM
MUWG(I) = MUWO(I)/UMM

ECON
ECON
ECON
ECON
ECON

AREV - ANNUAL REVENUE . - MM$
ACOST - ANNUAL TOTAL COST - MM$
ANOI - ANNUAL NET OPERATING INCOME
CFBT - CASH FLOW BEFORE TAX
CFAT - CASH FLOW AFTER TAX
DCFBT - DISCOUNTED CASH FLOW BEFORE TAX
DCFAT - DISCOUNTED CASH FLOW AFTER TAX
ILIF = 1
CFMAX = 0.0
CTXC = 0.0

CFBT(1) = 0.0

INITIALIZE CUMULATIVE CASH FLOW AT COSTRT
CFAT(1) = - COSTRT
XWC = WCAP/12.
CNOI(1) = 0.0
OPCS = 0.0

*x%%% LOOP THRU M YEARS FOR ANNUAL VALUES - MM$
DG 400 I=1,M

ML = I-1
IF(M1.LE.O
AWPP(I) =
AWPT(I) =
ARVWPT (1) 0.0

**%%% UNDISCOUNTED CASH FLOW AND TAXES (WPT AND FIT)
vosOLD = MUVO(I)

AROR(I) MUVO(1)/365.

ARGR(I) VGM(1)/365.

ABWR(T) MUVW(I)/365.

)
0.
0

wnu
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- ANOI(I)

ARIR(I) = MUVI(I)/363.

VOSLD(I) = VOSOLD/UNIT

**%%% ANNUAL REVENUE FOR GROSS OIL (LESS FUEL) AND GAS SOLD
AREVO(]) = vVOSOLD*MUPO(I)

AREVG(I) = MUVG(I)*MUPG(I)

AREV(I) = AREVO(I) + AREVG(I)

*¥x%x% LESS ROYALTY GIVES NET OIL (WORKING INTEREST)
VONET(I) = VOSOLD#*(1.-XROY)

VGNET(I) = MUVG(I)#*(1.~-XROY)/UNIT

ARDOY(I) = AREV(I)*XROY

ANET(I) = AREV(I) - ARDY(I)

*%*#%% SEVERANCE TAX
ASEV(I) = ANET(I)*XSEV

#%%%% ANNUAL OPERATING COST (FIXED, VARIABLE
sx%x% DRIVER, WATER T/D, AIR COMP, W/0, OVHEAD)

AFOC(I) = MUFO(I)
AVOC(I) = MUVO(I)*MUOPC(I)
AEDP(I1) = @HM(I) *MUED(I)
AWTC(I) = MUVW(I)*WTC(I)/UMM * FOPR
AWDC(I) = VDM(I) *WDC(I)/UMM * FOPR
ACML(I) = MUVI(I)*CML(I)/UMM * FOPR
ATIN(I) = MOVI(I)*CTI(I)/UMM * FOPR
AOVH(I) = .20 * (AFOC(I) + AVOC(I) + AEDP(I) + AWTC(I)
+ AWDC(I) + ACML(I) + ATIN(I) + MUWO(I))
+ .02 % (MUCI(I) + MUCT(I)) + AOVH(I) * FDC
ACOST(I) = AFOC(I) + AVOC(I) + AEDP(I)
+ AWTC(I) + AWDC(I) + AOVH(I)
+ ACML(I) + ATINCI) + MUWO(I) + ASEV(I)

*%%%% ANNUAL WORKING CAPITAL
OPCI = ACOST(I)
IF(OPCI.LE.O.) OPCI = 0.0
AWCP(I) = (OPCI-DOPCS)*XWC
OPCS = OPCI

**¥x% NET OPERATING INCOME (BEFORE WINDFALL AND FEDERAL TAX)
ANET(I) - ACOST(I)

CNOI(I) CNOI(M1) + ANDI(I)

BTINC = ANDI(I) - MUCIC(I)-MUCT(I)-AWCP(I)

CFBT(I) = CFBT(M1) + BTINC

*x%%% WINDFALL PROFIT TAX CALCS

IF (XWPT .EQ. 0.0) GO TO 356

IF (API .LE. 16.0) GO TO 356

BPONE = 16.65

XONE = (MUPDO(I) % UMM — BPONE) * 0.70

IF (XONE .LE. 0.0) XONE = 0.0

XTHREE = (MUPD(I) * UMM - BPO(I))

IF (XTHREE .LE. 0.0) XTHREE = 0.0

AWPP(I) = XTHREE

XTHREE = XTHREE * XWPT

XCRED = XONE - XTHREE

IF (XCRED .LT. 0.0) XCRED = 0.0

*#x%% TAX CALCS

AWPT(I) = VONET(I) * (1.-XSEV) * AWPP(I) * XWPT / UMM
IFCAWPT(I).LT.0.) AWPT(I)=0.0

WPHOF=1.0

IF(DATE(1).LT.WPHO) GO TO 335

DIFF = EPHO-WPHO+1.0

IF(DIFF.LE.O0.) GO TO 335

WPHOF = (EPHO-DATE(I))/DIFF

IF (WPHOF.LE.O.) WPHOF=0.0

AWPT(I) = AWPT(I)*WPHOF

GET REVENUE FROM RELEASED OIL TO OFFSET WPT
CONTINUE

ARVWPT(I) = OILR(I) * (1. -XROY) * XCRED * WPHOF
IF(ARVWPT(I) .LT. 0.0) ARVWPT(I) = 0.0

DO NOT ALLOW NEGATIVE WPT IF RELEASED OIL REVENUES GREATER
AWPT(I) = AWPT(I) - ARVWPT(I)

ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
LKT1
ECON
ECON
ECON
LKTS
ECON
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360
370

3701

ooonnnon

3702

IFC(AWPT(I) .LE. 0.0 ) AWPT(I) = 0.0
CONT INUE

#¥%%% STATE INCOME TAX
ASTX(I) = ANDI(I) * XSTX
IF(ASTX(I) .LE. 0.0) ASTX(I) = 0.0

**x%%x NET TAXABLE INCOME (FIT)
CINV = MUCT(I)
IF(CINV.LE.O.) B0 TO 370

DEPRECIATION CALCULATION:
IDEP = 0 IMPLIES STRAIGHT LINE DEPRECIATION FROM YEAR OF
INVESTMENT OVER DTIM YEARS
IDEP = 1 IMPLIES ACCELERATED CAPITAL RECOVERY SYSTEM (ACRS)
ACCORDING 70 THE RULES OF THE 1981 TAX ACT

F(IDEP .EQ. 0) IDT = I+DTIM-1
IF(IDEP .E@. 1 .AND. DATE(I) .GE. 1981) IDT =1 +5 - 1
IF(IDT .6T. MYR) IDT = MYR
DO 360 J=1,IDT

*xx%% STRAIGHT LINE DEPRECIATION

IF(IDEP .EQ@. O .OR. DATE(I) .LE. 1980)
& DEPS(J) = DEPS(J) + CINV/DTIM

IF(IDEP .ER. O .OR. DATE(I) .LE. 1980) GO TO 360

*¢%%% ACRS DEPRECIATION
IHIJH = IFIX(DATE(I))
IF(IHJH .GE. 1981 .AND. IHJH .LE. 1984)
& DEPS(J) = DEPS(J) + CINV * ACRS(J- I+1,1)
IF(IHIJH .EQ. 1983)
& DEPS(J) = DEPS(J) + CINV * ACRS(J-I+1,2)
IF(IHJH GE 1986)
& DEPS5(J) DEPS(J) + CINV % ACRS(J-I+1,3)
CONTINUE
ACAP(I) = MUCI(I) + DEPS(I)

*%x%% DEBT CALCULATIONS
IF(IDEBY .EG. 0) GD TO 3799
LOAN IS TAKEN AT START OF YEAR I
XX = (MUCT(I) + MUCI(I)) * PCTDBT / 100.
IF(XX .LE. 0.001) GO.TO 3799
MUDB(I) = XX + MUDB{(I)
IF_FIRST YEAR OF REPAYMENT IS AFTER YEAR I, THEN ADD ACCRUED
INTEREST TO PRINCIPAL AMOUNT THROUGH YEAR NYPAID

1

IF(J .6E. NYRRPY) GO TGO 3702

ADD INTEREST TO DEBT AT START OF YEAR J+1 AND INCREASE
XX = THE LOAN PRINCIPAL TO BE AMORTIZED
MUDB(J+1) = XX * DBTINT / 100, + MUDB(J+1)

XX = (DBTINT / 100. + 1.) * XX
MUPB(J) = XX + MUPB(J)
J = J+1

IF(J .LT. NYRRPY) GO TO 3701

REPAYMENT SCHEDULE FOR THIS INCREMENT STARTS AT
THE LATTER OF NYRRPY OR THE CURRENT YEAR,

CALCULATIONS FOR THIS INCREMENT WILL END AT THE EARLIER OF
NYPAID OR MYR -— IF NYPAID .GT. MYR THEN LOAN REPAYMENT WILL
NOT BE COMPLETED IN THIS ANALYSIS (ASSUMED TO BE PICKED UP
ELSEWHERE)

JL = NYRRPY
IF(JL LT, I) JL =1

JU = NYPAID
IF(JU .GT. MYR) JU = MYR
LOAN REPAYMENT BY EQUAL INCREMENTS OF TOTAL PRINCIPAL PLUS

INTEREST -- SIMILAR TO HOME MORTGAGE
IF(NYPAID .LE. JL-1 )} GO TO 3799
EQAP = DBTINT / 100. / (1, - 1./(DBTINT / 100. + 1.)
*% (NYPAID - JL + 1)) * XX
DO 3703 J = JL, JU

ECON

312
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- IF (MURP(J) .LE. 0.0 ) MURP

3703
3799

385

400

INTEREST PAYMENT IN YEAR J
YY = XX % DBTINT / 100,
MUIN(T) = YY + MUIN(T)

PRINCIPAL PAYMENT IN YEAR J
MURP(J) = EQAP - YY % MURP(%

)

J) = 0.0
XX = XX - EQAP + YY
PRINCIPAL BALANCE AT END OF YEAR J
MUPB(J) = XX + MUPB(J)
CONTINUE
TXCR{I) = XTCR*¥MUCT(I)

DEDUCT INTEREST PAYMENT FROM TAXABLE INCOME

ANTI(I) = ANDI(I) - AWPT(I) - ACAP(I) - ASTX(I) - MUIN(I)
AFIT(I) = XFIT*ANTI(I)

IF(AFIT(I).LT.O0. .AND., IFIT.EQ.1) AFIT(I)=0.

*%%%% TAX CREDIT
TCRED = CTXC + TXCR(I)

IF(AFIT(I).GT.TCRED) GO TO 3895

CTXC = 0.0

AFIT(I) = AFIT(1) - TCRED

TXCR(I) = TCRED

**%%%% AFTER TAX CASH FLOW

ATPR(I) = ANDICI) - AFIT(I) — AWPT(I) - ASTX(I)
& -~ MUCI(I) - MUCT(I) - AWCP(I) - MUIN(I) - MURP(I)
CFAT(I) = CFAT(M1) + ATPR(I)

VONET(I) = VONET(I)/UNIT

IF(CFAT(I).LE.CFMAX) GO TO 400

CFMAX = CFAT(I)

ILIF =1

CONTINUE

**%%% ECONOMIC LIFE

PLIFE = ILIF

IF(ILIF.GE.M) PLIFE=M

MYR = ILIF

- k¥x%% PRESENT VALUE RATE
CC = (1+XINF) * (1+XDR) ~ 1.

e et . e e . e o e . e . e o . S o e o -~ ——

DISCOUNTED VALUES
CCC - PRESENT VALUE FACTOR

SV0S TOTAL GROSS OIL SOLD, MBBL

SVGS TOTAL GROSS GAS SOLD, MMSCF
SRPV TOTAL GROSS OIL SALEé, MM$

SNOS TOTAL NET OIL SALES

SSEV - TOTAL SEVERANCE TAX

SUMTO - TOTAL OPERATING COST (FIXED+VAR+GEN+WO+0VH)
SUMFD - TOTAL FIXED OPERATING COSTS

SUMOPC- TOTAL VARIABLE OPERATING COST

SUMED - TOTAL ELECTRIC DRIVER OP COST

SUMML - TOTAL COMPRESSOR MAINT AND LABOR COST

SUMTI ~ TOTAL TECHNICIAN AND INSTRUMENT COST

SUMWO - TOTAL WELL WORKOVER COSTS
SUMWT - TOTAL PROD WATER TREATING COST
SUMWD - TOTAL PROD WATER DISPOSAL COST
SUMOH - TOTAL OVERHEAD COSTS
SUMCI - TOTAL INTANGIBLE CAPITAL COSTS
SINT - TOTAL DEBT INTEREST COST
SPRP_ - TOTAL PRINCIPAL REPAYMENT
UNDISCOUNTED VALUES
URPY - TOTAL GROSS REVENUE
UNOS - TOTAL NET SALES
USEV - TOTAL SEVERENCE TAX
USFO - TOTAL FIXED OPERATING COST

ECON
ECON
ECON
ECON
ECON
LKTS
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON

ECON
ECON

ECON
ECON

343
344
345
346
347

348
349
330
351
332
333
354
335
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386

388
389

371
3792
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
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usorPC
USED
USML
UsTI
USWT
USWD
USOH
UWCAP
UsTC
UscCI
UCFB
UWPT
USIT
UFIT
UATP
UINT
ULOAN
ONPKNO = O.
ONPKAI = 0.
sV0oS = 0.
SVON = 0.
SVGS = 0.
SRPV = 0,
SNOS = 0.
SSEV = 0.
SUMTO = 0.
SUMFO = 0.0
SUMOPC = 0.
SUMED = O.
SUMML = 0.
SUMTI = 0.
SUMWO = 0.
SUMWEC = 0.
SUMCI = 0.
SUMWT = 0.
SUMWD = 0.
SUMOH = O.
SINT = 0.
SPRP = 0.
DNB = 0.0
707D = 0.
SSIGFO = 0.
SSIGCI = 0.
SSIGED = 0.0
SSIGCT = 0.
SSIG0 = 0.
SSI66 = 0.
URPYV = 0.
UNOS = 0.0
USEV = 0.0
USTO = 0.0
Usgec = 0.0
USED = 0.0
USML = 0.0
USTI = 0.0
USFO = 0.0
UWCAP = 0.0
USTC = 0.0
UsCl = 0.0
USWO = 0.0
USWT = 0.0
USWD = 0.0
USOH = 0.0
UCFB = 0.0
UWPT = 0.0
USIT = 0.0
UFIT = 0.0
UATP = 0.0
UINT = 0.
ULCAN = O
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TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
T0TAL
TOTAL
TOTAL
TOTAL
TOTAL

VARIABLE OPERATING COST
ELECTRIC DRIVER OP COST
COMPRESS0R MAINT AND LABOR COST
TECHNICIAN AND INSTRUMENT COST
PRODUCED WATER TREATING COST
PRODUCED WATER DISPOSAL COST
DOVERHEAD COST

WORKING CAPITAL

TANGIBLE CAPITAL

INTANGIBLE CAPITAL

CASH FLOW BEFORE TAX

WINDFALL PROFIT TAX

STATE INCOME TAX

FEDERAL INCOME TAX

AFTER TAX PROFIT

INTEREST COST

PRINCIPAL REPAYMENT
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SUMVIM = 0.0
DCFBT(1) = 0.0
INITIALIZE DISCOUNTED AND CONSTANT DOLLAR CASH FLOW AT COSTRT
DCFAT(1) = — COSTRT
CDBT(1) = 0.0
CDAT(1) = - COSTRT

*#%kx% DETERMINE PRESENT VALUES OVER PROJECT LIFE
DO 300 I=1,MYR

Ml = I-1

IF(M1.LE.O) M1=1

*%%%%x VOLUMES PRODUCED, SOLD, AND INJECTED

SUMVOM = SUMVOM + MUVO{I)/UNIT

Sv0S = SvV0S + VOSLD(I)

SVON = SVON + VONET(I

SVGS = SVGS + MUVG(I)

SUMVIM = SUMVIM + MUY
(

[}

T
/UNIT

IF(ONPKAI .LE. (MUVI 800.0))DNPKAI = (MUVI(I)/1000.0)

R

IF(ONPKNO .LE. VONET

**#%% PRESENT VALUE FACTO
CCC = 1.0/(1.0+CCH**(1 - 1)

CCD = 1.0/(1,0+XINF)*%(] ~ 1)
IF(IDISC.LE.O) GO TO 450

*%%%% MID-YEAR DISCOUNTING

CCC = 1.0/(1.+CC)*x(FLOAT(I)-1.5)
CCD = 1.0/(1.0+XINF)*#*(FLOAT(I)-1.5)
IF(CCC .GT. 1.0) CCC = 1.0

IF(CCD .6T. 1.0) CCD = 1.0

PVDF(I) = CCC

**¥%x% CUMULATIVE AMOUNT CORRECTED TO PRESENT VALUE, MM$

UNI
(1)
)/1
»)

)
/
I
I NPKNO = VONET(I)
A

URPV = URPV + AREV(I)
SRPV = SRPV + AREV(I)*CCC
*%%%% NET OIL SALES

UNDS = UNOS + ANET(I)
SNOS = SNOS + ANET(I)*CCC
*x%x% SEVERANCE TAX

USEV = USEV + ASEV(I)
-865EV = SSEV + ASEV(I)*CCC

*%%x%% OPERATING COST (VARIABLE+FIXED+GEN+W/0)
USTO = USTO + ACOST(I)

SUMTO = SUMTO + ACOST(I)*CCC

*%x¥% FIXED OPERATING COST

USFD = USFO + AFOC(I)

SUMFO = SUMFO + AFOC(I)*CCC

**¥%% VARIABLE OPERATING COST

USOPC = USOPC + AVOC(I)

SUMOPC = SUMOPC + AVOC(I)*CCC

*¥%*¥*% ELECTRIC DRIVER OP COST

USED = USED + AEDP(I)

SUMED = SUMED + AEDP(I)*CCC

*¥4x% COMPRESSOR MAINT AND LABOR COST
USML = USML + ACML(I)

SUMML = SUMML + ACML(I)*CCC

**%%% TECHNICIAN AND INSTRUMENT COST
USTI = USTI + ATIN(I)

SUMTI = SUMTI + ATIN(I)*CCC

*#%x%% WORKING CAPITAL

UWCAP = UWCAP + AWCP(I)

SUMWC = SUMWC + AWCP(I)x*CCC

*¥%%%% TANGIBLE CAPITAL

USTC = USTC + MUCT(I)
TOTD = TOTD + MUCT(I)*CCC
**%%% INTANGIBLE CAPITAL
usciI = USCI + MUCI(I)

SUMCI = SUMCI + MUCI(I)%CCC
*##x%% WELL WORKOVER COST
USWO = USWO + MUWO(I)
SUMWO = SUMWO + MUWG(TI)*CCC
*xx%% WATER TREATING COST
USWT = USWT + AWTC(I)

ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
LKT7
ECON
ECON
ECON

ECON 510

ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
LKT3
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON
ECON



O 0O 0 o0

[w]w)

[wivlgl

oOoa0 O

oo

500

350

SUMWT = SUMWT + AWTC(1)*CCC
**x#% WATER DISPOSAL COST
USWD = USWD + AWDC(I)
SUMWD = SUMWD + AWDC(I)*CCC
**xx%x OVERHEAD COST

USOH = USOH + ADVH(I)
SUMOH = SUMOH + AOVH(I)*CCC
**xx%x WINDFALL PROFIT TAX

UWPT = UWPT + AWPT(I)

**%%x% STATE INCOME TAX

USIT = USIT + ASTX(I)

**x%x% FEDERAL INCOME TAX

UFIT = UFIT + AFIT(I)

**xx%% INTEREST COST

UINT = MUINC(I) + UINT

SINT = MUIN(I) * CCC + SINT

*xxxx PRINCIPAL REPAYMENTS
ULOAN = MUDB(I) + ULOAN

SPRP = MURP(I) * CCC + SPRP
*%%%% DISCOUNTED NET BBL

DNB = DNB + VONET(I)#*CCC
**%%% STD DEVIATION

SPOPV = SIGPO(1)*CCC

SPGPV = SIGPG(I)#*CCC

SOPCP = SIGOPC(I)*CCC

SFOPV = SIGFO(I)*CCC

SEDPY = SIGED(I)*VIM(I)*CCC
SCIPV = SIGCI(I)*CCC

SCTPV = SIGCT(I)#*CCC

*xx%% DAVIDSON EGN-135, ALLOWING OIL VOLUME UNCERTAINTY

D
SSIG0 = SSIGO + SGERT( MUVO(I)*MUVO(I)*(SPOPV*%2+50PCP*%2)
1 + SIGVO(I)*SIGVO(I)*((MUPO(I)*#CCC)*%¥2+(MUDPC(I)*CCC)*%2))
SSIGG = SSIGG + MUVG(I)*SPGPY

SSIGFO = SSIGFO+SFOPV
SSIGED = SSIGED+SEDPV
SSIGCI = SSIGCI+SCIPY
SSIGCT = SSIGCT+SCTRPV

CONSTANT DOLLAR DISCOUNTING AND CASH FLOW

BTINC = ANOI(I) - MUCI(I) - MUCT(I) - AWCP(I) - MUIN(I) - MURP(I)

UCFB = UCFB + BTINC

CDBT(I) = CDBT(M1i) + BTINC*CCD
DCFBT(I) = DCFBT(M1) + BTINC*CCC
UATP = UATP + ATPR(I)

CDAT(I) = CDAT(M1) + ATPR(I)*CCD
DEFAT(I) = DCFAT(M1) + ATPR(I)*CCC
IF(DCFAT(I).LE.O.) IPAY=I

CONTINUE

#**%% COMPUTE TOTAL CAPITAL, DEPRECIATION OVER DTIM

xxx%% AND CAPITAL COEFFICIENT ASSUMING NO RECOVERY (SALVAGE)
33***0AQD THAT ALL TANGIBLE CAPITAL IS EXPENDED FIRST YEAR
IF(TOTD.LE.O.) GO TO 550

DEPAMT = TOTD/DTIM

CREC = 0.0 .

IF(CC .LT. 1.E-6) CC = 1.E-6

YC = (TOTD - XFIT*DEPAMT#*((1+4CC)**DTIM-1.)/(CC*(1+CC)**DTIM)
1 - CREC)/T0TD

*%#x% COMPUTE DCF MEAN AND STD DEVIATION
DCFB = DCFBT(MYR)

MUPPV = DCFAT(MYR)

CFATT = CFAT(MYR)

COSR = 0.0

IF{SUMVOM .NE. 0.0) COSR = SUMVIM / SUMVOM

*x¥%x%% VARIANCES
S1G602 = SSIGO*SSIGO
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SIGG2 = S55IGG*SSIGG

SIGFOR2 = SSIGFO*SSIGFD
SIGEDE = SSIGED*SSIGED
SIGCI2 = SSIGCI*SSIGCI
SIGCT2 = SSIGCT*SSIGCT

*¥##4% DAVIDSON EGN-17, ASSUMES SIGCAP=0
STDDEV = SERT((1-XFIT)*(SIGO2+SIGG2 + SIGFO2+SIGCI2+SIGED2)
1 + YC*YC*SIGCT2) ,

**%%% PAYOUT (AFTER TAX)
PAYOUT = IPAY + DCFAT(IPAY)/(DCFAT(IPAY)-DCFAT(IPAY+1))
IF(PAYOUT.6E.M) PAYOUT=999.99

*#xx* COMPUTE DCF RATE OF RETURN
CALL DCFROR(MYR, I0UT, IDISC,COSTRT,DCFAT,ATPR,
1_TOTD,DTIM,XFIT,XINF,XDR,EFFINV, MUPPV,BFATT,CFAT,ROR)
IF(ROR.GT.1000.5 ROR’= 949.

SUBROUTINE DCFROR(MYR, 10UT,IDISC,COSTRT,DCFAT,ATPR
1 TOTD,DTIM,XFIT,XINF,XDR,EFFINV,MUXPV,CFATT,CFAT,ROR)

ECON 634
ECON 635
ECON 636
ECON 637
ECON 638
ECON 639
ECON 640
ECON 641
ECON 642
ECON 643
ECON 644
ECON 445
ECON 646
ECON 647
ECON 648
ECON 649
ECON 630
ECON 651
ECON 652
ECON 653
DCFROR
DCFROR
DCFROR
DCFROR

COMMON STATEMENTS.

10

20
30

COMMON /FLAGS/ 1J1,
1 IRES, IPAT, IWRIT, IECON, IERR,
2 IR, Iw, IP, NZONE

COMMON /ECC/
1 MUVO(S0), MUVG(S0
1 MUPO(50), MUPG(50
2 MUFQ(50), MUOPC(S
2 MUDB(50), MURP{S0
3 SIGVO(50},SIGPO(S0},S16PG(503 ,SIGPF (50} ,SIGFO(S0),
QREAEED(SO),SIGCT(SO),SIGCI(SO),SIGOPC(SOi
1 MUVO,MUVG, MUVW, MUVT , MUDB, MURP , MUIN, MUPB,

2 MUPQ, MUPG, MUFO, MUED , MUWO, MUCT , MUCT ,

REAL MUSPV,MUXPV
DIMENSION ATPR(50), DCFAT(S0),CFAT(S0)
LOGICAL MARK

INTEGER YR,COUNT

REAL MAXNCF

***¥x% ITERATE ON DISCOUNT RATE TO FIND ZERG DCF
ITMAX = 20

**%%* CHECK WHETHER CASH FLOWS HAVE ANY SIGN CHANGES;
*HEEN IFONOT, THEN NO ROR EXISTS

), MUVW(50), MUVI(50),
), MUWO(50),

0) ,MUED(50), MUCT(50), MUCI(50),
), MUIN(S0), MUPB(50)

NSCHG =
IF(MYR .LE. 1) GO TO 40
DO 10 I=1

MYR
*xxxx FIND FIRST NON-ZERQ CASH FLOW
IF(ATPR(I) .NE. 0.0) GO TO 20
CONTINUE
;E;** ng CASH FLOWS ARE ZERO, ROR DOES NOT EXIST

EFFINV = 0.0

RETURN

GO TO 301

;***¥ FIND A CHANGE IN SIGN FROM YEAR 1 FOREWARD.
NEGYR = I

IF(J .BE. MYR) GO TO 40
J=J+1

-DEFROR
DCFROR
---DCFROR
FLAGS
FLAGS
FLAGS
FLAGS
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
ECC
DCFROR11
DCFROR12
DCFROR13
DCFROR14
DCFROR1S
DCFROR16
DCFROR17
DCFROR21
-DCFROR22
DEFROR23
DCFROR24
DCFROR23
DCFROR24
DCFROR27
DCFROR28
DCFROR29
DCFROR30
DEFROR31
DCFROR32
DCFROR33
DCFROR34
DCFROR3S
DCFROR36
DCFROR37
DCFROR38
DCFROR39
DCFROR40
DCFROR41
DCFROR42
DCFROR43
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40

42

44

0.0) 60 TO 30

~
>o

0 .AND. ATPR(J).GT.0.0) NEGYR =

*%#%% CHECK FOR FEARSIBLE RANGE
IF(NSCHG .NE. 0) GO TO 44
IF(ATPR(MYR) .LE. 0.0) GO TO 42

*#%#% ALL CASH FLOWS ARE POSITIVE
ROR = 1000.
G0 TO 299

*x%%% ALL CASH FLOWS ARE NEGATIVE
ROR = 0.0

EFFINV = 0.0

RETURN

;S;** igéTIALIZE ROR AT USER DISCOUNT RATE

*##%% XROR IS "REAL" DISCOUNT RATE AFTER INFLATION
XROR (1. + XINF) % (1, + ROR)

XDRS = ROR

XDRN = XROR
MUSPV = ATPR(J)

IF(I0OUT.GT.1) WRITE(IW,9090)

9090 FDRMAT(lHO// =} 16HDCFROR 1TERATION / X, 16(1H )/

OO0 00

oo

0O o o o0 00 0 00

X, 3H » 93X, 4H OLD 5X,5HDCFAT,6X,4H NEW

2 ex J3HITR,5X ,4HRATE ,5X,5H $MM ,6X,4HRATE, 6X 6HDCFATP
3 6X,3H~~~,5X, 4H-—-,5X ; SH---—- 16X, 4H-——— , 6X ; GH-———--

RPe e

50

&

*%%%% SEARCH FOR ROR, MAXIMUM OF ITMAX TIMES
DO 35 IT = 1, ITMAX

DCFATT IS THE AFTER TAX PRESENT VALUE
DCFATP IS THE FIRST DERIVATIVE OF DCFAT WRT ROR

DEFATT = ATPR(MYR)

IF(IDISC .EQ. O0) DCFATP =.FLOAT(MYR) * ATPR(MYR)
IF(IDISC .GT. 0) DCFATP (FLOAT(MYR) - 0.35) * ATPR(MYR)
D0 50 I = 2,MYR

DCFATY = DC#ATT / XROR + ATPR(MYR - I + 1)

IF(IDISC .EQ. Q)

DCFATP = DCFATP / XROR + ATPR(MYR - 1 + 1)
* FLOAT(MYR - 1 + 1)
IF(IDISC .GT. 0)
DCFATP = DCFATP / XROR + ATPR(MYR - I + 1)
* (FLODAT(MYR - 1 + 1) - 0.9)
CONTINUE

*#x%%% SUBTRACT PROJECT START~UP COST FROM PRESENT VALUE
IF(IDISC .GT. O)
DCFATT = DCFATT / XROR ** 0.5
DCFATP = -DCFATP / XROR
IF(IDISC .GT. O)
DCFATP = DCFATP * XROR #** 0.5

**¥%x% TRY TOP CLOSE NET PRESENT VALUE TO ZERO
IF(ABS(BCFATT) .LT. 0.01) GO TO &0

*¥%%% SAVE OLD RATE

XDRS = XROR

*x#x%% USE NEWTON-RAPSON TO ADJUST ROR
XROR = XROR - DCFATT/DCFATP

*#%%% PREVENT NEGATIVE OR Z2ERO ROR
IF(XROR .LT. 1.0) XROR = 1.0

¥%%%% SAVE NEW PRESENT VALUE

MUSPV = DCFATT

**¥%#%% SAVE NEW RATE

XDRN = XROR

BS(ATPR(I)) .EQ. ATPR(J) / ABSSAIPR(J))) GO 70O 30

DCFROR44
DCFROR4S
DCFROR46
DCFROR47
DCFROR48
DCFROR49
DCFRORS0
DCFRORS1
DCFRORSE
DCFRORS3
DCFRORS4
DCFRORSS
DCFRORS6
DCFRORS7
DCFRORS8
DCFRORSY
DCFROR&0O
DCFRORG1
DCFROR62
DEFROR63
DEFRORG4G
DEFRORGS.
DCFRORbG6
DCFRORG7
DCFROR&8
DCFROR&Y
DCFROR70
DCFROR71
DCFROR72
DCFROR73
DCFROR74
DCFROR73
DCFROR76
DCFROR77
DCFROR78
DCFROR79
DCFRORBO
DCFRORB1
DCFRORB2
DCFROR83
DCFRORB4
DCFRORBS
DCFRORB6
DCFRORB7
DCFRORB8
DCFRORB9
DCFROR90
DCFROR?1
DCFRORS2
DEFROR?3
DCFROR94
DCFROR9S
DCFRORZ6
DCFROR97
DCFROR98
DCFROR99
DCFR0O100
DCFRO101
DCFRQO102
DCFRO103
DCFRO104
DCFRO105
DCFRO106
DCFRO107
DCFR0O108
DCFRO109
DCFRO110
DCFRO111
DCFRO112
DCFRO113
DCFRO114
DCFRO115
DCFRO116
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IFC(I0UT .GT. 1) WRITE(IW,9100)
FORMAT (3X,15,F10.4,F10.2,F10.4,2X,F10.3)

55 CONTINUE
IF HERE - DID NOT CONVERGE ON ROR

ROR =
GO TO

%
60 MUPPV
ROR =

HH R
COMPUTES

-1.0

299

SOLVED FOR ROR
= DCFATT

(XROR /7 (1. + XINF) - 1.) * 100.

INVESTMENT EFFICIENCY
INVESTMENT EFFICIENCY AT USERS SET DISCOUNT RATE

XDR : DISCOUNT RATE FOR RUN

CFAT(YR)

: UNDISCOUNTED AFTER TAX CASH FLOW IN YEAR 'YR'

MYR : LIFE OF PROJECT

SUMPCF
SUMNCF

SUM OF DISCOUNTED POSITIVE CASH FLOWS

: ABSOLUTE VALUE OF SUM OF NEGATIVE CASH FLOWS

DMUL : DISCOUNTING FACTOR

299 CONTINUE
XINVES = MUCT(1) + MUCI(1) + COSTRT

ATPR(1)
DO 201
XX = MU
ATPR(I-
ATPR(I)
CCF=0.
SUMPCF=0.

ATPR(1) + XINVES
2,MYR

(H) + muci(n

= ATPR(I-1) - XX
ATPR(I) + XX
0

e w ]
I ~~tit 0

SUMNCF=XINVES
MAXNCF = XINVES
MARK=.FALSE.

DO 3000 YR=1,MYR
DON'T DISCOUNT YEAR ONE

DISCOUNT

ALL OTHER YEARS ON THE HALF YEAR

T1=FLOAT(YR)-0.5
DMUL=(1.0+XDR)*%T1

T2 : DISCOUNTED CASH FLOW IN YEAR

T2=ATPR(YR) /DMUL
CCF : CUMULATIVE CASH FLOW
CCF=CCF+T2
IF(CCF.GE.O0.)MARK=.TRUE.

CEASE ACCUMULATING NEGATIVES ONCE CUMULATIVE CASH FLOW GOES POSITIVE

IF(T2.6E.0Q. )SUMPCF=SUMPCF+T2
IF(MARK)GO TO 3000
IF(T2.LT.0.)SUMNCF=SUMNCF+T2*(-1.)
CALCULATE MAXIMUM NEGATIVE CASH FLOW - MAXNCF

IF(SUMNCF .GT. MAXNCF) MAXNCF = SUMNCF

CONT INUE
COMPUTE INVESTMENT EFFICIENCY AS THE RATIO OF POSITIVE TO

NEGATIVE CASH FLOW SUMS

CASE WHERE THERE ARE NO NEGATIVE CASH FLOWS
IF (SUMNCF .LE.O.)EFFINV=1,0E03

ALL OTHER CASES
IF(MAXNCF .GT.0.)EFFINV=SUMPCF /MAXNCF

THIS COMPLETES COMPUTATION OF INVESTMENT EFFICIENCY

1T ,XDRS, MUSPV, XDRN,DCFATP

DCFRO117
DCFRO118
DCFRO119
DCFRO120
DCFRO121
DCFRO122
DCFRO123
DCFRO124
DCFRO125
DCFRO126
DCFRO127
DCFRO128
DCFRO129
DEFRO130
DCFRO131
DCFRO132
DCFRO133
DCFRO134
LKT1 91
DCFRO136
DCFRO137
DCFRG138
DCFRO139
DCFRO140
DCFRO141
LKT7 17
LKT7 18
DCFRO144
DCFRO145
DCFRO146
DCFRO147
DCFRO148
DCFRO149
LKT7 19
LKT7 20
DCFRO152
DCFRO1353
DCFRO1354
DCFRO155
DCFRO156
DCFRO157
DCFRO158
DCFRO159
DCFRO160
DCFRO161
DCFRO162
DCFRO163
DCFRO164
DCFRB165
DCFRO166
DCFRO167
DCFRO168
DCFRO169
DCFRO170
DCFRO171
DCFRO172
DCFRO173
DCFRO174
DCFRO173
DCFRO176
DCFRO177
DCFRO178
DCFRO179
DCFRO180
DCFRO181
DCFRO182
DCFRO183
DCFRO184
DCFRO18S
DCFRO186
DCFRO187
DCFRO188
DCFRO18%9
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DCFRO190

CONT INUE
ATPR(1) = ATPR(1) - XINVES LKT7 21
DO 302 I=2,MYR DCFRO152
xx = MucT(d) + mucicn DCFR0193
ATPR(I-1) = ATPR(I-1) + XX DCFRO194
302 ATPR(I) = ATPR(I) - XX DCFRO195
RETURN DCFRO196
END DCFRO197
SUBROUTINE OUTE OUTE &
OUTE 3
OUTE &
- — -— -— OUTE S
COMMON STATEMENTS. OUTE &
- OUTE 7
COMMON /FLAGS/ 1J1, FLABS 2
1 IRES, IPAT, IWRIT, IECON, IERR, FLAGS 3
2 IR, IW, IP, NZONE N FLAGS 4
FLAGS 5
COMMON /ECI/ M,MYR,10UT,ISTATE,IDIST,IFIT,IDISC,IFUL,1S0,IDEP,  ECI 2
1 PCTDBT, DBTINT, NYRRPY, NYPAID, IDEBT, ECI 3
1 CCOST,  GTRT, = WTRT, CTACR, DCE, PLANT, ECI &
1 wocost, wrcodT, wpcodT,cosTMl,costTl, ECI 5
1 WCAP, * UNCO, = WPP, ' COSTRT, FOCPL, FOCPM, FOCPH ECI &
1 WPP1, WPP2, WPP3, WPP4, POBASE, OILB, OILC, DECL, ECI 7
1 XDR XINF,  XROY, XSEV, XWPT, XFIT, XTCR, DTIM, XSTX, ECI 8
1 WPHO, EPHO, BTIM, BPOW ECI 9
1 EscPO, ESCPG, ESCPF, ESCFO, ESCED, ECI 10
1 ESCCT, ESCCI, ESCWO, ESCWT, ESCWI, ESCBP, ECI 11
1 0ILR(50), vO5(50), ECI 12
1 POL(S0), POM(50), POH(50), PBL(50), PGM(50), PGH(50) ECI 13
2 FOCL(50}, Focm(s0}, FocH(S0},0PCL(50},0PCM(505, OPCH(S0S, ECI 14
3 EDPL(50), EDPM(50), EDPH{(50),WTC{50), WDC(50), CML(50) ECI 15
4 CTPL(50), CTPM(50), CTPH(50),CIPL(50},CIPM(50}, CIPH(S0}, ECI 16
4 CTCL(50), CTCM(50), CTCH(50),CICL(50),CICM(50), CICH(50), ECI 17
S VOL(50), VOM(50),  VOH(50), WO(50), BPG(50), CTI(50) ECI 18
5 VEM(50), VWM(50), VIM(50), GNUM(58),GENC(S05, TITL(20}, ECI 19
6 GHM(50), VHM(50), VDM(50), GHP(50), VHP(50) ECI 20
7 VOP(50), VGP(50), WVWP(50), VIP(50), PATI(50}, PATIOX(S0) ECI 21
COMMON /ECC/ ECC @
1 MUVO(50), MUVB(SO0), MUVW(S0), MUVI(50), ECC 3
1 MUPO(50), MUPG(50), MUWO(S0) . ECC &
2 MUFO(50), MUOPC(S0},MUED(50), MUCT(S0), MUCI(50), ECC 5
2 MUDB(50), MURP(S0), MUIN(50), MUPB(50) ECC &
3 SIGV0(503,516P0 (503 ,516PG (503 ,SIGPF (505 ,516F0(50), ECC 7
4 SIGED(50),5IGCT(50),51GCI(50),51G0PC(S0) ECC 8
REAL ECC 9
1 MUVO,MUVG,MUVW,MUVI ,MUDB, MURP ,MUIN, MUPB, ECC 10
2 MUPO,MUPG,MUFO, MUED ,MUWO , MUCT ,MUCT , ECC 11
3 MuopPe ECC 12
ECC 13
COMMON /ECS/ ECS 2
1 SUMVOM, COSR, TOTD, SUMCI, SVOS, SVGS, SVPS, SVIS, SUMWT, ECS 3
1 CINJ, ~ CE@P, CSEC, CNVT, CREP, CDAO, CIWO, ECS &
1 URPV, UNOS, USEV, USFO, USOPC, USED, USWO, USTO, ECS 5
1 UWCAP, USWT, USWD, USOH, USTC, USCI, UCFB, USML, USTI, ECS &
1 UWPT,  USIT, UFIT, UATP, UINT, ULOAN,SINT, SPRP ECS 7
2 SRPV,  SNOS, SSEV, SUMFG,SUMOPC,SUMED,SUMWG,SuMWD, ECS 8
2 sumoh, SumMl, SUMTE, DCFB ECS 9
3 MUPPV, STDDEV, PAvouf, PLIFE, ROR, CC, ECS 10
4 SUMIN, SUMWC, DNB, SVON, EFFINV ECS 11
ECS 12
REAL MUPPV ECS 13
ECS 14
COMMON /ECO/ ECO @
1 DATE(50), VOSLD(S0),VONET(50),A0VH(S0), AOVHI ECO0 3
1 VGNET (50} ,AREVO(50) ) AREVE(50) ) ARVWPT (50) , AREV(30) , ECO &
2 ARDY(50), ANET(50), ASEV(50), AWTC(S0),  AWDC(50), EC0 5
2 ACML(50), ATIN(50), AINJ(50), ECO &
3 AFOC(50), AVOC(50), AEDP(50), ACOST(50), ACAP(50), ECO 7
4 AWPP(50), ANIP(50), TXCR(50), DEPS(50), AWCP(50), ECO 8
4 AROR(50). ABGR(50), ABWR(S0), ABIR(SO0), ECO0 9
S ANGI(50), ASTX(50), AWPT(50), ANTI(50), AFIT(50), ATPR(50), ECO 10



c
c

oo 0o o0

& CFAT(50), CDAT(50), DCFAT(50),PVDF(50), CNOI(50),
7 CFBT(50), CDBT(50), DCFBT(50)
DIMENSION IDS1(50),IDS2(50)
DATA IDSH / 3H--- /
#*x%% WRITE ECONOMIC ANALYSIS REPORTS
UNIT = 1000.
UMM = UNIT®UNIT
*##3%% PRINT ANNUAL TABLE - UNDISCOUNTED VALUES
IF(IOUT.LE.O) GO TO 600
INIT = 1
IFIN = 10
IF(M.LT.IFIN) IFIN = M
DO S0 I=1,M
IDS1(I) = IDSH
IDS2(I) = IDSH
MUPO(I) = MUPO(I)*UMM
MUPG(I) = MUPG(I)*UMM
VGM(I) = VGM(I)/UNIT
MUVI(I) = MUVI(I)/UNIT
MUVW(I) = MUVW(I)/UNIT
MUVG(I) = MUVG(I)/UNIT
50 MUVO(I) = MUVO(I)/UNIT
*xx%%x TOP OF LOOP FOR ANNUAL VALUES
100 CONTINUE
WRITE(IW,9001)
9001 FORMAT(1H1)

WRITE (IW,9002)

9002 FORMAT (60X ,49HECONOMIC ANALYSIS OF AN INSITU COMBUSTION PROJECT

2005

1 7 60X,69(1H-) )

NRITE(iN,?OOS) (I,I=INIT,IFIN)
FORMAT ( 1HO, 24HUND I SCOUNTED MEAN VALUES / 1X,24(1H-),15X,1018)

WRITE(IW,9006) (DATE(I),
WRITE(IW,9100) (IDSI(I),
WRITE (IW,9010) (MUVO(I),
WRITE(IW,9011) (VEBM(I)
WRITE(IW,9012) (MUVW(I],
WRITE(IW,9014) (MUVI(I),
WRITE(IW,9015) (AGOR(I),
WRITE(IW,9016) (ABGR(I),
WRITE(IW,9017) (ABWR(I),
WRITE(IW,9018) (ARIR(I),
WRITE(IW,9100) (IDS1(I)
WRITE(IW,9121) (VONET(I}
WRITE(IW,9122) (VGNET(I
WRITE (1W,%0228) (MUPO(I)
WRITE(IW,9023) (MUPG(I}
WRITE(IW,9025) (AREVO(I)
WRITE(IW,9026) (AREVG(I
WRITE(IW,9027) (AREV(I)
WRITE(IW,9030) (AROY(I),
WRITE(IW,9033) (ANET(I),
WRITE(IW,9100) (IDS1(I),
WRITE (IW,9035) (ASEV(I),
WRITE(IW,9036) (AFOC(I),
WRITE(IW,9037) (AVOC(I),
WRITE(IW,9038) (AEDP(I),
WRITE(IW,9138) (ACML(I),
WRITE(IW,9238) (ATIN(I),
WRITE(IW,9039) (MUWO(I),
WRITE(IW,9040) (AWTC(I),
WRITE(IW,9041) (AWDC(I),
WRITE(IW,9042) (AOVH(I)
WRITE(IW,9043) (ACOST(1}
WRITE(IW,9045) (ANOI(I)
WRITE(IW,90455) (CNOI(I)
WRITE(IW,90456) (AWCP(I),

I=INIT, IFIN)
1DS2(1), I=INIT,IFIN)
I=INIT,IFIN)
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ECO
ECD
ECO
DUTE

OUTE .

OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
DUTE
OUTE
OUTE
OUTE
OUTE
QUTE
OUTE
QUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
QUTE
BUTE
QUTE
OUTE
OUTE
QUTE
OUTE
OUTE
OUTE
OUTE
QUTE
OUTE
QUTE
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OUTE
OUTE
OUTE
OUTE
OUTE
OUTE

b e e b e fod b ok b
ONCNLSWWR

19



WRITE(IW,9047) (MUCT(I), I=INIT,IFIN) OUTE
WRITE(IW,9048) (MUCI(I), I=INIT,IFIN) OUTE
IF(IDEBT .NE. 0) WRITE(iw,30481)° (MUIN(I), I=INIT,IFIN) OUTE
IF(IDEBT .NE. 0) WRITE(IW,90482) (MUDB(I), I=INIT,IFIN) OUTE
IF(IDEBT .NE. 0) WRITE(IW,90483) (MURP(I), I=INIT,IFIN) OUTE
IF(IDEBT .NE. 0) WRITE(IW,90484) (MUPB(I), I=INIT,IFIN) OUTE
WRITE(IW,9050) (CFBT(I),  I=INIT,IFIN) OUTE
WRITE(IW,9100) (IDS1(I),IDS2(I), I=INIT,IFIN) OUTE
WRITE(IW,9052) (BPO(1),  I1=INIT,IFIN) OUTE
WRITE(IW,9053) (AWPP(I}, I=INIT,IFIN) OUTE
WRITE(IW,9054) (ANIP(I), I=INIT,IFIN) OUTE
WRITE(IW,9055) (AWPT(I), I=INIT,IFIN) OUTE
WRITE (IW,9056) (ASTX(I), I=INIT,IFIN) OUTE
WRITE(IW,9057) (ACAP(I), I=INIT,IFIN) OUTE
WRITE(IW,9059) (TXCR(1), I=INIT,IFIN) OUTE
WRITE(IW,9060) (ANTI(I), I=INIT,IFIN) OUTE
WRITE(IW,9065) (AFIT(I), I=INIT,IFIN) OUTE
WRITE(IW,9070) (ATPR(I), I=INIT,IFIN) OUTE
WRITE(IW,9075) (CFAT(1), I=INIT,IFIN) gg;g

»
9006 FORMAT(2X ,40HYEAR ENDING «vvuvveonn.s e ereteeaeennns , 10F8.0) OUTE
9010 FORMAT(2X,40HGROSS OIL PRODUCTION, MBBL ..v.evveew..., 10F8.1) OUTE
9011 FORMAT(2X,4OHWASTE GAS PRODUCTION, MMSCF ....e.u.... ., 10F8.0) QUTE
9012 FORMAT(2X,4OHANNUAL WATER PRODUCTION, MBBL .........., 10FB.0) OUTE
9014 FORMAT(2X,40HANNUAL AIR INJECTED, MMSCF ......... -..., 10F8.0) OUTE
9015 FORMAT(2X,40HOIL PRODUCTION RATE, BBL/D nuvvvennnen. , 10FB.0) OUTE
9016 FORMAT(2X,40HGAS PRODUCTION RATE, MSCF/D evevvnnnns. , 10F8.0) OUTE
9017 FORMAT(2X,40HWATER PRODUCTION RATE, BBL/D ........ ~e., 10F8.0) OUTE
9018 FORMAT(2X,40HAIR INJECTION RATE, MSCF/D vueunvvennvnns . 10F8.0) 88;5
9121 FORMAT(2X,40HNET OIL SOLD (LESS ROYALTY), MBBL ...... , 10F8.1) OUTE
C9122 FORMAT(2X,40HNET GAS SOLD (LESS ROYALTY), MMSCF ....., 10F8.1) OUTE
9022 FORMAT(2X,40HMEAN PRICE OF OIL, $/BBL verevnoerennnesn . 10F8.2) OUTE
£9023 FORMAT(2X,40HMEAN PRICE OF GAS, $/MSCF .evvevevncenns . 10F8.2) QUTE
9025 FORMAT (2X ,40HANNUAL GROSS OIL SALES, MM$ «.vvevwnnn... , 10F8.2) QUTE
£9026 FORMAT(2X,4OHANNUAL GROSS GAS SALES, MM$ ........ e.., 10FB.2) OUTE
£90265 FORMAT (2X,40HRELEASED OIL REVENUES, MM$ ...ovvneses.. , 10FB.2) OUTE
€9027 FORMAT(2X,40HANNUAL TOTAL GROSS SALES, MM$ .......... , 10F8.2) OUTE
9030 FORMAT (2X,40HANNUAL ROYALTY, MM$ +.uveveeennnnneenns , 10F8.2) OUTE
C9033 FORMAT (2X , 4OHANNUAL NET SALES, MM$ ..ovennnn.. ceeens . 10F8.2) OUTE
9035 FORMAT (2X ,40HANNUAL SEVERANCE TAX, MM$ .evenvevennns , 10F8.2) QUTE
9036 FORMAT(2X,40HANNUAL FIXED OPERATING COST, MM$ ..... ., 10FB8.2)  OUTE
9037 FORMAT(2X,40HANNUAL VARIABLE OPERATING COST, MM$ ...., 10F8.2) OUTE
9038 FORMAT(2X,4OHANNUAL ELECTRIC DRIVER OP COST, MM$ ...., 10F8.2) OUTE
9138 FORMAT (2X,40HANNUAL COMPR MAINT AND LABOR COST, MM$ ., 10F8.2) QUTE
9238 FORMAT (2X,4O0HANNUAL TECHNICIAN AND INST COST, MM$ ..., 10F8.2) OUTE
9039 FORMAT (X ,4O0HANNUAL WELL WORKOVER COST, MM$ »....... ., 10F8.2) OUTE
9040 FORMAT (2X,40HANNUAL PROD WATER TREATING COST, MM$ ..., 10F8.2) OUTE
9041 FORMAT(2X,4OHANNUAL PROD WATER DISPOSAL COST, MM$ ..., 10F8.2) QUTE
9042 FORMAT (2X ,4OHANNUAL OVERHEAD, MM$ .......... R, , 10F8.2) OUTE
9043 FORMAT(2X,40HANNUAL TOTAL OPERATING COST, MM$ ......, 10FB8.2) OUTE
9045 FORMAT(2X,4O0HANNUAL NET OPERATING INCOME, MM$ ......, 10F8.2) OUTE
90455 FORMAT(2X,40HCUM NET OPERATING INCOME, MM$ ......... , 10F8.2) OUTE
9046 FORMAT(2X,4OHANNUAL WORKING CAPITAL, MM$ ............, 10F8.2) OUTE
9047 FORMAT(2X,40HANNUAL TANGIBLE CAPITAL , MM$ .........., 10F8.2) LKTS
9048 FORMAT(2X,4OHANNUAL INTANGIBLE CAPITAL, MM$ ......... » 10F8.2) OUTE
90481 FORMAT(2X,4OHANNUAL DEBT INTEREST COST, MM$ ......... . 10FB.2) QUTE
90482 FORMAT (2X,40HANNUAL NET BORROWING, MM$ veuuueenosenns . 10FB.2) OUTE
90483 FORMAT (2X ,40HANNUAL PRINCIPAL REPAYMENT, MM$ ........, 10FB.2) QUTE
90484 FORMAT(2X,40HANNUAL UNAMORTIZED LOAN, MM$ ......c.eu.. , 10F8.2) QUTE
C9050 FORMAT(2X,40HCUM CASH FLOW BEFORE TAXES, MM$ ........, 10F8.2) 83¥E
9052 FORMAT(2X,40HBASE PRICE OF OIL FOR WPT, $/BBL ......., 10F8.2) QUTE
9053 FORMAT (2X,40HANNUAL WINDFALL PRICE DIFF, $/BBL ......, 10F8.2) OUTE
9054 FORMAT(2X,40HANNUAL NET INCOME LIMIT PRICE, $/BBL ..., 10F8.2) OUTE
9055 FORMAT (2X ,4O0HANNUAL WINDFALL EXCISE TAX, MM$ ......., 10F8.2) OUTE
9056 FORMAT(2X,40HANNUAL STATE INCOME TAX, MM$ .........., 10F8.2) OUTE
9057 FORMAT (2X,40HANNUAL INTANGIBLES AND DEPR, MM$ ......, 10F8.2) OUTE
9059 FORMAT (2X,40HANNUAL INVESTMENT TAX CREDIT, MM$ ......, 10F8.2) QUTE
9060 FORMAT (2X,40HANNUAL NET TAXABLE INCOME, MM$ ........ » 10F8.2) OUTE
9065 FORMAT(2X,4OHANNUAL FEDERAL INCOME TAX, MM$ ........, 10F8.3) QUTE
9070 FORMAT(2X,40HANNUAL AFTER TAX CASH FLOW, MM$ ....... , 10F8.2) OUTE
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9075 FORMAT(2X,40HCUM CASH FLOW AFTER TAXES, MM$

C9100 FORMAT (42X, 10(2X,2A3))

C
c
c
C

c
c
c
c

c

IF(IFIN.GE.M) GO TO 200
INIT = IFIN+1

IFIN = MINO(CINIT+9,M)
GO 70 100

10FB.2)

3

OUTE
OUTE
OUTE
DUTE
OUTE
OUTE
DUTE
DOUTE
QUTE

200 IF(IOUT.LT.0) GO TO 600
##%xx% PRINT UNDISCOUNTED VALUES - SUMMED OVER ECONOMIC LIFE
WRITE(IW,9001)

WRITE(IW,9204) PLIFE,URPV,UNOS

1_USEV,USF0,USOPC,USED,USML ,USTE , USWO, USWT , USWD

9204 FORMAT(/ 4%,2SHUNDISCOUNTED MEAN RESOLTS / 4X,25(1H-) /

1 5X,40HPROJECT ECONOMIC LIFE +vuuvvvneenneanars ,F10.1,BH YEARS /
1 5X,40HTOTAL GROSS SALES uvuvnvvrnovrnnnnnnn, JF10.3,8H MM$ 7/
2 5X,40HTOTAL NET SALES eunvvvmmvomnrvnnmnn, JF10.3,8H MMs 7
3 5X,40HTOTAL SEVERANCE TAX +nvvvnvvrvnnovnnnnns JF10.3.84 MM$  /
4 5X,40HTOTAL FIXED OPERATING COST ...nnneiiiil. JF10.3,8H MM$  /
S 5X,40HTOTAL VARIABLE OPERATING COST ..vvvvvw.. JF10.3,8H MM$  /
& 5X,40HTOTAL ELECTRIC DRIVER OP COST ..v..ovuw.. JF10.3,8H MM$  /
7 5X,40HTOTAL COMPR MAINT AND LABOR COST ....... JF10.3,8H MM$  /
7 5X,4OHTOTAL TECHNICIAN AND INSTR COST ........ JF10.3,8H MM$  /
8 5X,40HTOTAL WELL WORKOVER COST v..woenvoneonn, JF10.3,8H MM$  /
9 5X,40HTOTAL PROD WATER TREATING COST oeiune... JF10.3,8H MM$  /
9 S5X,40HTOTAL PROD WATER DISPOSAL COST ....wvww.. JF10.3,8H MM$ )
TOPC = USFO+USOPC+USEV+USED+USML+UST I +USWO+USWT+USWD+USOH

TINV = UWCAP + USTC + USCI

TEXP = TOPC + TINV + UINT

WRITE (IW,9205) USOH .
1 agggﬁuwéAP,USTC,U86I,TINV,UINT,TEXP,UCFB,UWPT,USIT,UFIT,UATP,

9205 FORMAT (

1 SX,40HTOTAL OVERHEAD «'uuveennronnnesnneennnes ,F10.3,BH MMs /
1 SX,40HTOTAL OPERATING COST +nuennnn.. e, JF10.3,8H MMs  /
2 5X,40HTOTAL WORKING CAPITAL nvvvnuevonnnnnnnn, JF10.3,8H MM$  /
S SX,40HTOTAL TANGIBLE CAPITAL -ovuvvonnvnnvin .., F10.3,8H MM$ 7/
& 5X,40HTOTAL INTANGIBLE CAPITAL +uuvvvvvvnnons . F10.3,8H MM$ /
7 5X,4O0HTOTAL CAPITAL INVESTMENT +nvvenvonnvnnn, JF10.3,8H MM$  /
A 5X,40HTOTAL DEBT INTEREST EXPENSE . rvvbovvvnon. JF10.3,84 MM$  /
8 5X,40HTOTAL PROJECT EXPENSE «©.ovevvonvvnnnon JF10.3,8H MM$  /
8 S5X,40HTOTAL CASH FLOW BEFORE TAX wvvvvvvvennn. JF10.3,8H MM$  /
7 5X,40HTOTAL WINDFALL EXCISE TAX wvvrvvvvrnnnnn JF10.3,8H MM$ 7
8 S5X,40HTOTAL STATE INCOME TAX +euvvrvnnvvnnnns .,F10.3)8H MMs /
B 5X,40HTOTAL FEDERAL INCOME TAX vvrrvnvvnnnnis JF10.3,8H MM$  /
9 5X,40HTOTAL AFTER TAX PROFIT wenvvrvnnvrnns -...F10.3)8H MM$ /
B 5X,40HTOTAL LOAN AMOUNT ......... R JF10.3,8H MM$ )

*#*x%% PRINT ANNUAL TABLE - DISCOUNTED VALUES

QUTE
OUTE
QUTE
QUTE
OUTE
OUTE
OUTE
OUTE
QUTE
OUTE
OUTE
OUTE
OUTE
OUTE
DUTE
QUTE
OUTE
OUTE
DUTE
QUTE
QUTE
OUTE
OUTE
OUTE
OUTE
QuUTE
QUTE
QUTE
OUTE
OUTE
QUTE
QUTE
QUTE
OUTE
OUTE
QUTE
OUTE
OUTE
OUTE
QUTE
BUTE
DUTE
QUTE
QUTE
OUTE

WRITE(IW,9911)

OUTE
OUTE

9911 gORMAT(1H0/10X,50HECDNOMIC ANALYSIS OF AN INSITU COMBUSTION PRDJECt&;g
*

1 /7 10X,47¢(1H-) )

WRITE(IW,9500)
9500 FORMAT (1H0, 15X , 6HPRESNT, 21X
11X, 6X,SHVALUE, 10X,1&HBEF
g§,inA#TER Tax' (MM$} /
H]
4X , bHANNUAL
7X,4H-——— .5
3 4X,6H~-———2=
E2 2 2. 23

X,7HCONST ¢,

ié
3x

DO 300 I=1

20HMEAN VALUE CASH FLOW
ORE TAX (MM$), BX,

4HYEAR, SX , 6HFACTOR, 4X , GHANNUAL , 3X
3X, 7HDISCNT

3 L ’Bx

/

7HCONST $,3X,7HDISCNTD,
D/

,7H 23X,
PRINT ONLY VALUES TPIRU’ECONOMIC LIFE

MYR
500 WRITE(IW,9550) I DATE(I),PVDF(1),CFBT(1),CDBT(I),

1 DCFBT(1}, cFAT(i),cDAT(1},DEFAT(])
9550 FORMAT(2X,I2, F8.0, F10.4, 7F10.2 )

OUTE
DUTE
OUTE
OUTE
OUTE
OUTE
OUTE
OUTE
DUTE
DUTE
QUTE
OUTE
OUTE
OUTE
OUTE



C OUTE
C OUTE
C-- - — - - OUTE
C »#x%%x SUMMARY OF RESULTS OUTE
o — — o OUTE
C QUTE
600 CALL TITLE(TITL) 83¥E
TOPC = SUMFO+SUMOPC+SUMED+SUMML+SUMT I +SUMWO+SUMWT+SUMWD+SUMOH OUTE

& + SSEV OUTE
TINV = SUMWC + TOTD + SUMCI OUTE

TEXP = TOPC + TINV + SINT OUTE
DCPDB = 0.0 OUTE

IF (DNB.GBT.0.) DCPDB = TEXP/DNB*UNIT OUTE
WRITE (1W,9600) PLIFE,SUMVOM,COSR,SVON, DNB OUTE

9600 FORMAT (1RO, 3X,1B8HPRODUCTION SUMMARY / 4X,1B8(1H-) / OUTE
1 5X,40HPROJECT ECONOMIC LIFE ..eueeuns veeveesss,F10.1,8H YEARS / OUTE

1 5X,40HCUMULATIVE OIL PRODUCED +.vueeveenens ... F10.0,84 MBBL / DUTE

1 5X,40HCUMULATIVE AIR/OIL RATIO ....... A JF10.2,8H MSCF/B/ OUTE

1 5X,40HCUMULATIVE NET OIL SOLD vu..... ey 'F10.0,8H MBBL / OUTE

2 S5X.40HPRESENT VALUE OF NET OIL SOLD ....... ....)F10.0,84 MBBL ) OUTE
WRITE(IW,9604) SRPV,SNOS, OUTE

1 SSEV,SUMFO, SUMOPC , SUMED , SUMML , SUMT I, SUMWO , SUMWT , SUMWD OUTE
9604 FORMAT(1HO, *3X, 12HMEAN RESULTS / 4X,i2(1H-} /7 OUTE
3 5X,40HPRESENT VALUE OF TOTAL GROSS SALES .....,F10.3,8H MM$ / OUTE

4 5X,40HPRESENT VALUE OF TOTAL NET SALES ....... JF10.3.8H MM$ / OUTE

4 5X,40HTOTAL SEVERANCE TAX (PV) vuvevoenevsnn ... F10.3,8H MM$ / DUTE

5 5X,40HTOTAL FIXED OPERATING COST (PV) ...... ..,F10.3,8H MM$ / OUTE

5 5X,40HTOTAL VARIABLE OPERATING COST (PV) ..... JF10.3.8H MM$ / OUTE

& 5X,40HTOTAL ELECTRIC DRIVER OP COST (PV) ..... JF10.3,8H MM$ / OUTE

7 5X,40HTOTAL COMPR MAINT AND LABOR COST (PV) ..,F10.3,8H MM$ / OUTE

7 5X)40HTOTAL TECHNICIAN AND INSTR COST (PV) ...,F10.3,8H MM$ / OUTE

8 5X,40HTOTAL WELL WORKOVER COST (PV) wvuvevenns 'F10.3,84 MM$ / OUTE

9 5X,40HTOTAL PROD WATER TREATING COST (PV) ....,F10.3,8H MM$ / OUTE

9 5X)40HTOTAL PROD WATER DISPOSAL COST (PV) ....,F10.3,8H MM$ ) OUTE
WRITE(IW,9605) SUMOH OUTE

1 TOPC,SUMWC,TOTD,SUMET, TINV,SINT, TEXP,SPRP,DCPDB,DCFB OUTE
9605 FORMAT( OUTE
1 5X,40HTOTAL OVERHEAD (PV) ...eveun. Cereereenan ,F10.3,84 MM$ / OUTE

1 5X,40HTOTAL OPERATING COST (PV) vrvnuevrenneenn JF10.3,84 MM$ / OUTE

2 5X)40HTOTAL WORKING CAPITAL (PV) \vvueuusveens 'F10.3,8H MM$ / OUTE

S 5X,40HTOTAL TANGIBLE CAPITA% INVESTED (PV) ...,F10.3,8H4 MM$ / OUTE

& 5X,40HTOTAL INTANGIBLE CAPITAL (PV) +.vvvvvns. 'F10.3.8H MM$ 7 DUTE

7 5X,40HTOTAL CAPITAL INVESTMENT (PV) ...nnn... . F10.3,8H MM$ / OUTE

A 5X,40HTOTAL INTEREST EXPENSE (PV) +evuunvvnns. JF10.3,8H MM$ / OUTE

8 5X,40HTOTAL PROJECT EXPENSE (PV) wvwvvuun. ~....)F10.3,8BH MM$ / OUTE

B 5X,40HTOTAL LOAN PRINCIPAL REPAYMENT (PV) ....)F10.3,8H MM$ / DUTE

8 5X,40HDISCOUNTED COST PER DISC NET OIL ..... .., F10.3,8H $/BBL / OUTE

- 9 5X,40HDISCOUNTED CASH FLOW BEFORE TAX +vvwvwn.. JF10.3,8H MM$ ) 88¥E
PXDR = XDR#100. DUTE

PCC = CC#*100. DUTE

OROR = 100.%{(1.+ROR/100.)%(1.+XINF) - 1.0) OUTE

DCFL = MUPPY - 1.22%STDDEV OUTE

DCFH = MUPPV + 1.43%STDDEV OUTE

RPE = 0.0 OUTE

RPI = 0.0 OUTE
PROBZ = 0.0 OUTE
IF(TINV.LE.O.) GO TO 630 OUTE

RPI = MUPPY/TINV OUTE

630 IF{TEXP.LE.0.) GO TO &40 OUTE
RPE = MUPPV/TEXP OUTE

640 1F(DNB.LE.O.) GO TO 650 OUTE
DCFGBS = MUPPY/DNB*UNIT OUTE

650 WRITE(IW,9650) PXDR,DCFL,MUPPV,DCFH,STDDEV, OUTE
1 PAYOUT,RPI,RPE,DCFGS,EFFINV,ROR OUTE
9650 FORMAT (1HO,  3X,33HPROJECT PROFITABILITY (AFTER TAX) / 4X,21(1H-) /OUTE
1 5X,4OHAVERAGE 'MONETARY DISCOUNT RATE +.evwu... ,F10.2,8H  PCNT  /OUTE

1 5X,40H90 PCNT CONFIDENCE DCF weveven... RPN JF10.3,8H MM$ / OUTE

2 5X,40HMEAN DISCOUNTED CASH FLOW +evvvvenn. .... )F10.3.8H MM$ / OUTE

3 5X,40H10 PCNT CONFIDENCE DCF v vvsuvvsoneenssn JF10.3,8H MM$  / OUTE

4 5X,40HSTANDARD DEVIATION OF THE MEAN DCF ..... JF10.3,BH MM$ / OUTE

S 5X,40HPAYOUT BASED ON AFTER TAX MEAN DCF ..... JF10.2,8H YEARS / OUTE



S 5X,4O0HMEAN DCF PROFIT TO INVESTM
5 5X 40HMEAN DCF PROFIT TO EXPENSE
3 35X, ,4OHMEAN DCF PROFIT PER DISC N
5 SX 40HMEAN INVESTMENT EFFICIENCY
6 5X, ,4OHMEAN DCF RATE OF RETURN ..

RETURN
END

BLOCK DATA
COMMON /FPROP/

» API, RS, VIS80, VIS100, VIS210,
1 BB(42)

READ CDEFFICIENTS FDR CURVE-FITTI
DATA (BB(K), /

-6. 768848965 04 —3 89370682E+00,
+3. 68814587E+04 ~-1. 48843074E+05

ao

ENT RATID ....,F10.3,8H R/I
RATIO ....... ,F10.3,84 PJE
ET OIL vunnn.. JF10.3)8H $/BBL

......... ....,F10.3.8H
ceeenn ceeev...,F10.2,8H PCNT

vIS1, VIs2, S60, SGW, SGG,

NG VISCOSITY CORRELATION

BLKDAT

2.72180350E+02,-3.47080568E+03, BLKDAT

-2.951952935E- 08 -9.64528667E-01,

BLKDAT

9. 50590107E+01,-3 98368883E+08 -1, 90395376E+02 4. 1610114EE+03 BLKDAT
3. 98464375E+00 —1 86338863E+02 BLKDAT
~4.33391223E~ 05 .34211338E-01 /BLKDAT10

1

g

4 -1.49377301E-03, 9.443956001E-01,

5 3. 32520064E+03 -1, 81471583E+04
DATA (BB(K),K=21, 42) /

1 81437484E+02 -5.37919093E+04,

2 4 73188363E- 04 8.84019819E~ 01

3 3. 30129337E+03 ~-1. 56440886E+04

4 1. 33649837E+02 -2, 67713439E+04

5 5.47456526E~ 04 -3. 757926Q1E =01

6 -6, 88146740E+04 . 17880005E+0

c
END

EQF ENCOUNTERED - 3824 RECORD(S) COPIED
COPY COMPLETE - 1 FILE(S) COPIED
>

* U.S. GPO: 1338 561-(025/80021

4.98325603E+06,-1.73099129E+08,

7. 38565439E+00 -2. 37478458E+08,

=7.3467075%€E- 05 5.41912201E-01,

2. 79978044E+06 -1. 10373996E+08,

61/35019571E+08 »—B8.57863129E+02,

o

r

a

9

>

=
LoONocLsUIS WD

BLKDAT11
BLKDAT12
BLKDAT13
BLKDAT14
BLKDAT13
BLKDAT16
BLKDAT17
BLKDAT18
BLKDAT19












