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BLOWDOWN EVALUATION 
EMPIRE ABO UNIT 
ABO RESERVOIR 

EDDY COUNTY, NEW MEXICO 
January, 1985 

by 
Timothy J. Detmering 

ARCO Oil and Gas Company 
Midland, Texas 



ARCO Oil and Gat Company 
Permian District 
Post Office Box 1610 
Midland. Texas 79702 
Telephone 915 684 0149 

Joe R. Hastings 
District Engineer — West 

April 3, 1984 

WORKING INTEREST OWNERS 
EMPIRE ABO UNIT 

Gentlemen: 

The following report documents our analysis of blowdown 
timing for the Empire Abo Unit. It is our recommendation, 
based on the information presented, that residue gas injection 
be continued to the year 1995. Basis for this recommendation 
is the optimizing of energy recovery and the maximizing 
of undiscounted cash flow. This recommendation does not, 
however, preclude reservoir blowdown at an earlier date 
should changes in market conditions and/or reservoir 
performance deem it more economical to do so. If you have 
any questions about any of the information presented in 
this report, please feel free to give me a call at 
(915)684-0149 or contact David Douglas at (915)684-0163. 

Xours very truly, 

JRH:sc 
Att. 

A R C O O i l a n d Gas C o m p a n y is a D i v i s i o n o t A t l a n t i c R i c h l i e l d C o m p a n y 
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SUMMARY 



SUMMARY 

Recovery of energy from the Empire Abo Unit will be maximized by 
initiating residue gas sales in 1995. As a result of maximizing 
energy recovery, the working and royalty interest owners of the Empire 
Abo Unit will maximize their undiscounted net income. The impact of 
blowdown is summarized in Table 1, on page 2. 



TABLE 1. Evaluation of Blowdown Timing Based on Constant Operating 
and Overhead Costs, and Constant Product Prices. 

Blowdown 
Start Date 

Unit Oil 
Reserves 

After 1/85 
(MSTB) 

Unit NGL 
Reserves 

After 1/85 
(MSTB) 

Unit Gas 
Reserves , 

After 1/851 

(MMSCF) 

Undiscounted 
Net Income 

BFIT 
(MM$) 

Gross 
Energy 
Recovery 

( T r i l l . BTU) 

1/85 7415 4527 82641 361 251 

1/90 11350 5369 69244 399 268 

1/95 13929 6292 52153 410 274 

1/03 15663 7951 21406 357 264 

Table 2. Prices, Tax Rates, and Costs Used in Economic Calculations. 

Oil Prices 
Tier 1: 
Tier 2: 

Gas Price: 

$30.00/BBL, Base Price: $19.00/BBL 
$30.00/BBL, Base Price: $22.00/BBL 

$2.90/MCF 

NGL Prices 
Ethane: $0.22/gal 
Propane: $0.35/gal 
Butane: $0.52/gal 
Gasoline: $0.63/gal 

•Production Tax Rates 
Severance Tax: 3.75% 
Emergency School Tax: 3.15% 
Ad Valorem Tax: 0.18% 

Windfall Profits Tax Rates 
Tier 1: 70% 
Tier 2: 60% 

Operating Costs 
With Gas Injection: $7020M/year 
Without Gas Injection: $6468M/year 

Overhead Costs: $990M/year 

1. Storage gas owned by Gas Company of New Mexico has been 
deducted from the Unit gas reserves (3.7 BCF). 
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CONCLUSIONS 

1. Energy recovery, which is the sum of the heating values of the 
recovered o i l , natural gas liquids (NGL), and residue gas, is 
maximized by starting blowdown in 1995. 

2. Continued residue gas injection until 1995 will allow the Empire 
Abo Unit to take advantage of the gravity drainage mechanism of 
the Empire Abo reservoir. Thus, the Unit will recover more oil 
reserves than- i t would by starting blowdown in 1985. The 
additional recovery is the result of allowing the thin oil column 
in the back-reef area to migrate downdip to the fore-reef area 
where the oil column is thicker and the oil can be economically 
and efficiently produced. 

3. Continued residue gas injection until 1995 also enables the Unit 
to recover additional NGL reserves. The additional recovery is 
the result of lean gas sweeping the free gas in the gas cap and 
lean gas stripping NGL's out of the oil remaining in the gas cap. 

4. In order to realize increased oil and NGL recoveries i t is 
necessary to use residue gas for fuel. Fuel use, combined with 
venting, causes residue gas recovery to decrease with continued 
gas injection. 

5. The impact of blowdown on present worth is a function of the 
discount rate used in the economic calculations. Undiscounted 
economics favor starting blowdown in 1995. As higher and higher 
discount rates are applied to the cash flows, the optimum 
blowdown start date moves toward 1985. At a discount rate of 7 
percent or more the optimum blowdown start date is 1985. 

RECOMMENDATION 

Based on undiscounted economics and prevention of waste i t is 
recommended that the Empire Abo Unit continue to inject residue gas 
until 1995, at which time residue gas sales should begin. 
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INTRODUCTION 

This study was initiated to determine when residue gas sales should 
begin at the Empire Abo Unit. Currently, residue gas is injected into 
the gas cap to increase recoveries of oil and NGL's. Residue gas is a 
saleable product and the Unit is foregoing income from residue gas 
sales to realize more income from oil and NGL sales. Blowdown should 
begin when the value of the potential residue gas recovery exceeds the 
value of the oil and NGL recoveries that depend upon residue gas 
injection. 

Two separate numeric simulation studies were conducted to analyze the 
impact of blowdown timing on o i l , gas, and NGL rates and recoveries. 
ARCO's two-dimensional, multi-component simulator was used to predict 
the NGL content of the produced gas. This simulator is referred to as 
the compositional model in this report. ARCO's three-dimensional, 
three phase simulator was used to predict oil and gas production rates 
and recoveries. This simulator is referred to as the black oil model 
in this report. 

Both models were required to analyze blowdown timing because of 
limitations inherent in each. The compositional model is specifically 
designed to calculate recoveries of individual reservoir fluid 
components. Thus, the compositional model can predict rates and 
recoveries of the NGL components - ethane, propane, butane, and 
gasoline. However, the complexity of the compositional model 
precludes the use of gas coning correlations. Because of the 
significant impact of gas coning on oil rates and recoveries at Empire 
Abo, gas coning correlations are necessary to accurately forecast oil 
production. Therefore, the black oil model, which includes gas coning 
correlations, was run to predict accurate oil rates and recoveries. 

Gas production is accurately predicted by both simulators. The 
forecast calculated by the black oil model was used as a matter of 
convenience. 

The setup and design of the compositional model is discussed in 
reference 4. The black oil model is discussed in reference 3 and 
Appendix A. Appendix C contains the results of the black oil model 
history match including plots comparing calculated versus actual well 
performances. 
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FIELD HISTORY AND GEOLOGY 

History 

The Empire Abo Field is located approximately 8 miles southeast of 
Artesia, in Eddy County, New Mexico. Development of the Abo reservoir 
began with the drilling of Amoco's Malco "A" No. 1 (Unit designation 
M-14) in November 1957. Drilling was rapid and extensive following 
this successful completion. The productive Abo reservoir in this field 
consists of 11,339 acres located in portions of Township 17 South, 
Ranges 27, 28, and 29 East, and Township 18 South, Ranges 27 and 28 
East (Figure 1). 

Approximately 97 percent of the reservoir was unitized into the ARCO 
operated Empire Abo Unit in October 1973 (Ref. 2). The intent of the 
unitization was to conserve reservoir energy by producing from the low 
GOR wells, thus minimizing free gas production. In this way the Unit 
has taken better advantage of the gravity drainage mechanism and has 
increased ultimate oil and NGL recoveries as compared to competitive, 
primary depletion. 

An engineering study conducted in 1975 indicated ultimate oil recovery 
would be improved by selective i n f i l l drilling on 20 acre spacing. A 
subsequent study conducted in 1977 concluded further increases in oil 
recovery would result from selective i n f i l l drilling on 10 acre 
spacing (Ref. 3). A total of 160 i n f i l l wells were drilled as a result 
of these studies. 

A voidage limit of 56,912 RVBPD was established by the New Mexico Oil 
Conservation Commission for the Empire Abo Unit to ensure controlled 
depletion of the reservoir. An engineering study completed in 1983 
indicated removing this voidage limit, and replacing i t with a gas 
production limit of 65 MMCFPD, would enable the Unit to operate more 
efficiently and recover additional oil and NGL reserves (Ref. 1). The 
gas production limit went into effect in May 1984. 

Field performance is shown in Figure 2. Basic reservoir data is 
listed in Table 3. 

Geology 

The Empire Abo field produces from a transgressive, carbonate, barrier 
reef buildup of lower Leonardian (Permian) age. This reef is one of 
several in a long trend flanking the northern edge of the Delaware 
Basin. The reef grew from southwest to northeast. I t is 
approximately 12i miles long and l i miles wide. Parallel to the reef 
trend, the reef dips 1 degree from southwest to northeast. 
Perpendicular to this trend the reef dips sharply at 10 to 20 degrees 
from crest to fore-reef, or north to south. The average depth of the 
reef is 5800 feet and the thickness averages 300 feet. 

The trapping mechanism at Empire Abo is both stratigraphic and 
structural. The reef dips below the oil water contact to the south 
and east. Permeability pinch outs to the north and west occur as a 
result of carbonate muds, green shales, and anhydrite inclusions. 
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Porosity development is erratic and cannot be correlated between 
wells. Development is the result of leaching of abundant detrital 
fossil fragments, dolomitization, and recrystallization. The most 
prolific porosity development is found in the reef core. There is no 
apparent intercrystalline porosity. 

Vertical fracturing, which contributes to the gravity drainage 
mechanism of the reservoir, is apparently due to local slumping as 
well as large scale settling and some tectonic activity. Fracture 
orientation is generally 0 to 45 degrees from vertical and is parallel 
to the reef trend. These fractures apparently link up the erratic 
porosity development and provide excellent pressure communication in 
the reservoir. 
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Table 3. Empire Abo Unit Reservoir Data Summary. 

General 

Discovery November 1957 
Well Status - October 1984 

Producers 228 
Injectors 21 
Shut-In 146 

Current Status - October 1984 

Unit Allowable (BOPD) 6533 
Oil Production (BOPD) 6373 
Gas Production (MCFD) 61599 
Producing' GOR (CF/BO) 9665 
Gas Injection (MCFD) 31699 
Water Production (BWPD) 7761 

Average Depth to Top of Reef, Feet 5767 
Productive Acres 8993 

Formation 

Type Rock Vugular Dolomite 
Average Net Pay Thickness, Feet 183 
Average Porosity, % (Log Data) 6.4 
Water Saturation, %, Main Reef 8.6 
Original Gas Oil Contact, Feet Subsea -1750 
Original Water Oil Contact, Feet Subsea -2665 
Reservoir Mid-point, Feet Subsea -2264 

Reservoir Fluid 

Original Reservoir Pressure, psi at -2264 (Pi) 2359 
Original Bubble Point Pressure, psia at -2264 (Pbpi) 2231 
Oil Formation Volume Factor at Pbpi, RVB/STB (Boi) 1.606 
Gas Formation Volume Factor at Pbpi, RVB/SCF (Bgi) 0.00098 
Gas in Solution at Pbpi, SCF/STBO (Rsi) 1250 
Oil Viscosity at Pbpi, centipoise (^/oi) 0.387 

Reservoir Volumetric Data 

Original Oil-in-Place (MMSTBO) 383.2 
Original Gas-in-Place (BCF) 483.4 
Estimated Ultimate Recoveries (Total Reservoir) 

Oil (MMSTBO) 224.7 
(% of 00IP) 58.6 

Gas (BCF) 465.8 
(% of OGIP) 96.4 
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PERFORMANCE PROJECTIONS 

Projections were calculated for starting blowdown at 1/1/85, 1/1/90, 
1/1/95, and at the economic limit of gas injection - 1/1/03. Computer 
time limitations prohibited calculating forecasts for starting 
blowdown at every year between 1/1/85 and 1/1/03. However, the 
recoveries of residue gas, NGL's, and oil appear to be continuous 
functions of blowdown timing (Figures 3 through 5). Therefore, 
recoveries for blowdown start dates other than 1/1/85, 1/1/90, 1/1/95, 
and 1/1/03 can be approximated by linear interpolation with 
no significant error. 

As illustrated, in Figures 3 through 5, starting blowdown immediately 
recovers the most residue gas and the least oil and NGL's. For every 
year that blowdown is delayed, residue gas recovery decreases, and oil 
and NGL recoveries increase. The curves labeled "Unit" in Figures 3 
through 5 reflect a net oil interest of 87.5 percent, a net NGL 
interest of 21.875 percent, and a net residue gas interest of 65.625 
percent. 

Starting blowdown in 1985 yields the highest residue gas recovery 
because fuel use is lowest for this case. The injection compressors 
are shut down immediately and the lives of the extraction plants are 
as short as possible. 

NGL recovery increases with delayed blowdown because the injected lean 
gas strips more NGL's out of the oil in the gas cap and sweeps out 
more enriched gas. 

Oil recovery increases with delayed blowdown because the reservoir 
pressure decline is slowed. Slower pressure decline has three 
effects: one, incrementally higher pressure differentials between the 
reservoir and the wellbores; two, lower oil viscosities; three, more 
oil migration from the back-reef, where the oil column is too thin to 
be produced, to the fore-reef, where the oil column is thicker and can 
be economically and efficiently produced. A more thorough explanation 
of the impact of blowdown on oil rates and reserves is found in 
Appendix B. 

In order to compare the value of the residue gas lost to the value of 
the oil and NGL's gained by continued gas injection, i t is useful to 
examine the energy recovery for each blowdown case studied. Energy 
recovery is calculated by multiplying the heating value of each 
product by its recovery. Thus, instead of making a comparison of BBLS 
of oil to MCF of gas, a comparison of BTU's of oil to BTU's of gas is 
made. This calculation determines which blowdown timing will recover 
the most energy and therefore minimize waste. This is an important 
criterion not only for the Unit but also for the State and Federal 
regulatory bodies that oversee the Unit's operations. 
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Of the four cases simulated, starting blowdown in 1995 recovers the 
most energy (Figure 6). It is possible that starting blowdown either 
shortly before or shortly after 1995 will actually recover more energy 
than starting blowdown exactly in 1995. However, Figure 6 indicates 
that 1995 is a good approximation of the optimum blowdown start date 
in terms of energy recovery. Continuing to inject residue gas after 
1995 would provide incremental recoveries of oil and NGL's as compared 
to starting blowdown in 1995. However, the energy expended through 
fuel use would be greater than the incremental energy recovered as oil 
and NGL's. 

Complete projections of field performance are illustrated in Figures 7 
through 10. A summary of the energy recoveries is found in Appendix 
D. 
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ECONOMIC EVALUATION 

As shown in Figure 11, the economics of blowdown depend upon the 
discount rate used in the calculations. This is to be expected since 
starting blowdown immediately would increase short-term income, and 
therefore would be advantageous at high discount rates, whereas 
delaying blowdown would increase long-term income, and therefore would 
be advantageous at low discount rates. The recommendation to start 
blowdown in 1995 is based on undiscounted economics and prevention of 
waste. 

The BFIT economics were calculated assuming a 100 percent working 
interest, an 87.5 percent net oil interest, a 62.625 percent net gas 
interest, and a 21.875 percent net NGL interest. The present worth 
reference date is 1-1-85. A summary of the impact of blowdown timing 
is presented in Table 4. Table 5 lists the prices, tax rates, and 
costs used in the economic calculations. Detailed summaries of the 
economics are found on pages 21 though 24. 

Gas Storage 

The Unit and the Gas Company of New Mexico (GCONM) have an agreement 
whereby the Unit stores gas for GCONM. The return rate to GCONM is 
limited to 65 percent of the residue gas sales rate. I t was assumed 
in the economic calculations that GCONM will take their gas back at 
the maximum permissible rate. The returnable gas volume was 
approximately 3.7 BCF in December 1984. 
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TABLE 4. Evaluation of Blowdown Timing Based on Constant Operating 
and Overhead Costs, and Constant Product Prices. 

Blowdown 
Start Date 

Unit Oil 
Reserves 

After 1/85 
(MSTB) 

Unit NGL 
Reserves 

After 1/85 
(MSTB) 

Unit Gas 
Reserves , 

After 1/851 

(MMSCF) 

Undiscounted 
Net Income 

BFIT 
(MM$) 

Gross 
Energy 
Recovery 

( T r i l l . BTU) 

1/85 7415 4527 82641 361 251 

1/90 11350 5369 69244 399 268 

1/95 13929 6292 52153 410 274 

1/03 15663 7951 21406 357 264 

Table 5. Prices, Tax Rates, and Costs Used in Economic Calculations. 

Oil Prices 
Tier 1: 
Tier 2: 

Gas Price: 

NGL Prices 
Ethane: 
Propane: 
Butane: 

$30.00/BBL, Base Price: $19.00/BBL 
$30.00/BBL, Base Price: $22.00/BBL 

$2.90/MCF 

$0.22/gal 
$0.35/gal 
$0.52/gal 

Gasoline: $0.63/gal 

Production Tax Rates 
Severance Tax: 3.75% 
Emergency School Tax: 3.15% 
Ad Valorem Tax: 0.18% 

Windfall Profits Tax Rates 
Tier 1: 70% 
Tier 2: 60% 

Operating Costs 
With Gas Injection: $7020M/year 
Without Gas Injection: $6468M/year 

Overhead Costs: $990M/year 

1. Storage gas owned by Gas Company of New Mexico has been 
deducted from the Unit gas reserves (3.7 BCF). 



420 
FIGURE 11 22 

EMPIRE ABO UNIT 
CODY COUNTY , NEW_M£JU.CQ 
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vs 
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BLACK OIL NUMERIC SIMULATOR DESCRIPTION AND DESIGN 

Modeled Area 

A representative slice (Figures Al and A2) of the reservoir was 
modeled as opposed to modeling the entire reservoir due to 
manpower and computer time limitations. This slice is 
representative of the entire field with the exception of the 
extreme east and west ends. The east end has experienced a 
considerable amount of water influx while the west end appears to 
be a solution gas drive reservoir rather than a gravity drainage 
reservoir. The combined volume of these two portions of the 
reservoir is less than 10 percent of the total reservoir volume. 

H.P. Foster modeled this same slice in 1977 to study the impact 
of i n f i l l drilling. The success of Foster's model study, as 
illustrated by the close agreement of his oil forecast and actual 
production (Figure A3), demonstrates the results of the slice 
model can be scaled up to provide forecasts of the entire field's 
performance. Unfortunately, all of Foster's projections assumed 
blowdown in 1985 and therefore i t was necessary to make 
additional simulator runs to study the impact of blowdown at 
later dates. 

The numeric reservoir simulator used for the cross-sectional 
slice model is ARCO's three-dimensional, three phase, unsteady 
state, compressible flow, semi-implicit model. This black oil 
model numerically solves the partial differential equations which 
describe simultaneous o i l , gas, and water flow between reservoir 
segments in three dimensions. 

Model Set Up And Data Preparation 

For the numeric model to accurately predict future performance, 
i t must be set up dimensionally to properly reflect fluid 
movement in the reservoir. The cross-sectional slice model is 6 
rows wide (east to west), 22 layers in the vertical direction, 
and 18 columns from back-reef to fore-reef as shown in Figure A4. 
The six rows are each 330 f t wide for a total width of 1980 f t . 
The outside rows are used to reflect well drainage areas. Each 
layer in the vertical direction is 25 f t thick. The third 
dimension of the cells, in the back-reef to fore-reef direction, 
varies from 370 f t to 600 f t . The smaller cells are used in the 
down dip heart of the reef to give adequate definition of flow 
characteristics during projections while the larger cells are 
used in areas where fluid movement is slower or relatively 
unimportant. The cells are aligned parallel to the dip of the 
reef base to eliminate a r t i f i c i a l impediments to north-south 
fluid movements and to adequately determine how well the fluid 
migrates to the down dip areas under different schemes of 
operation. The wells shown in Figure A4 are the actual field 
wells within the modeled area. 
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Porosity values were obtained by applying porosity index curves 
(Figure" A5) to open hole neutron logs. These values formed the 
basis for volume calculations for the numeric model. Core data 
analysis indicates porosity varies as the log of permeability 
(Figure A6). Using this relationship, permeability values for 
each two foot interval of each well were calculated from the 
porosity values. These values were the basis for porosity and 
permeability maps of each individual layer in the model. 
Computer programs were used for sorting this digitized data to 
obtain gross and net pay, average porosity, and permeability 
values for any grouping desired. Isopach maps were made of each 
layer to determine pore volumes and permeabilities for each of 
the 2376 cells in the model. 

Interstitial water saturations were based on the 1970 numeric 
model simulation and checked by analysis of logs obtained during 
the 20 acre i n f i l l drilling program. Fluid data relationships 
(Figure A7 and A8) are from a composite of analyses from five 
different wells which were selected to give good coverage of the 
reservoir. 

Reservoir pressure data in the area of the slice is very good. 
At least two wells, and sometimes more, were tested during each 
annual BHP survey giving an adequate pressure history for the 
area. Oil, gas, and water production data are also good. The 
New Mexico Oil Conservation Commission requires annual tests with 
well production reported by months. 

The gas oil relative permeability data (Figure A9) is the same as 
that used in the 1970 numeric simulation of the entire field. 

Gas Coning 

Because of the gas coning characteristics of the Empire Abo 
reservoir i t is desireable to include the effects of gas coning 
by individual wells. This is especially true during the latter 
part of the history match and during the projections as the wells 
are being produced at high total fluid rates. 

Individual well performances are controlled in the three 
dimensional model by correlations derived from simulations of 
individual type-wells with a two dimensional, R-Z (radial-
vertical), multi-phase, compressible flow simulator. Multiple 
projections were made at various reservoir producing rates to 
relate producing GOR to average oil saturation in the well cell 
columns. The characteristics of the R-Z Coning simulator closely 
approximate the column of cells for each well in the three 
dimensional simulator. These derived correlations were input 
into the slice model and used to control the performance of each 
well during its l i f e (Figures A10-A12). The oil column height 
used in these correlations is analogous to the distance from the 
top of the perforated interval in the well cell column to the gas 
cap. I t is based on the average oil saturation in this column. 
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One well, the G-21, was not controlled in the slice model with a 
coning correlation. I t was fractured during its early l i f e and 
appeared to have a gas channel in the cement. I t was controlled 
by producing the required amount of gas from a cell in the gas 
cap to match its producing history. The G-21 is a last row, 
back-reef producer and was shut-in during all projections. 

History Match 

The history match obtained during the 1977 model study extended 
from 1959 to 1977. The seven years that have lapsed since this 
history match was completed had to be added in order to have the 
correct saturation and pressure distributions at the start of the 
forecasts. Furthermore, these seven years of additional history 
had to be added without changing the reservoir description so 
that the previous history match would not be altered. This was 
accomplished by adjusting only the coning correlations during the 
new history match period. Care was taken to ensure that these 
adjustments did not affect the producing wells prior to 1977. 

As in the 1977 history matching process, oil rates were input and 
the simulator calculated water and gas production rates. The 
coning correlations were adjusted after each tria l run of the 
simulator to obtain a match of gas production rates for each 
well. Five i n f i l l wells were drilled in the slice area between 
1977 and 1984: J-221, J-222, J-233, J-234, and K-231. These were 
included in the history match. 

The results of the history match, including plots comparing 
actual well performances versus calculated performances, are 
presented in Appendix C. The black oil simulator matched 
individual well gas production rates, water production rates, and 
average reservoir pressures from 1959 to 1984. 

Forecasts 

During the forecasting period the produced gas rate was limited 
to a field rate of 67 MMCFPD. This rate is the sum of the Unit 
allowable and the average rate of non-participating tracts in the 
field. Inflow performance analysis indicates this field rate 
will be maintained until the reservoir pressure is reduced to 
approximately 200 psi. Reinjection was set at 58 percent of the 
produced gas rate based on past performance of the gas plants and 
forecasts of reinjection volumes calculated by the compositional 
model. A bottom hole pressure limit of 200 psi was set for each 
well to control production at low reservoir pressures. This 
replaces the productivity index used by Foster in his forecasts 
and more closely simulates actual constraints on production 
caused by wellbore hydraulics and surface equipment. 
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Scale Up 

Examination of Figure A13 leads to the conclusion that the slice 
is representative of the field but that its oil decline is not 
synchronous with the actual field decline. Higher voidage rates 
in the slice during the mid-70's apparently caused gas coning to 
occur earlier in the slice than in the rest of the field. As a 
result, the slice oil decline is leading the field by 
approximately 2 years. Therefore, the oil forecasts for starting 
blowdown in 1985, 1990, 1995, and 2003 were calculated by 
starting blowdown in the simulator in 1983, 1988, 1993, and 2001, 
respectively. These forecasts were scaled up based on the ratio 
of the hydrocarbon pore volumes of the slice and the field. 
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FIGURE A-6 

EMPIRE ABO UNIT 
EDDY COUNTY, NEW MEXICO 

CORE PERMEABILITY VS. POROSITY 

USING SORT BY POROSITY RANGES 

POROSITY (%) 



FIGURE A-7 
A - 1 I 

EMPIRE ABO RESERVOIR 
EDDY COUNTY, NEW MEXICO 

FORMATION VOLUME FACTOR, OIL VISCOSITY 
AND SOLUTION GOR vs RESERVOIR PRESSURE 
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F IGURE A - 9 

EMPIRE ABO UNIT 
EDDY COUNTY, NEW MEXICO 

ABO RESERVOIR 
HISTORY-MATCH GAS-OIL RELATIVE 

PERMEABILITY CURVE 
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DISCUSSION OF OIL RATE AND RESERVE FORECASTS 

The incremental oil reserves recovered by delaying blowdown are 
the result of extending the field l i f e which allows additional 
migration of oil from the back-reef to the fore-reef. This is 
illustrated in figures Bl through B5 in which the gas cap, oil 
column and water column are mapped for one row of cells in the 
simulator. Figure Bl is the saturation distribution at the start 
of the oil rate forecasts which is 1/1/83 in the slice and 
represents 1/1/85 in the field. Figure B2 is the saturation 
distribution at the economic limit for starting blowdown in 1985. 
Approximately 50 f t of oil in the back-reef area (columns 3, 4, 
and 5) has migrated to the fore-reef area. Compare this to 
Figure B5 which is the saturation distribution at the economic 
limit for starting blowdown in 2003. Here the migration of oil 
is roughly three times that for starting blowdown in 1985. 

The incremental oil rates obtained by continued gas injection are 
the result of slowing the pressure decline of the reservoir. 
Although the recovery mechanism at Empire Abo is gravity 
drainage, which is relatively independent of reservoir pressure, 
the production mechanism is fluid expansion, which is very 
sensitive to reservoir pressure. The effect of reservoir 
pressure on oil rates is most easily explained using Equation 1 
which is an expression of Darcy's law for linear fluid flow in 
permeable beds: 

Oil rate, BOPD, 

Effective Oil Permiability, Darcies, 

Pressure differential across the bed, psi, 

Oil viscosity, cp, and 

Length, f t . 

where 



B2 

The pressure dependent terms in Equation 1 are AP and y^o. 
Assuming the only significant difference in the four blowdown 
cases is reservoir pressure, the ratio of the oil rates for any 
two cases can be expressed as: 

Using the oil rate forecast for starting blowdown in 2003, the 
oil rate forecasts for starting blowdown in 1985, 1990 and 1995 
were calculated using Equation 2. I f the differences in oil 
rates between the four cases are due entirely to the differences 
in reservoir pressures, then the forecasts calculated using 
Equation 2 should match the simulator calculated forecasts. The 
results of these calculations are illustrated in Figures B6 
through B8. Th.e agreement of the forecasts indicates the 
incremental oil rates obtained by delaying blowdown are due 
entirely to the incrementally higher reservoir pressures. 
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TABLE Cl 
HISTORY MATCH RESULTS 

Gross Oil Production, STB 

Gross Gas Production, MCF 

Average Reservoir Pressure, psi 

Individual Well Gas 
Production, MCF 

J-22 

1-22 

K-22 

K-23 

J-231 

J-221 

J-222 

J-233 

J-234 

K-231 

H-22 

H-21 

G-21 

Actual Model % Differen 

5,959,309 5,959,309 None 

11,853,407 11,326,669 -4.4 

1,003 1,028 2.5 

1 ,887,197 1 ,762,151 -6.6 

966,476 1,001,867 3.7 

1,590,347 1,561,049 -1.8 

1,587,784 1,583,831 -0.3 

783,200 646,498 -17.5 

1 ,191,748 1 ,015,900 -14.8 

24,662 10,835 -56.1 

836,810 801,228 -4.3 

392,735 446,310 13.6 

826,495 754,031 -8.8 

382,146 371,110 -2.9 

451,068 454,988 0.9 

932,739 916,871 -1.7 
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Dl 

Energy Recoveries 

Energy recovery is calculated by multiplying the remaining reserves of each 
product by its heating value. Table Dl lists the heating values of each 
product. Table D2 lists the energy recovery for the four blowdown cases 
studied. 

Table Dl. Heating Values for Oil, NGL's, and Residue Gas. 

Product Heating Value 

Residue Gas 1,010,000 BTU/MCF 

Ethane 65,889 BTU/gal 

Propane 90,962 BTU/gal 

Butane 102,918 BTU/gal 

Gasoline 110,071 BTU/gal 

Oil 5,500,000 BTU/STB 
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ARCO Oil and Gas Company >r BEFC 
Central District 
Post Of<ice Box 151C 
Vidians Texas 757C2 
"c»ec hore 9'5 55? 5230 

Oi! Co-S£rvci;or: Div:,-:- .1 

Exhibit Mo. 

May 21, 1990 

TO: Working Interest Owners 

RE: Empire Abo Unit Nos. G-24, F-27, F-31 
Sees. 31, 32, 33 Of T17S-R28E 
Eddy County, Texas 
AFE No. 915289 

Dear Working Interest Owners: 

Enclosed please find AFE No. 915289 for $143,100 gross to workover wells F-27, G-24, and F-
31 in the Empire Abo Unit. Justification from engineer, Gary Smallwood, and other supporting 
documentation is included for your information. ARCO respectfully requests your prompt 
approval of this work. To approve, please sign and return one (1) copy of the AFE to: 

If you have questions, please donl hesitate to call me at 915 688-5544 or Gary Smallwood at 915 
688-5359. 

ARCO Oil and Gas Company 
ATTN: Janet L. McCleery - MIO 394 
P.O. Box 1610 
Midland, Texas 79702 

Sincerely, 

Janet L. McCleery 
Operations Analyst 
Southwest District 

Attachments 



w i t w *J, W w «-» » 11 j p *>• • 

T i l l * 

E m p i r e Abo U n i t Nos . G -24 , F - 2 7 , F -31 

E Original authorization 

0 Revision t 

L o v e r P e r f o r a t i o n s ; Squeeze o l d p e r f s . 
Economics | & 

! D Not required 
Location j State/county code 

Sec . 3 1 , 32 & 33 ; 17S-28E Eddy C o . , NM 30 -015 

AFE number 

Originated by/Department j District 

S m a l l w o o d / E n g i n e e r i n g N W - C e n t r a l 

Protect oc program idenlilier 

Field nama/Play name/Prospect nam* j Field/play eoae 

E m p i r e Abo j 064185 

Book property cooeisi 

6434266 " 0 1 

L e t t * record number Suottet to prod payment I Well pun prepared 
Other lunomca i 

• Yes S No l B Yes • No 

Organization cooe j Co-owner operator AFE No lal/Property code 

Purpose ot authorization Reason for drilling 

New drilling Development %: n — n 122L. n S = 
Recompletion Exploratory * 1 n o j - - . n *««.. n s _ . 

X Workover Other j 

{ L 3 H I I I I W • raw * *re Drill old well deeper 

Other j 

{ L 3 H I I I I W • raw * *re 

Budget information 
81 c o d e 1 A m o u n t 

453 I 52.550 
Bl c o d e 2 A m o u n t 

Primary objective ol drilling (definition on reverse side) 

Approved capital program: budget year 19 N . A . 

• Original budget • Approved L E. • Other: 

Protect i nc l uded in a p p r o v e d p r o g r a m CD Y e s D N o 

Cur ren t year e x p e n d i t u r e c a n be f u n d e d — _ 
by approved cap i ta l a l l o c a t i o n | _ | Y e S U N o 

I I no . a m o u n t of a d d i t i o n a l 
cap i ta l t o be regues ted S 

Component •• 
AFE No.(s) Description and Justification Gen/Sub ' 

Account codes I Qn hand 
Gross amounts-in whole dollars only 

Capital Expense Total 

Workovers 9501 143.1Q0 1 H3.1QQ 

i O tne r Use reverse side i l mcwe l ines are needed 

See d e t a i l on back 
; O p n s mgr Opera to r 

AOGC 

Gross to ia is 

143,100 i 143,100 
Net A O G C snare 

A O.G.C interest decimal I 3: 6 i 7! 2! 2! 71 81 0 5 2 , 5 5 0 : 5 2 , 5 5 0 

o j o g e t Present wor tn AF iT '• invest E t ' o e f t c y AF iT Rate ot re tu rn S A F t T Gross 

Range 
1 3 s . Lower . C a p i 

R e q u i t e d 4 3 s Upper , E x p i 1 - " ^ 1 2 4 , 7 0 0 • ' - « " » ' 2 0 4 , 0 0 0 

' C n a n c e tactor i S I 

S e a t e d 4 3 s u o p e r , r E x p - J » * ' 4 5 , 7 9 3 \ » ° ^ 7 4 , 9 1 4 

13'-Lowen Capt^0""" 

x p i o r a t i o n w v w . - ^ . w s * > . w e a r « • v y i < e a s w Forecast 
(Net S) 

Prior year Current year i Thereafter 

Capital 

EMimated start da te 

5/90 
Est imated c o m p l e t i o n oate 

i 6/90 Expense S 52,550 : S 

provals ichecx highest level required) Authorised expenditure limit table No.- 123-1 
Oate 

Sill 
Execut ive v .ce Pfestoem - - R Co Date 

32_ 
p f « i o e n t - A fi C o 

• 

Vtci* Pre$iQt»ntA O C C 

• 
Dote Cha i rman o* m e Boara 

• 

Senior v .ce Presioer. t-A 0 G C Oate Boaro o i O n e c i o i s 

• 

' • ' " • v o e m - A O G C Oate 

ARCO Oil and Gas Company is a Division of AtlanticRichfitidCompany 



uthorization for Expenditure 
AFE No. 

r 
Component 
AFE No.(s) 

Description and justification Gen/Sub 
Account codes 

Gross Amounts—In whole dollars only r 
Component 
AFE No.(s) 

Description and justification Gen/Sub 
Account codes On hand Capital Expense Total 

G-24 Workove r 4 4 , 7 0 0 4 4 , 7 0 0 

F-27 Workove r 4 4 , 7 0 0 4 4 , 7 0 0 

F-31 Workover 53 ,700 5 3 , 7 0 0 

X. 

I 
1 

i. 

1 
J 

t 

1 

Note: Include any amounts shown on this page in lotals on reverse side. 

OM only: 
Refers to • well drilled where primary objective is oil only or oil and casinghead gas. 

Oetinltion ot primary Gas only: 
objective ol drilling. Refers lo a well drilled where primary obiective is gas only or gas and condensate. 

Oil and/or ga*: 
Refers to drilling in areas where primary obiective is dual or uncertain. 

Develop reserve!: 
Applies to wells drilled lo develoo new or additional proved reserves and attendant productive capacity All exploratory wells plus 
aeveiopment wens thai meet Ihe above criteria, fall in this Classification 
Rate: 
Applies io weils drilled to accelerate the production of existing proved reserves 
Combination reserves and rates: 
Applies to wens wnose economic notification is partially cased on additional reserves to be oeveiopeo witn attendant productive capacity 
added, and partially eased on tne accelerated recovery ot existing developed proved reserves. For this classification. 

Oelinition ot reason snow tne percent ol the economic justification whicn is applicable to the rate portion ot the wen 
lor drilling. Secondary recovery: 

Applies to wens drilled in connection with a secondary recovery protect These may be mMI wells, wells drilled to fill out flood patterns, 
or wens drilled to replace producers convened to injection or supply service 
Replacement: 
Applies to wells drilled to replace wells that have ceased to sroauce 
Service: 
Applies to wells drilled tor the purpose of supporting procuct.on in an existing field such as gas. water, steam and air injection: salt water 
disposal water supply for inaction, observation, and injection lor in-situ comouStion: etc 
Tertiary recovery: 
Recovery ternary reserves 



ARCO Oil and Gas Company 5/7/90 Authorization for Expenditure 

Empire Abo Unit Nos. G-24, F-27, F-31 

Lower Perforations; Squeeze old perfs. 

23 Original authorization 

D Revision # 

Economics I Pequireo 

• Not reouirec 
Location 

Sec. 31, 32 & 33; 17S-28E Eddv Co., NM 
: Stale, countv cooe 

30-015 

AFE num oer 

Originated Dy/Department 

Smallwood/Engineering 

I District 
I 

Protect or program identifier 

NW-Central L40 
Fietd name/Play name/Prospect name 

Empire Abo 
: Fteid/piay ;ode BOOK propeny cooetsi 

i 064185 6434266 _ 0 1 

Lease record number Suotect to prod payment |WeM pian prepared 
other tunamgs j 

• Yes £1 NO i @ yes • No 

I Organization cooe Co-owner operator AFE Noisi/Propeny code 

Purpose ol authorization Reason lor drilling Budget information 
|New drilling j Development % • n » n r«",«rv i—i :«w 

1 1 R»ir> 1 1 P . r n . . r v 1 I O w i w ^ , 

Bl code T A m o u n i 

453 ; 52.550 
91 c o d e 2 t A m o u n t 

! 
1 

• Recompletion Exploratory °.'o 1 r-i »"«» r-i "*<»"*• r-i r 

Bl code T A m o u n i 

453 ; 52.550 
91 c o d e 2 t A m o u n t 

! 
1 XlWorkover Other 

' L_i Reserve - m e T> 

Approved capital program: budget year 19 N . A . 

• Original budget C Approved L.E. • Other: 1 Drill old well deeper 

• 
Other 

' L_i Reserve - m e T> 

Approved capital program: budget year 19 N . A . 

• Original budget C Approved L.E. • Other: 
Primary objective cf drilling (definition on reverse side) 

' O i l o n l y |Signature 
' i Dist Engineer and'or Eipioration group 

GaSOn'y ' n ^ / A J j ^ 

_j Proiect included m approved program D YeS C NO 
Current year expenditure can be funded 

•Oil/Gas I 

j by approved capital allocation 

H no. amount ol additional 
| capital to oe requested 

• Yes No 

Component ' v Description and justification j Gen/Sub Gross amounts-in whole dollars only 
AFE No.(s) v Description and justification Account codes On nana Capital Expense Total 

Workovers 
i 

9501 
] i '. 

• : 143.100 ! 143.100 
i ! i . ! 1 

! 1 
I 1 ! ; 1 j 
i ; j ~ 

, O i n e r Use reverse side tt more l ines are neeaed j 

See d e t a i l o n ' b a c k 1 

O p n s m g r Operator 

AOGC " 

Gross to ia is 

143,100 i 143,100 
E " - ne t t ino 

A OG.C. interest oecimai,' 3 6 7 ' 2 . 2 ' 7 8 . 0 

Net A O G C snare 

; ' 52,550 : 52,550 
J£ ' =- iccei 

J i 
Preseni w o r m A f - I T - invest E' t 'Ciency AF.T Rate of re tu rn s A F i T G " > " 13' . Lower. Cao;--" 6 ' u o o e ' 

t e s t e d 4 3 s Upper , E x p i ' - * - 1 2 4 , 7 0 0 2 0 4 , 0 0 0 

— V ^ r o c e o u r a i ; Chance factor I S , Net 1 3 ' . Lower , C a p ' - 0 " " - , o r - ' 

P a s t e d 4 3 = . u p p e r , E x p . ^ » « ' 4 5 , 7 9 3 7 4 , 9 1 4 

<j ; E x p l o r a t i o n 
V t 

1 - • 

Co-owner aoDrovai Signature 

' Prior year Current year < Thereafter 

eva lua t i on Date C o m p a n y 1 • 

: /„ ,v Joraus&iHC. 
i 

Capital , S . 3 ! S 

Est.mated start date Est imated c o m p l e t i o n oate 

5/90 . 6/90 Expense ' S S 5 2 , 5 5 0 . S 

g Approvals (check rt.gnest level requtrecH Authorized expenditure limit table No.- 1 2 3 - 1 
E t e c u i . / e v .ce Pips iaeni • ; R C . 

cVi 'S ' t f r r r -A f i - ' . i re 

c 
/ • c r Pres-Cnni A O G C Da le 

• I 

Cr a i rman c ' :n*» Soi i ra Da:e 

C 
S*?n.or v ce Pr*>s.oer.i-A O C C Date ooara o ' D " e c t o i i Ddte 

i 

r v . . V o * n t . A O G C Date D.ite 

ARCO Oil and Gas Company is a Division ot AtlanticRichfieldCompany 



Page ol 

Authorization for Expenditure 
TZii ~ AFE No. 

Component 
AFE No.(s) Description and justification Gen/Sub 

Account codes 
Gross Amounts—In whole dollars only 

On hand Capital Expense Total 

G-24 Workover I 44,700 44,700 

F-27 Workover 44,700 44,700 

F-31 Workover 53,700 53,700 

T 

Note: Include any amounts shown on tnis page in totals on reverse side. 

OH only: 
Peters to a well drilled where primary objective is oil only or oil and casinghead gas 

Oefinilion ot primary Gas only: 
objective ol drilling. Refers to a well drilled where primary objective is gas only or gas and condensate 

Oil and/or gas: 
Refers to Drilling in areas where primary objective is dual or uncertain 

Develop reserves: -
Appnes 10 wells drilled to develop new or additional proveo reserves and attendant productive capacity All exploratory wells plus 
development wens thai meet Ihe above criteria, tall in tnis classification 
Rate: 
Applies to weils drilled to accelerate the production of existing proved reserves 
Combination reserves and rates: 
Appnes to wens wnose economic justification is Dartiaily Daseo on additional reserves to be oevelooeo witn attendant productive capacity 
aodeo. and partially cased on tne accelerated recovery of existing developed proved reserves For this classification. 

Definition of reason snow tne percent ot the economic justification whicn is applicable to the rate portion of the wen 
tor drilling. Secondary recovery: 

Applies to wens oritied in connection with a secondary recovery project These may be infill wells, wells drilled to fill out flood patterns. 
or wens drilled to replace producers converted to injection or supply service. 
Replacement: 
Appnes to weils drilled to replace wells that have ceased to produce 
Service: 
Aopnes to wells drilled for the purpose ot suoporting procucnon m an existing field such as gas water, steam, and air iniection; salt water 
Cisposai water supply for injection, ooservalion. ano injection Icr >n-situ comDustion; etc 
Tertiary recovery: 
Recovery ternary reserves 



ARCO Oil & Gas Internal Correspondence 

Date: May 18, 1990 

Subject: Empire Abo Unit Lowering Perforations 
Gas Injection Well Nos. F-27, F-31 and G-24 
Eddy Co., New Mexico 

From/Location: G. B. Smallwood MIO-723 

Telephone: 688-5359 

To/Location: J. A. Nicholson MIO-531 

We recommend approval of the attached AFE for workover of the three subject gas jniection 
wells in the Empire Abo Unit. AOGC operates the unit with a 36.7% working interest and a 
31.6% oil NRI, 24.3% gas NRI and 8.07% NGL NRI. The total gross estimated cost of the three 
well perforating and squeezing program is $143M with a net cost to ARCO of $52.5M. 

In 1984, Schumbera and Staggs completed the Empire Abo Unit Performance Projection. The 
projection emphasized the future of NGL performance to the unit. Two of the key findings of 
this projection were: 

1. Half to three-quarters of the amount of each NGL component remaining in the year 
1981 resides in the residual oil in the gas cap. 

2. Most future NGL recovery can be attributed to contacting of residual oil with lean 
gas. Sweep efficiency will have an important effect. 

Incremental reserves for this project are based on a comparison of the average NGL content of 
the entire Unit's produced gas(3.86 gal/mcf) with that of the target injection area. The target 
area has a NGL content of 5.25 gal/mcf. It was assumed that by moving injection gas to the area 
of higher NGL's that liquids would be recovered at the same rate as predicted for the field but at 
the higher starting point of 5.25 gal/mcf. We assumed that 3 MMCFPD per well would contact 
NGL's in the target area. The NGL's are recovered at the incremental rate of 1.315 gal/mcf. 
The rate reflects the plant's 93% overall recovery efficiency. These numbers are considered 
somewhat conservative since each injection well is likely to inject as much as 6 MMCFPD. 

A review of the field's injection wells indicated that 45% of all injection gas had entered only 3 
of the 16 gas injection wells, implying the obvious need to redistribute injection gas. 
Lowering the perforations in the three subject wells is consistent with our plan to redistribute 
gas and improve sweep efficiencies. We have attached a simple illustration showing the concept 
of improved sweep and NGL recovery as Figure 1B. 
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J. A. Nicholson, MIO-531 
April 30, 1990 
Page 2 

We have reviewed the cost estimates to kill and squeeze the subject wells with the drilling 
department. We were concerned that it might be extra troublesome to kill these wells. They 
have been on gas injection for a long time and it seemed likely they would drink a lot of fluid. It 
appears there are sufficient funds to cover such a case. In addition we agreed to move the 
completion packer above the old perforations and run tailpipe below them. See the attached 
wellbore schematics. This should assure future mechanical integrity tests and help protect the 
squeeze job from matrix acid treatments of the new perforations. 

The workover of Well F-27 and G-24 includes squeezing existing perforations and perforating 
deeper. The workover of Well F-31 includes squeezing existing perforations, drilling out a 
CIBP and repairing a highly probable casing leak. 

We recommend approval of the three proposed workovers. 

Gary B. Smallwood 
Sr. Engineer 

ARCO Oi & Gat m a tubtkJiary ol Atlantic Rtcnlwld Company 

A OtO ami k 
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Baapira Abo Unit F-27 GIW 

SUBJECT: PRESENT STATUS BY: D.C. BRETCBES 

DATUM: RKB (11') 

8-5/8" 28# J55 Surf CSG 
set @ 1003'. CMTD w/ 450 sx. 
TOC: SURF 

PBD: 5941' 
TD: 6108' 

184 j t s 2-3/8" 4.7# 8RDEUE 
J55 IPC TBG Btm'd @ 5790' 

ER Receptacle w/ 1.81" R P r o f i l e 
Baker 5-1/2" Lok Set PKR 8 5790' 
1 j t 2-3/8" 4.7# 8RDEUE J55 IPC TBG 

Open Abo Perfa 5884,86,88,93,95, 
5905,07,09,11,13,18,I 20 (12 holes) 

CR set 8 5941' 

Squeezed Abo Perfs 

5980-90' (20 holes) $ 6041-68' (15 holes) 
Squeezed w/ 150 sx cmt 

5-1/2" 15.5# J55 Prod CSG 
set @ 6108'. CMTD w/ 170 units & 
150 sx. TOC: Surf 



Empire Abo Unit F-27 GiW 
Prepensed Status 

fe 

v.'. ••>.' 
' S O 

\ 
8-5/8" 28# J55@1003'. 
Cmt. w/450 sx 

2-3/8" 4.7# EUE 
J55 IPC 

ER Receptacle w/1.81" R Profile 
Baker 5-1/2" Lok set wth 
1 }t. 2-3/8" 4.7# EUE J55 IPC Tbg. 

Squeezed Abo Perfs 5884'-5920' 
12 holes. 

Proposed Abo perfs. 6030'-55' (50 holes) 

5-1/2" 15.5#J55@ 6108'. 
PBD= 6070* 
TD= 6108' 



Empire Abo Unit F-31 GIW 

SUBJECT: PRESENT STATUS BY: D.C. BRETCBES 

Sr. A 

PBD: 6050' 
TD: 6175' 

DATUM: GL 

8-5/8" 23# SW SJ Surf CSG 
set 6 1000'. CMTD w/ 650 sx. 

TOC: SURF 

Squeeze p e r f s @ 1248' 

184 j t s 2-3/8" 4.7# 8RDEUE 
J55 IPC TBG Btm'd 8 5753' 

Guiberson H-l Hydraulic Holddown Anchor 
Guiberson KVL-30 Production Packer 
aet 6 5753' 

Open Abo Perfs 5828,34,40,50,55, 
60,69,76,81, i 87 (10 holes) 

CIBP set 8 6050' 

Isolated Abo Perfs 
6107-34' (54 holes) 

4-1/2" 9.5# & 11.6# J55 Prod CSG 
s e t 6 6175'. CMTD w/ 800 sx 
TOC: Surf 



8-578- 23 ppf, SW, SJ <§> 1000' 
Cmt. w/650 sx 

Squeeze perfs. <§> 1248' 

2-3/8" 4.7# EUE 
J55IPC 

Baker FL on/off w/1.81" R Profile 
Baker 5-1/2" Lok set with 
1 |t. 2-3/8" 4.7# EUE J55 IPC Tbg. 

Squeezed Abo Perfs 5828'-87' 
10 holes. 

Proposed Abo perfs. 6107-34' (54 holes) 

4-1/2" 9.5 & 11.6 ppf, J-55 @ 6175' 
PBD= 6157' 
TD= 6175* 



fflnpixe Abo Unit G-24 

SUBJECT: PRESENT STATUS BY: D.C. BRETCBES 

PBD: 5952' 
TD: 6106' 

DATUM: GL JV 

8-5/8" 28# J55 Surf CSG 
set 3 750'. CMTD w/ 250 sx. 

TOC: SURF 

186 j t s 2-3/8" 4.7# 8RDEUE 
J55 IPC TBG Btm'd @ 5787' 

ER Receptacle w/ 1.81" R P r o f i l e 
Baker 5-1/2" Lok Set PKR 8 5787' 
1 j t 2-3/8" 4.7# 8RDEOE J55 IPC TBG 

Open Abo Perfa 
5862-83' (22 holea) 

Top of f i l l on CR 8 5952' 

5-1/2" CR set 8 5960 
Orig inal Abo Perfs 
6024-44' (40 boles) 
Squeezed «7 175 sx cmt 

5-1/2" 15.5# J55 Prod CSG 
set 6 6104' . CMTD w/ 1100 sx 
TOC: 1000' - Calculated 



Empire Abo Unit G-24 GIW 
Proposed Status 

n 

8*5/8" 28# J55@750\ 
Cmt. w/ 250 sx 

2-3/8" 4.7# EUE 
J55 IPC 

ER Receptacle w/1.81" R Profile 
Baker 5-1/2" Lok set wUi 
1 Jt. 2-3/8" 4.7# EUE J55 IPC Tbg. 

Squeezed Abo Perfs 5862'-83' 
(22 holes). 

Proposed Abo perfs. 6024'-50' (52 holes) 

5-1/2" 15.5# J55 @ 6104". TOC @ 1000' Calc. 
PBD= 6068' 
TDs 6106' 
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BEFORE EXAMINER STOGNER 

Exhibit r : o . 2 L . 

Case Mo. 

BLOWDOWN EVALUATION 
EMPIRE ABO UNIT 
ABO RESERVOIR 

EDDY COUNTY, NEW MEXICO 
January, 1985 

by 
Timothy J. Detmering 

ARCO Oil and Gas Company 
Midland, Texas 



ARCO OM and Gas Company 
Permian District 
Post Office Box 1610 
Midland. Texas 79702 
Telephone 915 684 0149 

Joe R. Hastings 
District Engineer — West 

April 3, 1984 

WORKING INTEREST OWNERS 
EMPIRE ABO UNIT 

Gentlemen: 

The following report documents our analysis of blowdown 
timing for the Empire Abo Unit. It is our recommendation, 
based on the information presented, that residue gas injection 
be continued to the year 1995. Basis for this recommendation 
is the optimizing of energy recovery and the maximizing 
of undiscounted cash flow. This recommendation does not, 
however, preclude reservoir blowdown at an earlier date 
should changes in market conditions and/or reservoir 
performance deem it more economical to do so. If you have 
any questions about any of the information presented in 
this report, please feel free to give me a call at 
(915)684-0149 or contact David Douglas at (915)684-0163. 

purs very truly, 

Joe R. Hastings 

JRHrsc 
Att. 

A R C O Oi l a n d Gas C o m p a n y is a D i v i s i o n o f A l l a n l i c R i c h d e l d C o m p a n y 
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SUMMARY 

Recovery of energy from the Empire Abo Unit will be maximized by 
initiating residue gas sales in 1995. As a result of maximizing 
energy recovery, the working and royalty interest owners of the Empire 
Abo Unit will maximize their undiscounted net income. The impact of 
blowdown is summarized in Table 1, on page 2. 
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TABLE 1. Evaluation of Blowdown Timing Based on Constant Operating 
and Overhead Costs, and Constant Product Prices. 

Blowdown 
Start Date 

Unit Oil 
Reserves 

After 1/85 
(MSTB) 

Unit NGL 
Reserves 

After 1/85 
(MSTB) 

Unit Gas 
Reserves , 

After 1/851 

(MMSCF) 

Undiscounted 
Net Income 

BFIT 
(MM$) 

Gross 
Energy 
Recovery 

( T r i l l . BTU) 

1/85 7415 4527 82641 361 251 

1/90 11350 5369 69244 399 268 

1/95 13929 6292 52153 410 274 

1/03 15663 7951 21406 357 264 

Table 2. Prices, Tax Rates, and Costs Used in Economic Calculations. 

Oil Prices 
Tier 1: $30.00/BBL, Base Price: S19.00/BBL 
Tier 2: $30.00/BBL, Base Price: S22.00/BBL 

Gas Price: $2.90/MCF 

NGL Prices 
Ethane: S0.22/gal 
Propane: $0.35/gal 
Butane: $0.52/gal 
Gasoline: $0.63/gal 

•Production Tax Rates 
Severance Tax: 3.75% 
Emergency School Tax: 3.15% 
Ad Valorem Tax: 0.18% 

Windfall Profits Tax Rates 
Tier 1: 70% 
Tier 2: 60% 

Operating Costs 
With Gas Injection: $7020M/year 
Without Gas Injection: $6468M/year 

Overhead Costs: $990M/year 

1. Storage gas owned by Gas Company of New Mexico has been 
deducted from the Unit gas reserves (3.7 BCF). 
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CONCLUSIONS 

1. Energy recovery, which is the sum of the heating values of the 
recovered o i l , natural gas liquids (NGL), and residue gas, is 
maximized by starting blowdown in 1995. 

2. Continued residue gas injection until 1995 will allow the Empire 
Abo Unit to take advantage of the gravity drainage mechanism of 
the Empire Abo reservoir. Thus, the Unit will recover more oil 
reserves than- i t would by starting blowdown in 1985. The 
additional recovery is the result of allowing the thin oil column 
in the back-reef area to migrate downdip to the fore-reef area 
where the oil column is thicker and the oil can be economically 
and efficiently produced. 

3. Continued residue gas injection until 1995 also enables the Unit 
to recover additional NGL reserves. The additional recovery is 
the result of lean gas sweeping the free gas in the gas cap and 
lean gas stripping NGL's out of the oil remaining in the gas cap. 

4. In order to realize increased oil and NGL recoveries i t is 
necessary to use residue gas for fuel. Fuel use, combined with 
venting, causes residue gas recovery to decrease with continued 
gas injection. 

5. The impact of blowdown on present worth is a function of the 
discount rate used in the economic calculations. Undiscounted 
economics favor starting blowdown in 1995. As higher and higher 
discount rates are applied to the cash flows, the optimum 
blowdown start date moves toward 1985. At a discount rate of 7 
percent or more the optimum blowdown start date is 1985. 

RECOMMENDATION 

Based on undiscounted economics and prevention of waste i t is 
recommended that the Empire Abo Unit continue to inject residue gas 
until 1995, at which time residue gas sales should begin. 



i 
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INTRODUCTION 
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INTRODUCTION 

This study was initiated to determine when residue gas sales should 
begin at the Empire Abo Unit. Currently, residue gas is injected into 
the gas cap to increase recoveries of oil and NGL's. Residue gas is a 
saleable product and the Unit is foregoing income from residue gas 
sales to realize more income from oil and NGL sales. Blowdown should 
begin when the value of the potential residue gas recovery exceeds the 
value of the oil and NGL recoveries that depend upon residue gas 
injection. 

Two separate numeric simulation studies were conducted to analyze the 
impact of blowdown timing on o i l , gas, and NGL rates and recoveries. 
ARCO's two-dimensional, multi-component simulator was used to predict 
the NGL content of the produced gas. This simulator is referred to as 
the compositional model in this report. ARCO's three-dimensional, 
three phase simulator was used to predict oil and gas production rates 
and recoveries. This simulator is referred to as the black oil model 
in this report. 

Both models were required to analyze blowdown timing because of 
limitations inherent in each. The compositional model is specifically 
designed to calculate recoveries of individual reservoir fluid 
components. Thus, the compositional model can predict rates and 
recoveries of the NGL components - ethane, propane, butane, and 
gasoline. However, the complexity of the compositional model 
precludes the use of gas coning correlations. Because of the 
significant impact of gas coning on oil rates and recoveries at Empire 
Abo, gas coning correlations are necessary to accurately forecast oil 
production. Therefore, the black oil model, which includes gas coning 
correlations, was run to predict accurate oil rates and recoveries. 

Gas production is accurately predicted by both simulators. The 
forecast calculated by the black oil model was used as a matter of 
convenience. 

The setup and design of the compositional model is discussed in 
reference 4. The black oil model is discussed in reference 3 and 
Appendix A. Appendix C contains the results of the black oil model 
history match including plots comparing calculated versus actual well 
performances. 
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FIELD HISTORY AND GEOLOGY 

History 

The Empire Abo Field is located approximately 8 miles southeast of 
Artesia, in Eddy County, New Mexico. Development of the Abo reservoir 
began with the drilling of Amoco's Malco "A" No. 1 (Unit designation 
M-14) in November 1957. Drilling was rapid and extensive following 
this successful completion. The productive Abo reservoir in this field 
consists of 11,339 acres located in portions of Township 17 South, 
Ranges 27, 28, and 29 East, and Township 18 South, Ranges 27 and 28 
East (Figure 1). 

Approximately 97 percent of the reservoir was unitized into the ARCO 
operated Empire Abo Unit in October 1973 (Ref. 2). The intent of the 
unitization was to conserve reservoir energy by producing from the low 
GOR wells, thus minimizing free gas production. In this way the Unit 
has taken better advantage of the gravity drainage mechanism and has 
increased ultimate oil and NGL recoveries as compared to competitive, 
primary depletion. 

An engineering study conducted in 1975 indicated ultimate oil recovery 
would be improved by selective i n f i l l drilling on 20 acre spacing. A 
subsequent study conducted in 1977 concluded further increases in oil 
recovery would result from selective i n f i l l drilling on 10 acre 
spacing (Ref. 3). A total of 160 i n f i l l wells were drilled as a result 
of these studies. 

A voidage limit of 56,912 RVBPD was established by the New Mexico Oil 
Conservation Commission for the Empire Abo Unit to ensure controlled 
depletion of the reservoir. An engineering study completed in 1983 
indicated removing this voidage lim i t , and replacing i t with a gas 
production limit of 65 MMCFPD, would enable the Unit to operate more 
efficiently and recover additional oil and NGL reserves (Ref. 1). The 
gas production limit went into effect in May 1984. 

Field performance is shown in Figure 2. Basic reservoir data is 
listed in Table 3. 

Geology 

The Empire Abo field produces from a transgressive, carbonate, barrier 
reef buildup of lower Leonardian (Permian) age. This reef is one of 
several in a long trend flanking the northern edge of the Delaware 
Basin. The reef grew from southwest to northeast. I t is 
approximately 12i miles long and H miles wide. Parallel to the reef 
trend, the reef dips 1 degree from southwest to northeast. 
Perpendicular to this trend the reef dips sharply at 10 to 20 degrees 
from crest to fore-reef, or north to south. The average depth of the 
reef is 5800 feet and the thickness averages 300 feet. 

The trapping mechanism at Empire Abo is both stratigraphic and 
structural. The reef dips below the oil water contact to the south 
and east. Permeability pinch outs to the north and west occur as a 
result of carbonate muds, green shales, and anhydrite inclusions. 
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Porosity development is erratic and cannot be correlated between 
wells. Development is the result of leaching of abundant detrital 
fossil fragments, dolomitization, and recrystallization. The most 
prolific porosity development is found in the reef core. There is no 
apparent intercrystalline porosity. 

Vertical fracturing, which contributes to the gravity drainage 
mechanism of the reservoir, is apparently due to local slumping as 
well as large scale settling and some tectonic activity. Fracture 
orientation is generally 0 to 45 degrees from vertical and is parallel 
to the reef trend. These fractures apparently link up the erratic 
porosity development and provide excellent pressure communication in 
the reservoir. 
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Table 3. Empire Abo Unit Reservoir Data Summary. 

General 

Discovery November 1957 
Well Status - October 1984 

Producers 228 
Injectors 21 
Shut-In 146 

Current Status - October 1984 

Unit Allowable (BOPD) 6533 
Oil Production (BOPD) 6373 
Gas Production (MCFD) 61599 
Producing' GOR (CF/BO) 9665 
Gas Injection (MCFD) 31699 
Water Production (BWPD) 7761 

Average Depth to Top of Reef, Feet 5767 
Productive Acres 8993 

Formation 

Type Rock 
Average Net Pay Thickness, Feet 
Average Porosity, % (Log Data) 
Water Saturation, %, Main Reef 
Original Gas Oil Contact, Feet Subsea 
Original Water Oil Contact, Feet Subsea 
Reservoir Mid-point, Feet Subsea 

Reservoir Fluid 

Original Reservoir Pressure, psi at -2264 (Pi) 2359 
Original Bubble Point Pressure, psia at -2264 (Pbpi) 2231 
Oil Formation Volume Factor at Pbpi, RVB/STB (Boi) 1.606 
Gas Formation Volume Factor at Pbpi, RVB/SCF (Bgi) 0.00098 
Gas in Solution at Pbpi, SCF/STBO (Rsi) 1250 
Oil Viscosity at Pbpi, centipoise (juoi) 0.387 

Reservoir Volumetric Data 

Original Oil-in-Place (MMSTBO) 383.2 
Original Gas-in-Place (BCF) 483.4 
Estimated Ultimate Recoveries (Total Reservoir) 

Oil (MMSTBO) 224.7 
{% of 00IP) 58.6 

Gas (BCF) 465.8 
(% of OGIP) 96.4 

Vugular Dolomite 
183 
6.4 
8.6 

-1750 
-2665 
-2264 
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PERFORMANCE PROJECTIONS 

Projections were calculated for starting blowdown at 1/1/85, 1/1/90, 
1/1/95, and at the economic limit of gas injection - 1/1/03. Computer 
time limitations prohibited calculating forecasts for starting 
blowdown at every year between 1/1/85 and 1/1/03. However, the 
recoveries of residue gas, NGL's, and oil appear to be continuous 
functions of blowdown timing (Figures 3 through 5). Therefore, 
recoveries for blowdown start dates other than 1/1/85, 1/1/90, 1/1/95, 
and 1/1/03 can be approximated by linear interpolation with 
no significant error. 

As illustrated.in Figures 3 through 5, starting blowdown immediately 
recovers the most residue gas and the least oil and NGL's. For every 
year that blowdown is delayed, residue gas recovery decreases, and oil 
and NGL recoveries increase. The curves labeled "Unit" in Figures 3 
through 5 reflect a net oil interest of 87.5 percent, a net NGL 
interest of 21.875 percent, and a net residue gas interest of 65.625 
percent. 

Starting blowdown in 1985 yields the highest residue gas recovery 
because fuel use is lowest for this case. The injection compressors 
are shut down immediately and the lives of the extraction plants are 
as short as possible. 

NGL recovery increases with delayed blowdown because the injected lean 
gas strips more NGL's out of the oil in the gas cap and sweeps out 
more enriched gas. 

Oil recovery increases with delayed blowdown because the reservoir 
pressure decline is slowed. Slower pressure decline has three 
effects: one, incrementally higher pressure differentials between the 
reservoir and the wellbores; two, lower oil viscosities; three, more 
oil migration from the back-reef, where the oil column is too thin to 
be produced, to the fore-reef, where the oil column is thicker and can 
be economically and efficiently produced. A more thorough explanation 
of the impact of blowdown on oil rates and reserves is found in 
Appendix B. 

In order to compare the value of the residue gas lost to the value of 
the oil and NGL's gained by continued gas injection, i t is useful to 
examine the energy recovery for each blowdown case studied. Energy 
recovery is calculated by multiplying the heating value of each 
product by its recovery. Thus, instead of making a comparison of BBLS 
of oil to MCF of gas, a comparison of BTU's of oil to BTU's of gas is 
made. This calculation determines which blowdown timing will recover 
the most energy and therefore minimize waste. This is an important 
criterion not only for the Unit but also for the State and Federal 
regulatory bodies that oversee the Unit's operations. 



I I 

Of the four cases simulated, starting blowdown in 1995 recovers the 
most energy (Figure 6). I t is possible that starting blowdown either 
shortly before or shortly after 1995 will actually recover more energy 
than starting blowdown exactly in 1995. However, Figure 6 indicates 
that 1995 is a good approximation of the optimum blowdown start date 
in terms of energy recovery. Continuing to inject residue gas after 
1995 would provide incremental recoveries of oil and NGL's as compared 
to starting blowdown in 1995. However, the energy expended through 
fuel use would be greater than the incremental energy recovered as oil 
and NGL's. 

Complete projections of field performance are illustrated in Figures 7 
through 10. A summary of the energy recoveries is found in Appendix 
D. 
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ECONOMIC EVALUATION 

As shown in Figure 11, the economics of blowdown depend upon the 
discount rate used in the calculations. This is to be expected since 
starting blowdown immediately would increase short-term income, and 
therefore would be advantageous at high discount rates, whereas 
delaying blowdown would increase long-term income, and therefore would 
be advantageous at low discount rates. The recommendation to start 
blowdown in 1995 is based on undiscounted economics and prevention of 
waste. 

The BFIT economics were calculated assuming a 100 percent working 
interest, an 87.5 percent net oil interest, a 62.625 percent net gas 
interest, and a 21.875 percent net NGL interest. The present worth 
reference date is 1-1-85. A summary of the impact of blowdown timing 
is presented in Table 4. Table 5 lists the prices, tax rates, and 
costs used in the economic calculations. Detailed summaries of the 
economics are found on pages 21 though 24. 

Gas Storage 

The Unit and the Gas Company of New Mexico (GCONM) have an agreement 
whereby the Unit stores gas for GCONM. The return rate to GCONM is 
limited to 65 percent of the residue gas sales rate. I t was assumed 
in the economic calculations that GCONM will take their gas back at 
the maximum permissible rate. The returnable gas volume was 
approximately 3.7 BCF in December 1984. 
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TABLE 4. Evaluation of Blowdown Timing Based on Constant Operating 
and Overhead Costs, and Constant Product Prices. 

Blowdown 
Start Date 

Unit Oil 
Reserves 

After 1/85 
(MSTB) 

Unit NGL 
Reserves 

After 1/85 
(MSTB) 

Unit Gas 
Reserves , 

After 1/851 

(MMSCF) 

Undiscounted 
Net Income 

BFIT 
(MM$) 

Gross 
Energy 
Recovery 

( T r i l l . BTU) 

1/85 7415 4527 82641 361 251 

1/90 11350 5369 69244 399 268 

1/95 13929 6292 52153 410 274 

1/03 15663 7951 21406 357 264 

Table 5. Prices, Tax Rates, and Costs Used in Economic Calculations. 

Oil Prices 
Tier 1: 
Tier 2: 

Gas Price: 

NGL Prices 
Ethane: 
Propane: 
Butane: 

$30.00/BBL, Base Price: $19.00/BBL 
$30.00/BBL, Base Price: $22.00/BBL 

S2.90/MCF 

$0.22/gal 
$0.35/gal 
$0.52/gal 

Gasoline: $0.63/gal 

Production Tax Rates 
Severance Tax: 
Emergency School Tax: 
Ad Valorem Tax: 

Windfall Profits Tax Rates 
Tier 1: 
Tier 2: 

Operating Costs 
With Gas Injection: 
Without Gas Injection: 

3.75% 
3.15% 
0.18% 

70% 
60% 

$7020M/year 
$6468M/year 

Overhead Costs: $990M/year 

1. Storage gas owned by Gas Company of New Mexico has been 
deducted from the Unit gas reserves (3.7 BCF). 
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BLACK OIL NUMERIC SIMULATOR DESCRIPTION AND DESIGN 

Modeled Area 

A representative slice (Figures Al and A2) of the reservoir was 
modeled as opposed to modeling the entire reservoir due to 
manpower and computer time limitations. This slice is 
representative of the entire field with the exception of the 
extreme east and west ends. The east end has experienced a 
considerable amount of water influx while the west end appears to 
be a solution gas drive reservoir rather than a gravity drainage 
reservoir. The combined volume of these two portions of the 
reservoir is less than 10 percent of the total reservoir volume. 

H.P. Foster modeled this same slice in 1977 to study the impact 
of i n f i l l drilling. The success of Foster's model study, as 
illustrated by the close agreement of his oil forecast and actual 
production (Figure A3), demonstrates the results of the slice 
model can be scaled up to provide forecasts of the entire field's 
performance. Unfortunately, all of Foster's projections assumed 
blowdown in 1985 and therefore i t was necessary to make 
additional simulator runs to study the impact of blowdown at 
later dates. 

The numeric reservoir simulator used for the cross-sectional 
slice model is ARCO's three-dimensional, three phase, unsteady 
state, compressible flow, semi-implicit model. This black oil 
model numerically solves the partial differential equations which 
describe simultaneous o i l , gas, and water flow between reservoir 
segments in three dimensions. 

Model Set Up And Data Preparation 

For the numeric model to accurately predict future performance, 
i t must be set up dimensionally to properly reflect; fluid 
movement in the reservoir. The cross-sectional slice model is 6 
rows wide (east to west), 22 layers in the vertical direction, 
and 18 columns from back-reef to fore-reef as shown in Figure A4. 
The six rows are each 330 f t wide for a total width of 1980 f t . 
The outside rows are used to reflect well drainage areas. Each 
layer in the vertical direction is 25 f t thick. The third 
dimension of the cells, in the back-reef to fore-reef direction, 
varies from 370 f t to 600 f t . The smaller cells are used in the 
down dip heart of the reef to give adequate definition of flow 
characteristics during projections while the larger cells are 
used in areas where fluid movement is slower or relatively 
unimportant. The cells are aligned parallel to the dip of the 
reef base to eliminate a r t i f i c i a l impediments to north-south 
fluid movements and to adequately determine how well the fluid 
migrates to the down dip areas under different schemes of 
operation. The wells shown in Figure A4 are the actual field 
wells within the modeled area. 
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Porosity values were obtained by applying porosity index curves 
(Figure A5) to open hole neutron logs. These values formed the 
basis for volume calculations for the numeric model. Core data 
analysis indicates porosity varies as the log of permeability 
(Figure A6). Using this relationship, permeability values for 
each two foot interval of each well were calculated from the 
porosity values. These values were the basis for porosity and 
permeability maps of each individual layer in the model. 
Computer programs were used for sorting this digitized data to 
obtain gross and net pay, average porosity, and permeability 
values for any grouping desired. Isopach maps were made of each 
layer to determine pore volumes and permeabilities for each of 
the 2376 cells in the model. 

Interstitial water saturations were based on the 1970 numeric 
model simulation and checked by analysis of logs obtained during 
the 20 acre i n f i l l drilling program. Fluid data relationships 
(Figure A7 and A8) are from a composite of analyses from five 
different wells which were selected to give good coverage of the 
reservoir. 

Reservoir pressure data in the area of the slice is very good. 
At least two wells, and sometimes more, were tested during each 
annual BHP survey giving an adequate pressure history for the 
area. Oil, gas, and water production data are also good. The 
New Mexico Oil Conservation Commission requires annual tests with 
well production reported by months. 

The gas oil relative permeability data (Figure A9) is the same as 
that used in the 1970 numeric simulation of the entire field. 

Gas Coning 

Because of the gas coning characteristics of the Empire Abo 
reservoir i t is desireable to include the effects of gas coning 
by individual wells. This is especially true during the latter 
part of the history match and during the projections as the wells 
are being produced at high total fluid rates. 

Individual well performances are controlled in the three 
dimensional model by correlations derived from simulations of 
individual type-wells with a two dimensional, R-Z (radial-
vertical), multi-phase, compressible flow simulator. Multiple 
projections were made at various reservoir producing rates to 
relate producing GOR to average oil saturation in the well cell 
columns. The characteristics of the R-Z Coning simulator closely 
approximate the column of cells for each well in the three 
dimensional simulator. These derived correlations were input 
into the slice model and used to control the performance of each 
well during its l i f e (Figures A10-A12). The oil column height 
used in these correlations is analogous to the distance from the 
top of the perforated interval in the well cell column to the gas 
cap. I t is based on the average oil saturation in this column. 
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One well, the G-21, was not controlled in the slice model with a 
coning correlation. It was fractured during its early l i f e and 
appeared to have a gas channel in the cement. I t was controlled 
by producing the required amount of gas from a cell in the gas 
cap to match its producing history. The G-21 is a last row, 
back-reef producer and was shut-in during all projections. 

History Match 

The history match obtained during the 1977 model study extended 
from 1959 to 1977. The seven years that have lapsed since this 
history match was completed had to be added in order to have the 
correct saturation and pressure distributions at the start of the 
forecasts. Furthermore, these seven years of additional history 
had to be added without changing the reservoir description so 
that the previous history match would not be altered. This was 
accomplished by adjusting only the coning correlations during the 
new history match period. Care was taken to ensure that these 
adjustments did not affect the producing wells prior to 1977. 

As in the 1977 history matching process, oil rates were input and 
the simulator calculated water and gas production rates. The 
coning correlations were adjusted after each tr i a l run of the 
simulator to obtain a match of gas production rates for each 
well. Five i n f i l l wells were drilled in the slice area between 
1977 and 1984: J-221, J-222, J-233, J-234, and K-231. These were 
included in the history match. 

The results of the history match, including plots comparing 
actual well performances versus calculated performances, are 
presented in Appendix C. The black oil simulator matched 
individual well gas production rates, water production rates, and 
average reservoir pressures from 1959 to 1984. 

Forecasts 

During the forecasting period the produced gas rate was limited 
to a field rate of 67 MMCFPD. This rate is the sum of the Unit 
allowable and the average rate of non-participating tracts in the 
field. Inflow performance analysis indicates this field rate 
will be maintained until the reservoir pressure is reduced to 
approximately 200 psi. Reinjection was set at 58 percent of the 
produced gas rate based on past performance of the gas plants and 
forecasts of reinjection volumes calculated by the compositional 
model. A bottom hole pressure limit of 200 psi was set for each 
well to control production at low reservoir pressures. This 
replaces the productivity index used by Foster in his forecasts 
and more closely simulates actual constraints on production 
caused by wellbore hydraulics and surface equipment. 



Scale Up 

Examination of Figure A13 leads to the conclusion that the slice 
is representative of the field but that its oil decline is not 
synchronous with the actual field decline. Higher voidage rates 
in the slice during the mid-70's apparently caused gas coning to 
occur earlier in the slice than in the rest of the field. As a 
result, the slice oil decline is leading the field by 
approximately 2 years. Therefore, the oil forecasts for starting 
blowdown in 1985, 1990, 1995, and 2003 were calculated by 
starting blowdown in the simulator in 1983, 1988, 1993, and 2001, 
respectively. These forecasts were scaled up based on the ratio 
of the hydrocarbon pore volumes of the slice and the field. 
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DISCUSSION OF OIL RATE AND RESERVE FORECASTS 

The incremental oil reserves recovered by delaying blowdown are 
the result of extending the field l i f e which allows additional 
migration of oil from the back-reef to the fore-reef. This is 
illustrated in figures Bl through B5 in which the gas cap, oil 
column and water column are mapped for one row of cells in the 
simulator. Figure Bl is the saturation distribution at the start 
of the oil rate forecasts which is 1/1/83 in the slice and 
represents 1/1/85 in the field. Figure B2 is the saturation 
distribution at the economic limit for starting blowdown in 1985. 
Approximately 50 f t of oil in the back-reef area (columns 3, 4, 
and 5) has migrated to the fore-reef area. Compare this to 
Figure B5 which is the saturation distribution at the economic 
limit for starting blowdown in 2003. Here the migration of oil 
is roughly three times that for starting blowdown in 1985. 

The incremental oil rates obtained by continued gas injection are 
the result of slowing the pressure decline of the reservoir. 
Although the recovery mechanism at Empire Abo is gravity 
drainage, which is relatively independent of reservoir pressure, 
the production mechanism is fluid expansion, which is very 
sensitive to reservoir pressure. The effect of reservoir 
pressure on oil rates is most easily explained using Equation 1 
which is an expression of Darcy's law for linear fluid flow in 
permeable beds: 

KOAP 
(1) 

MoL 

where 

Oil rate, BOPD, 

K 
o 

Effective Oil Permiability, Darcies, 

Pressure differential across the bed, psi, 

Oil viscosity, cp, and 

L Length, f t . 
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The pressure dependent terms in Equation 1 are AP and /*-o. 
Assuming the only significant difference in the four blowdown 
cases is reservoir pressure, the ratio of the oil rates for any 
two cases can be expressed as: 

%i'%z - <*pWi/(APW2 w 

Using the oil rate forecast for starting blowdown in 2003, the 
oil rate forecasts for starting blowdown in 1985, 1990 and 1995 
were calculated using Equation 2. If the differences in oil 
rates between the four cases are due entirely to the differences 
in reservoir pressures, then the forecasts calculated using 
Equation 2 should match the simulator calculated forecasts. The 
results of these calculations are illustrated in Figures B6 
through B8. The agreement of the forecasts indicates the 
incremental oil rates obtained by delaying blowdown are due 
entirely to the incrementally higher reservoir pressures. 
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APPENDIX C 

Black Oil Numeric Simulator History Match 



Cl 

TABLE Cl 
HISTORY MATCH RESULTS 

Gross Oil Production, STB 

Gross Gas Production, MCF 

Average Reservoir Pressure, psi 

Individual Well Gas 
Production, MCF 

J-22 

1-22 

K-22 

K-23 

J-231 

J-221 

J-222 

J-233 

J-234 

K-231 

H-22 

H-21 

G-21 

Actual 

5,959,309 

11,853,407 

1,003 

1,887,197 

956,476 

1 ,590,347 

1,587,784 

783,200 

1,191,748 

24,662 

836,810 

392,735 

826,495 

382,146 

451,068 

932,739 

Model 

5,959,309 

11 ,326,669 

1,028 

1,762,151 

1,001,867 

1,561,049 

1,583,831 

646,498 

1 ,015,900 

10,835 

801,228 

446,310 

754,031 

371,110 

454,988 

916,871 

% Difference 

None 

-4.4 

2.5 

-6.6 

3.7 

-1.8 

-0.3 

-17.5 

-14.8 

-56.1 

-4.3 

13.6 

-8.8 

-2.9 

0.9 

-1.7 
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APPENDIX D 



Energy Recoveries 

Dl 

Energy recovery is calculated by multiplying the remaining reserves of each 
product by its heating value. Table Dl lists the heating values of each 
product. Table D2 lists the energy recovery for the four blowdown cases 
studied. 

Table Dl. Heating Values for Oil, NGL's, and Residue Gas. 

Product Heating Value 

Residue Gas 1,010,000 BTU/MCF 

Ethane 65,889 BTU/gal 

Propane 90,962 BTU/gal 

Butane 102,918 BTU/gal 

Gasoline 110,071 BTU/gal 

Oil 5,500,000 BTU/STB 
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ARCO Oil and Gas Company Q 
Central Dislnct 
Pos! 0»ice Box '510 
Vidians Texas ?9702 
'oien^or,*; 915 638 5200 

BEFORE EXAMINER STOGfi. 

Oil Conservation DiviGhn 

£ £ C Exhibit No ._ j /L 

Case Ko. _ ^ « £ L _ ~ — 

May 21, 1990 

TO: Working Interest Owners 

RE: Empire Abo Unit Nos. G-24, F-27, F-31 
Sees. 31, 32, 33 Of T17S-R28E 
Eddy County, Texas 
AFE No. 915289 

Dear Working Interest Owners: 

Enclosed please find AFE No. 915289 for $143,100 gross to workover wells F-27, G-24, and F-
31 in the Empire Abo Unit. Justification from engineer, Gary Smallwood, and other supporting 
documentation is included for your information. ARCO respectfully requests your prompt 
approval of this work. To approve, please sign and return one (1) copy of the AFE to: 

If you have questions, please don't hesitate to call me at 915 688-5544 or Gary Smallwood at 915 
688-5359. 

ARCO Oil and Gas Company 
ATTN: Janet L. McCleery - MIO 394 
P.O. Box 1610 
Midland, Texas 79702 

Sincerely, 

Janet L. McCleery 
Operations Analyst 
Southwest District 

Attachments 



Vi l l i E Original authorization 

Empire Abo Uni t Nos. F-27, F-31 • Revision » 

Lower P e r f o r a t i o n s ; Squeeze o l d p e r f s . 
Economics | & *«q»'™» 

J • No! required 
Location Slate/county cooe AFE number 

Sec. 3 1 , 32 & 33-, 17S-28E Eddy C o . , NM 30-015 
Originated by/Department ! District Protect or program idenlilier 

S m a l l w o o d / E n g i n e e r i n g NW-Central L40 

Field nam •/Play name/Prospect nam« IFieid/play coo* Book property cooeisi 

E m p i r e Abo ! 064185 6434266 ~ 0 1 

Laa i * record number SuOftct to prod payment (Wall pun prepared 
other fundings . 

• Yes © No 1 B Yes • No 

Orgamtation coot Co-owner operator AFE No l i j /Properly coca 

Purpose ot authorization Reason for drilling 

New drilling Development V f - ] 

Recompletion Exploratory 

X Workover Other | 

ia Drill old well deeper 

Other | 

ia 

Budget information 

D*v**oo I—I B « o , * c * -
H W f t i t l I J rrxxM 

81 c o d e \ A m o u n t 

453 I 5 2 . 5 5 0 
S l c o d e 2 A m o u n t 

Primary objective of drilling (definition on reverse side) 

j Oil only 

I Gas only 

I Oil/Gas 

Signa tu re 
Oist . Eng ineer i n d r x Ei rMoreiKXi g r W p 

Approved capital program: budget year 19 N . A . 

• Original budget • Approved LE. • Other: 

Protect i n c l u d e d in a p p r o v e d p r o g r a m • Yes • No 

Currant year expenditure can be lunded r—t u r—i 
b y a p p r o v e d cap i t a l a l l o c a t i o n l _ ) Y e S U N O 

It no . a m o u n t o l a d d i t i o n a l 
cap i ta l to be reoues ted $ 

Component ' 
AFE No.(s) Description and justification Gen/Sub Gross amounts-in whole dollars only 

Account codes | 0 n hand j Capital Expense Total 

Workove rs 9501 143.100 I 143.100 

, O i n e r 

1 
I 

U t e r eve r i e t i de it m o r e l ines are n e e d e d 

See d e t a i l on back 
; O p n s mgr Opera to r 

AOGC 

Gross to ia is 

143,100 ' 143 ,100 
i-gineeimg Net A O G C snare 

AOGC interest decimal I 3 6i 7! 21 2! 71 81 0 5 2 , 5 5 0 : 5 2 , 5 5 0 

a j o g e t Present w o r m AF iT > invest £ ( » ic t *ncv AF tT Rate ot re tu rn S A F i T Gross 

P a n g e 
1 3 " . L o - e n C a p i ' - - * " 

Stguis.M 43suooe.,Expil-="- 1 2 4 , 7 0 0 ••-"="'' 204 ,000 
roceau 'a r ' C h a n c e fac tor |S» 

I "w3«ted 43supper.'Exp-J»*' 4 5 , 7 9 3 \ u o p t ' 74 ,914 
13'« tower. Capt'°"*" 

/07f 

C o - o w n e r approva l s .gna tu ie 

^ e f s ) ' ! P r i o r y M r I Current year I Thereafter 

Oate C o m p a n y 

i Capital . S 

Est imated s tan da le 

5 /90 

Est ima ted c o m p l e t i o n oate 

i 6/90 Expense S 5 2 , 5 5 0 : S 

provals (check hignest level required) Authorized expenditure limit table No.- 123-1 
Date 

5P_ 
E<ecuhve V.ce President - - K C i . 

n 
Date 

I 

p r r s ' O e m . A Ft C u 

• 

Vice P»es<o*nt-A O C C 

• 

Oate C f n i ' m a n o ' f n ^ Soaro 

• 

Da:e 

>*r».of V 'C i Prpsioer. i -A O G C B o a ' 0 o ' O " e c i o i i 

• 

Plenum * O G C Oate 

4 H 3 8 M J N ARCO Oil and Gas Company is a Division ol AtlanticRichlieldCompany 



.uthorization for Expenditure 
mi* AFE No. 

1 
Component 
AFE No.(s) 

Description and justification Gen/Sub 
Account codes 

Grots Amounts—In whole dollars oniy 1 
Component 
AFE No.(s) 

Description and justification Gen/Sub 
Account codes On hand Capital Expense Total 

G-24 Workove r 4 4 , 7 0 0 4 4 , 7 0 0 

F-27 Workove r 4 4 , 7 0 0 4 4 , 7 0 0 

F-31 Workove r 5 3 , 7 0 0 5 3 , 7 0 0 

• 

1 
1 
! 
I 

1 

1 

Note: Include any amounts shown on this page in totals on reverse side. 

Oil only: 
Relers to a well rjrilled where primary objective is oil only or oil and casinghead gas. 

Oetinitlon ol primary Gaa only: 
obiective ol drilling. Raters to a well drilled where primary obiective is gas only or gas and condensate. 

Oil and/or gar. 
Refers to drilling in areas where primary objective is dual or uncertain. 

Oefmilron of reason 
lor drilling. 

Develop reserves: 
Applies to wens drilled to develop new or additional proved reserves and attendant productive capacity All exploratory wells plus 
development wens (nat meet the above criteria, (ail in tnis Classification 
Rate: 
Applies to weils drilled to accelerate the production of existing proved reserves 
Combination reienret and rates: 
Applies to wens wnose economic lustilicadon is partially eased on additional reserves to be developed witn attendant productive capacity 
added ano partially cased on me accelerated recovery ot existing developed proved reserves For this classification, 
snow the percent of the economic justification which is applicable lo tne rate portion of Ihe wen 
Secondary recovery: 
Applies to wens drilled m connection with a secondary recovery proieet These may be infill wells, wells drilled lo fill out flood patterns, 
or wens drilleo to replace producers converted to infection or supply service. 
Replacement: 
Aopnes to weils drilled to replace wells that have ceased to produce 
Service: 
Appnes to wells drilled tor the purpose ol Supporting production m an existing field such as gas. water, steam and air iniection; salt water 
Cisposai waier Supply lor in/eclion. Observation, ano m ;ection lor in.situ combustion: etc 
Tertiary recovery: 
Recovery tertiary reserves 



ARCO Oil and Gas Company <> 5/7/90 Authorization for Expenditure 
7.He 

E m p i r e Abo U n i t Nos. G - 2 4 , F - 2 7 , F -31 

2) Original authorization 

• Revision # 

Lower P e r f o r a t i o n s ; Squeeze o l d p e r f s . 
Economtcs 1 ~ P e q u i r e g 

: D Not feauirec 
L o c a t i o n : State c o u n t y c o o e 

Sec . 3 1 , 32 & 3 3 ; 17S-28E Eddv C o . , NM 30-015 

AFE nufTiber 

O n q m t t e a b y / D e p a r t m e n t 

S m a l l w o o d / E n g i n e e r i n g 

0(S(nct 

N W - C e n t r a l L A 0 

Protect o t p r o g r a m toenhtter 

F.eid n a m e / P l a y n a m * / P r o s p e c t n a m e 

E m p i r e Abo 

Fte id /p iay c o d e 

064185 

Booh p roper ty c o o e t s i 

6434266 - ° l 

Lease r e c o r d n u m b e r Suoieci io proa payment ( W e l l p lan p repa red 1 O r g a n i z a t i o n cooe C o - o w n e r ope ra to r AFE N o I S I ' P r o p e r t y c o d e 
otrter funo-ngs | 

• Yes S No i S Yes • No 1 

Purpose ot authorization Reason for drilling Budget information 
|New drilling 

[Recompletion 

X I Workover 

I Drill old well deeper 

Development 

Exploratory 
Other 

. 0 . 1 — i i — i 1 i — i -•' 

°'o I I—I Otveioo f—i Onorace- r—i 
, L J f t r i i o i ) L J m " > ' L J S*r*.ct 

Ten.ir> j—i '.Kotirv I Bt cooe 1 A m o u n t 

• Comointa 
Reserve . rue % 

4 5 3 j 5 2 . 5 5 0 

91 c o d e 2 A m o u n t 

Primary objective of drilling (definition on reverse side) 
I O i l o n l y | Signature 

• G a s o n l y 

Dist Engineer and'or Exploration grvvp 

Oil/Gas 

Approved capital program: budget year 19 N . A . 

D Original budget C Approved L.E. O Other: 

j Project included m acproveo program O YeS G N o 

i Current year expenditure can be funded ,—. ,—. 
I by approved capital allocation L J YeS l_i N o 

K no amount of additional 
I capital to oe tequesteo S 

Component V Description and justification j Gen/Sub Gross amounts-in whole dollars only 
AFE No.(s) V Description and justification Account codes On hano Capital Expense Total 

Workove rs 

i 

' 9501 

i i : 

; ' 1 4 3 . 1 0 0 i 143 .100 

. i ! 
I : i 

f 

j 
i . _. 

1 1 1 

i " ! 1 
i 
i • ! i 

i O t n e r Use reverse side it m o r e unes a ie needed | 

See d e t a i l on back ' 
O p n s mgr Opera ior 

AOGC " 

Gross to ia is 

• 143 ,100 i 143 ,100 

AOGC interest aecimai | 3 6 7' 2 2! 7i 8 0 

N*r A O G C snare 

; ' 5 2 , 5 5 0 52 ,550 

£ . ' B j o g e t 

TB i 

5 i 

Piesen i w o r m A f - I T - invest E ' t -c iencv A F i T Ra le of r e i u m s A F i T 

G ' ° " 1 3 : . L o v e r , C a o ; L - " " U B D e ' 

S'SuJsteo 43s ucoer, Exp,-'-- 1 2 4 , 7 0 0 •••>">•••• 204 ,000 
— „ y ^ r o c e a u r a i 

if, 
; C n a n c e l a c t o i 1S1 N e l 1 3 ' . L o « e r . C a P ' - o v , t ' J D " ' 

PeSuested 4 3 ; . u o o e r . E x p — > " * ' 4 5 , 7 9 3 ! ' - J D o e ' 7 4 , 9 1 4 

u : E x p l o r a t i o n 

•2! i 
Co-owner approva l s-gnature 

^ e T s ) ' • P r i o r y e a r • C u r r e n t year ! Thereafter 

e v a l u a t i o n Dale C j m o a n y * _ 

Capital \ S , S ! S 

w j n c m i l Est imated i i a r t oate E s r n a i e o c o m o i e n o n oate 

5 /90 . 6 / 9 0 Expense ' S S 5 2 , 5 5 0 , S 

0 Approvals IchecK highest level required! Authorized expenditure limit table No.- 1 2 3 - 1 

2 -A 
E i t c u i . v e v-ce P r r s i a e n ; - - 3 J l e 

- n i / O G Q Doie 

W 
Pn»S'ai*r i -A ft Cw r . i t e 

• 

/ •C f Pr»S>C»*nt-A O G C Dal*? 

• 1 

Cnf l i r r r an c" TP*> Bu. i to Dare 

• 

' i r n . o i v .ce Pr i -s ioer. t -A 0 C C Dale Boaro o ' 0 " e c t o n 2 * \ e 

m 

i f Z U SHU ARCO Oil and Gas Company is a Division ol AtlanticRichlieldCompany 



Authorization for Expenditure 
Page ^ ol 

T.iie AFE No 

1 
Component 
AFE No.(s) 

Description and justification Gen/Sub 
Account codes 

Gross Amounts—In whole dollars only 1 
Component 
AFE No.(s) 

Description and justification Gen/Sub 
Account codes On hand 1 Capital ! Expense | Total 

G-24 Workove r ! 4 4 , 7 0 0 4 4 , 7 0 0 

F-27 Workove r 4 4 , 7 0 0 4 4 , 7 0 0 

F -31 Workove r 5 3 , 7 0 0 5 3 , 7 0 0 

1 
[ 

1 -
i 1 

! 1 
\ i 

; i 
i 
i 

i 
! 

Note: Include any amounts shown on this page in totals on reverse side 

Oil only: 
defers to a well drilled where primary obiective is oil only or oil and casinghead gas 

Definition ol primary Gas only: 
obiective ol drilling. Refers to a well drilled where primary obiective is gas only or gas and condensate. 

Oil and/or gas: 
Refers to drilling in areas where primary obiective is dual or uncertain. 

Develop reserves: 
Appnes to wells drilled to develop new or aooitional proved reserves and attendant productive capacity All exploratory wells plus 
development wens that meel the above criteria, tall in tms classification 
Rale: 
Applies to weils drilled to accelerate the production ol existing proved reserves 
Combination reserves and rates: 
Applies to wens wnose economic justification is partially based on additional reserves lo be oeveiooeo witn attendant productive capacity 
added and partially cased on tne accelerated recovery ot existing oevelopeo proved reserves For this classilicalion. 

Delinilion ol reason snow the percent ol the economic justification whicn is applicable to the rate portion ol the wen 
lor drilling. Secondary recovery: 

Applies to wens Drilled m connection with a secondary recovery oroiect These may be mlill wens, wells onlled to I'll out flood patterns. 
or wens drilled lo replace producers converted to iniection or supply service 
Replacement; 
Appnes to wens drilled to replace wells that have ceased to proouce 
Service: 
Appnes to wells drilled lor the purpose ol suopomng procuci.on in an existing field such as gas. water, steam and air injection: salt water 
Cisoosai water supply for injection, ooservation. ano mict ion fcr m-situ comDustion. etc 
Tertiary recovery: 
Recovery tertiary reserves 



ARCO Oil & Gas Internal Correspondence 

Date: May 18, 1990 

Subject: Empire Abo Unit Lowering Perforations 
Gas Injection Well Nos. F-27, F-31 and G-24 
Eddy Co., New Mexico 

From/Location: G. B. Smallwood MIO-723 

Telephone: 688-5359 

To/Location: J. A. Nicholson MIO-531 

We recommend approval of the attached AFE for workover of the three subject gas injertjon. 
wells in the Empire Abo Unit. AOGC operates the unit with a 36.7% working interest and a 
31.6% oil NRI, 24.3% gas NRI and 8.07% NGL NRI. The total gross estimated cost of the three 
well perforating and squeezing program is $143M with a net cost to ARCO of $52.5M. 

In 1984, Schumbera and Staggs completed the Empire Abo Unit Performance Projection. The 
projection emphasized the future of NGL performance to the unit. Two of the key findings of 
this projection were: 

1. Half to three-quarters of the amount of each NGL component remaining in the year 
1981 resides in the residual oil in the gas cap. 

2. Most future NGL recovery can be attributed to contacting of residual oil with lean 
gas. Sweep efficiency will have an important effect. 

Incremental reserves for this project are based on a comparison of the average NGL content of 
the entire Unit's produced gas(3.86 gal/mcf) with that of the target injection area. The target 
area has a NGL content of 5.25 gal/mcf. It was assumed that by moving injection gas to the area 
of higher NGL's that liquids would be recovered at the same rate as predicted for the field but at 
the higher starting point of 5.25 gal/mcf. We assumed that 3 MMCFPD per well would contact 
NGL's in the target area. The NGL's are recovered at the incremental rate of 1.315 gal/mcf. 
The rate reflects the plant's 93% overall recovery efficiency. These numbers are considered 
somewhat conservative since each injection well is likely to inject as much as 6 MMCFPD. 

A review of the field's injection wells indicated that 45% of all injection gas had entered only 3 
of the 16 gas injection wells, implying the obvious need to redistribute injection gas. 
Lowering the perforations in the three subject wells is consistent with our plan to redistribute 
gas and improve sweep efficiencies. We have attached a simple illustration showing the concept 
of improved sweep and NGL recovery as Figure 1B. 



2 

J. A. Nicholson, MIO-531 
April 30, 1990 
Page 2 

We have reviewed the cosl estimates to kill and squeeze the subject wells with the drilling 
department. We were concerned that it might be extra troublesome to kill these wells. They 
have been on gas injection for a long time and it seemed likely they would drink a lot of fluid. It 
appears there are sufficient funds to cover such a case. In addition we agreed to move the 
completion packer above the old perforations and run tailpipe below them. See the attached 
wellbore schematics. This should assure future mechanical integrity tests and help protect the 
squeeze job from matrix acid treatments of the new perforations. 

The workover of Well F-27 and G-24 includes squeezing existing perforations and perforating 
deeper. The workover of Well F-31 includes squeezing existing perforations, drilling out a 
CIBP and repairing a highly probable casing leak. 

We recommend approval of the three proposed workovers. 

Gary B. Smallwood 
Sr. Engineer 

ARCO 01 ft Gaa Is a subatdia/y <* Atlantic Rtchlwld Compan' 
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Empire Abo Unit F-27 GIW 

SUBJECT: PRESENT STATUS BY: D.C. SKETCHES 

PBD: 5941' 
TD: 6108' 

DATUM: RKB(l l ' ) JV 

8-5/8" 28# J55 Surf CSG 
set 8 1003'. CMTD w/ 450 sx. 
TOC: SURF 

184 j t s 2-3/8" 4.7# 8RDEOE 
J55 IPC TBG Btm'd @ 5790' 

ER Receptacle * / 1.81" R P r o f i l e 
Baiter 5-1/2" Lok Set PKR 6 5790' 
1 j t 2-3/8" 4.7# 8RDEUE J55 IPC TBG 

Open Abo Perfs 5884,86,88,93,95, 
5905,07,09,11,13,18,4 20 (12 holes) 

CR set g 5941' 

Squeezed Abo Perfs 

5980-90' (20 holes) $ 6041-68' (15 holes) 
Squeezed w/ 150 sx cmt 

5-1/2" 15.5# J55 Prod CSG 
set @ 6108'. CMTD w/ 170 units & 
150 sx. TOC: Surf 



Empire Abo Unil F-27 GIW 
Proposed Status 

0mm 
{ f t,, 

8-5/8" 28# J55@1003\ 
Cmt. w/450 sx 

2-3/8" 4.7# EUE 
J55 IPC 

ER Receptacle w/1.81" R Profile 
Baker 5-1/2" Lok set wth 
1 Jt. 2-3/8" 4.7# EUE J55 IPC Tbg. 

Squeezed Abo Perfs 5884'-5920' 
12 holes. 

Proposed Abo perfs. 6030'-55' (50 holes) 

5-1/2" 15.5# J55@6108*. 
PBD= 6070' 
TD= 6108' 



Empire Abo Unit F-31 GIW 

SUBJECT: PRESENT STATUS BY: D.C. BRETCBES 

PBD: 6050' 
TD: 6175' 

i ' > ' t, i 
^*x< » y.'.-yi 

DATUM: GL JV 
yr 

8-5/8" 23# SW SJ Surf CSG 
set @ 1000'. CMTD w/ 650 sx. 
TOC: SURF 

Squeeze perfs @ 1248' 

184 j t s 2-3/8" 4.7# 8RDEUE 
J55 IPC TBG Btm'd @ 5753' 

Guiberson H- l Hydraulic Holddown Anchor 
Guiberson KVL-30 Production Packer 
set 9 5753' 

Open Abo Perfs 5828,34,40,50,55, 
60,69,76,81, 6 87 (10 holes) 

CIBP set 8 6050' 

I so la ted Abo Perfs 
6107-34' (54 holes) 

4 - 1 / 2 " 9.5# & 11.6# J55 P r o d CSG 
s e t @ 6 1 7 5 ' . CMTD w/ 800 s x 
TOC: S u r f 



Empire Abo Unit F-31GIW 
Proposed Status 

i *• > fo-ws 

w "MA 

f *\*A 
v 3 V * 

r; v 8-5/8" 23 ppf, SW, SJ @ 1000' 
Cmt. w/650 sx 

Squeeze perfs. @ 1248' 

2-3/8" 4.7# EUE 
J55 IPC 

Baker FL on/off w/1.81" R Profile 
Baker 5-1/2" Lok set with 
1 |t. 2-3/8" 4.7# EUE J55 IPC Tbg. 

Squeezed Abo Perfs 5828'-87' 
10 holes. 

Proposed Abo perfs. 6107-34' (54 holes) 

4-1/2" 9.5 & 11.6 ppf, J-55 @ 6175' 
PBD= 6157' 
TD= 6175' 



Empire Abo Unit G-24 

SUBJECT: PRESENT STATUS BY: D.C. SKETCHES 

PBD: 5952' 
TD: 6106' 

DATUM: GL JV 
yr 

8-5/8" 28# J55 Surf CSG 
set @ 750'. CMTD w/ 250 sx. 

TOC: SURF 

186 j t s 2-3/8" 4.7# 8RDEDE 
J55 IPC TBG Btm'd @ 5787' 

ER Receptacle w/ 1.81" R P r o f i l e 
BaJcer 5-1/2" Lo)c Set PKR 8 5787' 
1 j t 2-3/8" 4.7# 8RDEUE J55 IPC TBG 

Open Abo Perfs 
5862-83' (22 holes) 

Top of f i l l on CR 8 5952' 

5-1/2" CR set 8 5960 
Orig ina l Abo Perfs 
6024-44' (40 holes) 
Squeezed w/ 175 sx cmt 

5 - 1 / 2 " 15 .5# J55 P r o d CSG 
s e t 6 6 1 0 4 ' . CMTD w/ 1100 s x 
TOC: 1000' - Calculated 



Empire Abo Unit G-24 GIW 
Proposed Status 

Z. 

F 

8-5/8" 28# J55 <§> 750*. 
Cmt. W7 250 SX 

2-3/8" 4.7# EUE 
J55 IPC 

ER Receptacle w/1.81" R Profile 
Baker 5-1 /2"Lok set wth 
1 Jt. 2-3/8" 4.7# EUE J55 IPC Tbg. 

Squeezed Abo Perfs 5862'-83' 
(22 holes). 

Proposed Abo perfs. 6O24'-50' (52 holes) 

5-1/2" 15.5#J55<3» 6104'. TOC <§> 1000' Calc. 
PBD= 6068' 
TD= 6106* 
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