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EXECUTIVE SUMMARY 

Between 1859 and 1990 approximately 3.3 million wells for oil and gas exploration and 

production were drilled in the U.S., of which nearly 2.4 million have been shut-in, temporarily abandoned, 

or plugged and abandoned (World Oil, 1992). Several major petroleum basins in the country contain large 

populations of these wells. Because drilling, completion, and abandonment practices for wells have 

evolved over the years, older wells that were found to be unproductive (or dry), or which had to be 

permanently shut-in for mechanical problems or economic reasons, may not have been adequately 

plugged according to modem standards or regulations. In some instances, upward movement of saltwater 

in such abandoned wells may pose a risk of contamination to underground sources of drinking water 

(USDWs). 

Three main conditions must exist for contamination of a USDW to occur by fluid migration from 

an oil and gas production zone or a waste disposal zone: (1) presence of a USDW overlying the zorie; 

(2) presence of unplugged or inadequately plugged abandoned wells (or natural geologic pathways) that 

penetrate both a production or disposal zone and a USDW; and (3) an upward-directed hydraulic gradient 

between the zone of interest and the USDW. The first condition exists in many of the petroleum-producing 

areas in the U.S. However, the second and third conditions may or may not occur. In particular, the third 

condition depends in part upon the changes in pressure due to fluid withdrawal and injection associated 

with enhanced recovery or salt-water disposal (Class II wells). 

Proposed changes to the U.S. Environmental Protection Agency's Underground Injection Control 

program would require calculating an area of review (AOR) around each Class Il well and assessing the 

mechanical integrity of abandoned wells within that area. A screening methodology to prioritize AOR 

studies can allow operators and regulatory agencies to identify areas where natural hydraulic conditions 

may be conducive to brine migration. The Bureau of Economic Geology (BEG) has developed such a 

methodology that uses primarily computerized data bases and computer mapping software in a three-step 

process. First, bottomhole and surface tubing pressure data from oil and gas reservoirs are converted to 

hydraulic heads. Second, average, regional potentiometric surf aces are generated for aquifers and 
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reservoirs. Third, differences in hydraulic heads between aquifers and reservoirs are calculated to 

regionally delineate residual areas of upward (positive) or downward (negative) hydraulic gradients. 

Locations of abandoned wells and Oass Il injection wells can be plotted relative to residuals to examine 

where watert1ooding, pressure maintenance, and salt-water disposal may cause or exacerbate the potential 

for upward flow. 

State and Federal agencies were surveyed regarding the availability of data on petroleum 

production and on injection for enhanced oil recovery, salt-water disposal, and storage. The results of this 

survey indicate that most reservoir and injection data are maintained on paper rather than in digital 

fonnat, rendering mapping of data at a regional scale difficult On the basis of this survey, we selected the 

San Juan Basin in New Mexico and Colorado, the greater Permian Basin in Texas and New Mexico, and 

the South Texas Basin as case studies to test the hydraulic screening methodology. Digital data on reservoir 

p~ures and the locations of abandoned wells were obtained from national data bases maintained by 

Petroleum Information, Inc. (Pn. For the Texas study areas, reservoir pressure data from PI were 

supplemented using data bases available at the BEG. USDW data and data on Oass II injection were 

obtained from various State and Federal agencies. Forpurposes of economy and ease of data manipulation, 

the data obtained from PI consisted of ten~year averages of pressure measurements per reservoir and 

counts of abandoned wells at a 0.1 ° latitude x 0.1 ° longitude scale. Because of a lack of data on initial 

fonnation pressures, the highest available values were taken as representative of pre-production 

conditions. 

In the San Juan Basin, the sparseness of mappable reservoir pressure data from PI led to the 

construction of acomposite,computer-generated potentiometric surfacefortheoiland gas reservoirs. This 

surface primarily overlaps USDW aquifers in Tertiary fonnations in the center of the basin and, to a lesser 

extent, USDW aquifers in older formations at the margins of the basin, so that some mapped areas of 

upward hydraulic gradient are poorly constrained spatially. Some positive residuals approximately 

coincide with areas of upward hydraulic gradients reported by other authors, such as along the San Juan 

River. Pre-production hydraulic gradients appear to be directed downward where abandoned wells are 

most numerous. 
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In comparison, reservoirs were divided by age and by depth into four hydrostratigraphic units each 

in the greater Permian and South Texas Basins, for which reservoir pressure data are more numerous. In 

the greater Permian Basin, positive residuals in the Pecos River valley and along the Eastern Shelf may 

reflect natural discharge of basinal brines, although positive residuals in the eastern Delaware Basin, 

Central Basin Platform, and western Midland Basin contradict downward gradients mapped by other 

authors. In the South Texas Basin, the density of abandoned wells is greatest where positive residuals are 

concentrated. Positive residuals in the South Texas Basin appear to result from natural geopressuring in 

formations deeper than 6,000 ft (1,800 m), which are negligibly affected by Class II injection wells. 

However, given the sparseness of bottomhole pressure measurements, the linkage of mapped positive 

residual areas with natural hydraulic phenomena or Class II injection in the three basins is speculative. 

Focusing on abandoned wells within positive residuals as a ''first cut'' reduces the approximate 

number of abandoned wells for primary examination from 6,104 to 1,000 in the San Juan Basin.from 

395,176 to 80,185 in the greater Permian Basin, and from 77,050 to 21,145 in the South Texas Basin. 

These numbers are reduced further when other factors such as age and distance from Class II wells are 

taken into account However, in this study, those factors have only been examined in a limited fashion, 

and other risk factors such as wellboreconditions, depth, and completion and abandonmentpractices have 

not been evaluated. Moreover, plotting the centroids of 0.1 °x0.1° cells containing abandoned wells, rather 

than the actual locations of such wells, permits only a semi-quantitative assessment of the numbers of wells 

potentially at risk. The use of positive residuals is insufficient for screening in instances where Class II 

injection reverses a downward hydraulic. gradient Nonetheless, the method is useful in providing a 

regional screen to identify areas where natural hydraulic. conditions favor upward brine migration. 
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INIRODUCTION 

Between 1859 and 1990 approximately 3.3. million wells for oil and gas exploration and 

production were drilled in the U.S.~ of which nearly 2.4 million have been shut-in, temporarily abandoned, 

or plugged and abandoned (World Oil, 1992). Several major petroleum basins in the country contain large 

populations of these wells. Because drilling, completion, and abandonment practices for wells have 

evolved over the years, older wells that were found to be unproductive (or dry), or which had to be 

·pennanently shut-in for mechanical problems or economic reasons, ·may not have been adequately 

plugged according to modem standards or regulations. In some instances, such abandoned wells may pose 

a risk of contamination to underground sources of drinking water (USDWs). 

Three main conditions must exist for contamination of a USDW to occur by fluid migration from 

an oil and gas production zone or a waste disposal zone: (1) presence of a USDW overlying the zone; 

(2) presence of unplugged or inadequately plugged abandoned wells (or natural geologic pathways) that 

penetrate both a production or disposal zone and a USDW; and (3) an upward-directed hydraulic gradient 

between the zone of interest and the USDW. The first condition exists in many of the petroleum-producing 

areas in the U.S. However, the second and third conditions may or may not occur. In particular, the third 

condition depends in part upon the changes in pressure due to (l)fluid withdrawal and (2) fluid injection 

associated with enhanced oil recovery or salt-water disposal (C~ II wells). 

The potential for ground-water contamination varies with the type of Class II well. Two types of 

injection wells are used for enhanced oil recovery (EOR): watertlooding wells, in which oil is physically 

swept toward producing wells,. and pressure maintenance wells. Both types of wells are used in mature 

fields where original field pressures may have been significantly depleted because of production. The 

presence of adjacent producing wells limits the magnitude and areal extent of repressurization around the 

injectors. In contrast, because salt-water disposal (SWD) wells are not used to increase oil production, 

brine may not always be injected into depressurized producing reservoirs. Initial fluid pressures in the 

disposal reservoirs may be hydrostatic,. leading to overpressured conditions and upward fluid flow 

potentials. 
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This report examines the hydraulic conditions under which abandoned oil and gas wellbores 

proximal to Class II wells may become conduits for the migration of brines into overlying USDW s. 

Proposed changes to the U.S. Environmental Protection Agency's (EPA) Underground Injection Control 

(UIC) program would require calculating an area of review (AOR) around each Class II injection well and 

assessing the mechanical integrity of abandoned wells within that area (Smith and Browning, 1993). This 

report describes and evaluates in case studies a screening methodology that can help operators and 

regulatory agencies to prioritize AORstudies by identifying areas where natural hydraulic conditions may 

favor brine migration. 

In this study, the screening methodology uses primarily computeriz.ed data bases and computer 

mapping software in a three-step process. Frrst, bottomhole pressure and surface tubing pressure data from 

oil and gas reservoirs are converted to hydraulic heads. Second, average, regional potentiometric surfaces 

are generated for aquifers and reservoirs. Third, differences in hydraulic heads between aquifers and 

reservoirs are calculated to delineate regional residual areas of upward (positive) or downward (negative) 

hydraulic gradients. Locations of abandoned wells and Class II injection wells can be plotted relative to 

residuals to examine where waterflooding, pressure maintenance, and salt-water disposal may cause or 

build on the positive residuals, exacerbating the potential for upward flow. The methodology is useful in 

manipulating thousands of measurements to identify and prioritize areas for further evaluation either at 

a local scale or on the basis of other criteria not examined here. Such criteria, which are necessary for a 

complete detennination of the risk of contamination, include the mechanical integrity of wells; the 

presence of cement plugs, mud, orwellbore fluids; the mechanical competence of intervening formations; 

and the presence of intervening nonproductive zones that might draw water from both USDW and 

hydrocarbon-producing zones. 

Three petroleum-producing regions were used in case studies for testing the method: the South 

Texas Basin, the greater Permian Basin in Texas and New Mexico, and the San Juan Basin in New Mexico 

and Colorado (fig. 1). The South Texas Basin is infonnally defined to include the Maverick Basin, part 

of the Rio Grande Embayment, and the Austin Chalk Trend. The greater Permian Basin is infonnally 

defined to include the Central Basin Platfonn, the Northwestern, Southern, and Eastern Shelves, and the 
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Figure 1. Outlines of study areas; dots indicate locations of individual oil and gas reservoirs. 

Delaware, Midland, Val Verde, Hardeman, and Fort Worth Basins. These basins were selected because 

oil, gas, and ground-water data were available in digital as well as ''hard-copy': format, thus making 

graphical manipulation of thousands of measurements feasible. 

The following section outlines the fundamentals of the methodology: (1) data acquisition, review, 

and processing, including mapping and comparison of hydraulic head in oil- and gas-bearing zones and 

in USDWs, (2) determination of abandoned well distributions, and (3) analysis of pressure changes 

resulting from injection or disposal operations, including calculation of the area of review exposed to 

Class II injection wells. 
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METIIODS 

Data Acquisition, Review, and Processing 

The potential for contamination of USDW s through abandoned oil and gas wells is based on the 

principle that fluid flows from areas of higher to lower hydraulic head (higher to lower potential energy) 

(Freez.e and Cherry, 1979, p. 18-26). As depicted in figure 2, hydraulic head at any point in a porous 

medium is equal to the sum of the elevation head and the pressure head at that point: 

h= Z+'lf (1) 

where h is hydraulic head (elevation of water column, in ft relative to sea level), z is elevation head 

(elevation of stratum, in ft relative to sea level), and 'I' (pressure head, in ft)= p / y, where pis fluid pressure 

(psi) and yis specific weight of the fluid (psi/ft). A pressure value at a given point in a reservoir will yield 

different head values for fluids of different density. Fresh water has a specific weight of 0.433 psi/ft, 

whereasaNa-Clbrinecontaining 104,000ppm(l12,000mg/L)total~lvedsolids('IDS)hasaspecific 

weight of0.465 psi/ft (Weast, 1980, p. D-262). 

In descriptive tenns, hydraulic head is the elevation to which a column of formation fluid 

(equivalent column of ground water) would rise by the force of fluid pressure in a tube connected to the 

formation and open to the atmosphere (asin a well). If the formation is confined ( overlain by less permeable 

strata), the fluid might rise in a well above the top of the formation. The potentiometric surface of a 

formation is a plan-view representation of all hydraulic heads measured in differentwells penetrating that 

formation. The surface is based on the assumption that hydraulic head does not vary vertically within the 

formation and commonly is used to infer probable direction of lateral fluid flow. 

Figures 3 and 4 illustrate scenarios of downward- and upward-directed fluid flow, respectively. 

TheunconfinedUSDWaquiferinbothinstancesisisolatedfromanunderlyinghydrocarbon-bearingzone 

and/or target water injection zone by an intervening confining unit In figure 3 the potentiometric surface 

of the hydrocarbon-bearing zone is lower than the potentiometric surface of the USDW unit, which can 
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Figure 2. Schematic representation of hydraulic head (h), pressure head ('¥), and potentio­
metric surface. 

cause migration of fresh ground water downward through an improperly-plugged abandoned borehole 

toward the lower hydrocarbon-producing zone. Titls scenario is reversed in figure 4, where the higher 

potentiometric surface of the hydrocarbon zone could cause fluid to fl.ow upward through an improperly­

plugged abandoned borehole into the overlying USDW. However, contamination of a USDW by fluids 

from an oil and gas reservoir can occur only where (1) the hydraulic head of the fluid in the oil and gas 

reservoir is higher than the hydraulic head of the water in the USDW (assuming that both have been 

penetrated by the abandoned wellbore) and (2) the wellbore conditions and the intervening strata provide 

an open pathway for flow. 
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Figure 3. Schematic representation of downward flow from USDW to underlying 
hydrocarbon-producing zone through inadequately plugged wells. 

The key to geologically characterizing areas where potentials exist regionally for contamination 

of USDW s from abandoned wells is the acquisition and review of reservoir pressure data. Most of the 

reservoir data used in this study were obtained from the national Well History Control System (WHCS) 

and Petroleum Data System (PDS) data bases (Petroleum Infonnation, Inc. [Pl], unpublished data, 1989). 

Additional pressure data for the greater Permian Basin and the South Texas Basin were extracted from 

other data bases (U.S. Department of Energy, Bartlesville Project Office, unpublished data, 1989; 

Dwight's Energydata, Inc., unpublished data, 1990; Garrett and others, 1991; Holtz and others, 1991) and 

combined with the PI data. Hydraulic-head measurements for USDWs were obtained from the U.S. 

Geological Survey .(USGS}(for New Mexico and Colorado) and the Texas Water Development Board 

(IWDB). 
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Figure 4. Schematic representation of upward Dow from underlying hydrocarbon-producing 
zone to USDW through inadequately plugged wells. 

Because of the regional scope of the case studies, each resezvoir was represented by a single 

pressure value. For purposes of economy and ease of data manipulation, the data obtained from PI 

consisted of ten-year averages of pressure measurements per resezvoir. We selected the maximum 

averaged pressure reported for each reservoir on the assumption that maximum values represent 

''pre-development'' conditions. The Code of Federal Regulations (CFR) specifies that hydraulic-head 

buildup due to Class Il injection shall be calculated relative to "pre-development'' hydraulic head in 

AOR calculations (40 CFR §146.6) (U.S. Office of the Federal Register, 1987). The assumption of 

"pre-development'' conditions can be assessed by examining pressure-depth profiles of oil and gas 

resezvoirs. For undeveloped resezvoirs in which fluid flow is predominantly horizontal (hydrostatic 

conditions), bottomhole pressure (BHP) ideally increases with depth along a straight line whose slope is 
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equal to the specific weight of the fluid. Where production has depressurized a reservoir, the pressure 

measurements are subhydrostatic, falling below the line. 

For these studies, BHP data from oil and gas production zones and enhanced recovery and 

saltwater disposal injection wells were converted to hydraulic head for comparison to hydraulic head in 

USDW s. In some instances, prior to calculating values of reservoir hydraulic head, it was necessary 

to calculate BHPs from shut-in tubing pressures (SITPs) measured at land surface according to the 

formula 

BHP (psi)= [depth (ft) x gradient (psi/ft)] + SITP (psi) (2) 

where the gradient represents an empirical extrapolation between SITPs and BHPs. To determine 

gradients, reservoirs in the PI data base were matched to reservoirs in other data base(s) containing both 

the surface and bottomhole pressures. If the surface shut-in pressures were found comparable in the two 

data bases, then an average fluid gradient was computed from the other data base(s) and applied to the PI 

data for determining the bottomhole pressure. Although rigorous calculations ofBHPsfrom SITPs require 

information on fluid-phase segregation in tubing, the empirical conversion factors were workable 

substitutes. 

Maps of hydraulic head (potentiometric surfaces) in oil and gas reservoirs (combined) and in 

individual USDW s were contoured utilizing the graphical software package CPS-1 (Radian Corporation, 

1979) installed on a VAX 11/780 mainframe computer. Although execution time is likely to be faster on 

a mainframe, mapping programs (including another version of CPS) are available for personal computers. 

Optimal values of mapping parameters such as the search radius and the grid spacing (Jones and others, 

1986) were determined by trial and error for each study area, based upon how well the maps generated 

using various values of parameters honored the input data. 

The potentiometric surface of each aquifer was subtracted from that of each oil- and gas-producing 

horizon, again using the CPS-1 software program. The residual difference in hydraulic head between each 

pair of surfaces was then contoured. On each residual (or head-difference) map, negative residuals are 
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defined where the hydraulic head in the oil and gas horizon is lower than in the aquifer, whereas positive 

residuals occur where the hydraulic head in the oil and gas zone is higher than in the aquifer. The residual 

maps thus provide a qualitative regional indication of where USDWs may be at risk of contamination by 

poorly-plugged or unplugged wells. However, these maps do not indicate areas where Class II injection 

may reverse an initially downward-directed hydraulic gradient or areas where initially positive residuals 

have been changed to negative residuals by oil and gas production. 

Estimates of Abandoned Wells 

Abandoned well totals were mapped at a 0.1 ° latitude x 0.1 ° longitude scale on the basis of ratios 

relative to total wells drilled. Two sources of infonnation were combined to determine the number and 

distribution of plugged and abandoned wells in the study areas. The first was a listing of dry new-field 

wildcat wells compiled by PI at a 0.1 ° x 0.1 ° scale forpwposes of economy. The second dataset, compiled 

by Gruy Engineering Corp. ( 1989, their table 1), consisted of the total number of abandoned wells for each 

basin within each state. This total included infield dry holes, plugged and abandoned producers, dry 

new-field/pool extension wells, and dry new-field wildcats. Gruy calculated the number of currently 

producing oil and gas wells for various basins in each state on the basis of annual reports of state regulatory 

agencies and 1987 statistical review of industry (World Oil, 1988). Gruy then obtained the number of 

abandoned wells in each state by subtracting the number of currently producing wells from the total 

number of wells in each state reported by the Independent Petroleum Association of America (1987). 

Finally, the number of abandoned wells was estimated for the various basins within each state in direct 

proportion to the number of producing wells within each basin. 

The data from PI and Gruy Engineering Corp. (1989) were used to estimate totals of abandoned 

wells at a 0.1 ° x 0.1 ° scale using one procedure for the San Juan Basin and another for the greater Pennian 

and South Texas Basins. For the San Juan Basin, the numbers of abandoned oil and gas wells other than 

dry new-field wildcats were estimated separately and then totaled. For each type of well ( oil and gas), we 

divided the sum of abandoned producers and infield dry holes in the New Mexico portion (the largest 
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portion) of the basin (from Gruy' s table 1) by the total number of active and shut-in wells for the New 

Mexico and Colorado portions of the basin provided by Pl The ratios thus obtained (0.31 for oil, 0.11 for 

gas) were then multiplied by the number of active oil and gas wells in each 0.1 ° x 0.1 ° cell. 

For the greater Permian and South Texas Basins, the data from Gruy' s table 1 were used to 

calculate: 

• the ratio of abandoned producers to the total number of oil and gas producers; 

• the ratio of dry infield wells to the total number of producers; 

• the ratio of other dry wells (including dry wildcats) to the total number of producers; and 

• the ratio of other dry wells to the total plugged and abandoned well count. 

Because the studies of the greater Permian and South Texas Basins were conducted later than the study 

of the San Juan Basin, published industry trends (W odd Oil, 1989, 1990) were used to update the number 

of oil and gas producers as of the end of 1989. The updated number of producers was then used with the 

ratios derived from Gruy' s table 1 to update totals of abandoned producers, infield dry wells, and other 

dry oil and gas wells. Lastly, the ratio of other dry wells to the total abandoned well count was updated 

and used with the PI dataset of dry wildcats to estimate the distribution of all abandoned wells at a 

0.1 ° x 0.1 ° scale. 

Using ratios of different categories of wells at a basinal scale to estimate the distribution of all 

abandoned wells at a subbasinal (0.1 ° x 0.1 °) scale is likely to overestimate the number of abandoned 

wells in some areas and underestimate that number in others. In areas of limited exploration, the total 

population of abandoned wells may consist largely of dry wildcats, so that using the basin-wide ratio of 

other dry wells (dry wildcats) to all abandoned wells may overestimate the number of abandoned non- · 

wildcats. Conversely, in areas in which production is concentrated, the ratio of other dry wells to all 

abandoned wells may be less than the ratio for the basin as a whole, leading to underestimates of the number 

of abandoned non-wildcats. However, for intensively explored basins, a reasonable estimate is probably 

obtained. 
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Quantifying the Effects of Injection and Disposal 

The final part of the process of determining the hydraulic potential for contamination of USDW s 

was to present examples of areas where increases in fonnation pressure (and corresponding increases in 

hydraulic head) due to enhanced recovery injection or salt-water disposal could result in upward hydraulic 

gradients. Hydraulic head buildup for selected injection and disposal wells was calculated, based on 

injection rate, reservoir properties, and injection time, by means of the approximate solution to the Theis 

(1935) equation derived by Cooper and Jacob (1946): 

~ = (264 x QI T) x log [0.3 x T x t / (r2 x S)] (3) 

where~ = hydraulic head change (height of cone of impression)[ft] 
at radius r and time t 

Q = injection rate [gpm] (gallons per minute, calculated from injection reports) 
T = transmissivity [gpd/ft] (gallons per day per ft,from reservoir properties) 
S = storativity ( or storage coefficient) [ dimensionless] 

(from reservoir and injected fluid properties) 
t = time since injection began [ days] 
r = radial distance from wellbore to point of interest ·[ft] 

This solution is valid where the ratio (r2 x S)/(4x Tx t) < 0.01. The hydraulic head buildup was added to 

the elevation of the computer-generatedpotentiometric surface (''natural" hydraulic head)· of the ·oil and 

gas reservoirs at the location of each injection or disposal well to anive at a total head value which was 

then compared to the head values in overlying USDWs. 

The hydraulic head buildup can also be viewed in tenns of theAOR, which is defined as the area 

SU1TOunding an enhanced-recovery injection or salt-water disposal well in which. there is a pressure 

increasesufficienttocausemigrationofnativeorinjectedfluidsintoaUSDW. TheAORisalsosometimes 

referred to as an area of endangering influence, as opposed to the area of influence, within which there is 

any pressure increase due to injection. The buildup of hydraulic head around an injection well can be 

represented by a cone of impression (fig. 5), whose position relative to the potentiometric surface of the 
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Figure S. Schematic representation of the cone of impr~ion around an injection well and its 
influence on the radius (r) of the area of review; Ahn= ''natural" (pre-injection) head difference 
between injection zone and USDW; Alli= head buildup due to injection (after Engineering 
Enterprises, Inc., 1988, fig. 3-1). 
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USDW detennines the radius of thecalculatedAOR (rineq. 3). In instances where the cone of impression 

is entirely below the USDW potentiometric surface, no upward flow can occur. If the pre-injection 

hydraulic head differential between the zone of injection and the overlying USDW is initially negative 

( downward-directed), the calculated AOR around that injection well is the area within which the head 

buildup is greater than the pre-injection differential. If the pre-injection differential is initially positive 

(upward-directed), the entire cone of impression represents the area of influence of the injection well. 

Appendix I summarizes the procedures described in the Code of Federal Regulations (U.S. Office of the 

Federal Register, 1987) for determining the AOR 

NATIONWIDE SURVEY OF DATA AVAILABILITY 

Objective and Approach 

The oil and gas industry in the U.S. operates more than 177,000 Class II wells, of which 

approximately 78 percent are used for EOR and approximately 22 percent are used for SWD (Daly and 

Mesing, 1993). As of 1986, 60 million barrels (bbl) of water were injected per day into subsurface 

fonnations in 39 geologic basins in 31 states (Michie & Associates, 1988). The industry also injects other 

types of fluids for enhanced recovery (natural gas, CO2, air, polymers, and other chemicals), in many 

cases through wells that are also used for water injection. Non-water injection was excluded from this 

study because the total volume is much less than the volume of water injection and because the data are 

not as readily obtainable. The numbers of abandoned wells by state and by petroleum basin are compiled 

in tables 1 and 2 and illustrated in figures 6 and 7. In 1987, 21 states had programs administered directly 

by a state agency (primacy states), while the remaining states had UIC programs administered by EPA 

(direct-implementation states) (U.S. General Accounting Office, 1989, their table 1.1). Since 1987, 

Mississippi has also become a primacy state. 

Various state agencies and EPA regional offices were queried to verify the extent of oil and gas 

activity and to determine the types and formats of available reservoir, injection, and disposal data. The 
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Table 1. Estimated numbers of abandoned wells by state, onshore U.S.A. 

Aband. Water Oil Gas Water Water Sall-Water Acres per 

Wells Oil Gas Injection SWD Produced Produced Produced Injected Disposed Area Aband. Well 

State 111 Wells[2) Wells[2) Wella[2,3j Wells[2) !mbdU4) jmmcfdl[4) jmbdl[41 !mbdl[4j jmbd)l4) !m acresl(5] jratio)l6J 

Texas 610204 200055 46080 36117 15532 2229.1 15516 25198.9 19225.8 5973.0 16500 27 

Pennsylvania 279892 24000 24000 4315 1868 10.4 412 155.5 93.3 62.2 3047 11 

Oklahoma 261431 103000 24500 14895 7897 408.5 5282 7753.0 7054.0 699.0 7161 27 

Kansas 177355 49906 12057 9366 5536 183.7 1274 2357.6 943.0 1411.6 6633 37 

Louisiana 135734 26418 14436 1275 3149 498.0 5066 3984.0 400.0 2160.0 3789 28 

Ohio 100042 29659 32721 127 3829 36.8 499 40.0 4.6 28.6 3328 33 

Illinois 98528 31100 190 12631 1917 74.6 4 3135.1 2978.3 156.8 880 9 

California 86417 54629 1546 14825 641 1037.1 1141 7244.7 4816.4 1507.3 427 5 

Kentucky 70235 21844 9515 5311 106 17.7 200 212.9 134.1 78.8 1210 17 

Weal Virginia 64175 15895 32500 687 74 8.6 397 25.8 18.1 7.8 7807 122 

Indiana 57336 7164 1220 2919 386 13.0 1 547.6 520.2 27.4 438 8 

Wyoming 38247 15122 2161 5257 679 334.9 1636 4520.1 1306.1 2578.7 2660 70 

Michigan 30863 5125 755 1028 627 70.4 361 197.1 128.1 69.0 650 21 

Colorado 29948 5598 4580 825 158 81.3 480 971.4 . 937.4 34.0 1556 52 

New Mexico 26563 17557 16761 3855 307 206.8 1898 936.9 777.6 159.3 3822 144 

- Arkansas 22838 9700 2550 239 979 43.3 429 860.0 171.8 688.2 1032 45 

-..J Montana 22481 4680 2023 1196 256 74.4 132 445.6 434.0 40.0 984 44 

Mississippi 20549 3732 717 304 677 82.2 570 910.1 273.0 637.0 700 34 

Nebraska 15418 1814 16 523 98 19.4 4 205.8 80.0 123.0 335 22 

North Dakota 7233 3838 98 155 252 125.1 199 217.5 77.4 182.6 643 89 

Utah 6163 3773 160 456 46 107.3 653 314.4 225.2 62.5 504 82 

New York 5553 4400 5038 3248 6 2.3 94 24.1 22.8 1.3 964 174 

Tennessee 3893 873 921 8 3 1.8 9 3.0 2.0 1.0 560 144 

Alabama 2798 861 1029 147 94 58.0 401 243.0 39.9 203.0 371 133 

Missouri 1746 300 0 450 10 0.5 0 2.0 1.9 0.1 13 7 

Alaska 1136 1191 104 327 9 1866.6 3788 473.6 1666.4 53.3 229 202 

South Dakota 904 146 42 30 11 4.4 7 8.1 1.6 0.8 36 40 

Florida 853 113 0 56 18 25.7 27 188.5 149.1 118.7 37 43 

Arizona 453 23 0 0 7 0.4 1 0.9 0 0.6 6 13 

Nevada 347 27 0 0 8 8.0 0 1.0 0 1.0 5 14 

Virginia 201 28 581 0 0 0.1 41 0.1 0 0 147 731 

TOTAL= 31 2179536 642571 236301 120572 45180 7630.4 40522 61178.2 42482.1 17066.6 66473 30 (avg.) 

Notes: 

(1) Number reported Is the sum "total dry holes" (Including Infield dry holes and wildcats) + "abd prod" (oll) + 'abd prod" (gaa), from 1987 data In Gruy (1989, table 1). 

(2) Number of wells active In 1986; data from Michie & Asaoclatee (1988, table 1). 

(3) Does not Include salt-water disposal wells. 

(4) Average dally volume (mbd - thousands of barrels per day, mmcfd - million cubic II per day); 1986 data from Michie & Associates (1988, table 1). 

(5) Producing area (In thousands of acres); 1987 data from Gruy Engineering Corp. (1989, table 1). 

(6) Number of acres (value In preceding column of this table x 1000) divided by number of abandoned wells (value In first column of data In this table). 



Table 2. F.stimated numbers of abandoned wells by basin, onshore U.S.A. 

Aband. Water Oil Gas Water Water Salt-Water Acres per 

WeHs Oil Gas Injection 9M) Produced Produced Produced Injected Disposed Area Aband. Well 

Basin 111 Wellsl2] Wellsl2] Wellsl2,3] Wellsl2] !mbdU4] !mmcfd214] !mbdU4] {mbd}l4] !mbd)l4] {m acresH5J {ralioH6] 

Appalachian 479051 80815 104527 8385 5883 64.8 1640 312.2 140.8 164.5 11975 25 

North and Central Texas Area 277421 70027 13050 11619 6086 371.3 2270 2945.7 2066.4 879.4 3682 13 

Illinois 183347 53555 1505 20861 2323 100.1 7 3832.0 3633.0 199.1 1730 11 

SedgNic.-: 123884 33252 3449 6635 3804 134.4 153 1710.9 683.2 1027.0 1627 13 

Permian 123845 74156 6442 21347 3669 1156.0 3282 17453.0 15651.0 1802.0 4794 39 

Anadarko and Dalhart 121595 46122 22216 5151 3336 176.2 5138 2648.5 2334.3 315.2 6927 57 

Sabine/Lasalle/Monroe Uplift 108500 26426 11368 1259 1504 118.7 1105 1377.0 491.8 987.2 2308 21 

Central Oklahoma Plattorm 79825 71000 9205 10278 5449 281.4 1329 5349.0 4867.0 481.0 2762 35 

South Texas Area 76273 18376 9677 2214 2301 225.1 4965 1125.6 787.9 337.7 3120 41 

Gun Coast 68349 15383 5163 732 3842 557.2 5335 5214.3 604.5 3084.0 2438 36 

San Joaquin 49322 39712 223 11908 388 738.1 481 4066.1 1937.0 1122.6 200 4 - Delaware 47695 17183 3686 2631 674 200.3 1241 400.7 360.7 40.1 1197 25 00 
East Texas Sall 46385 15904 5530 765 962 277.1 2017 2123.1 387.8 1735.3 1416 31 

Forest City 40002 13614 478 1416 571 18.9 15 248.5 100.3 147.9 381 10 

Michigan 30863 5125 755 1028 627 70.4 361 197.1 128.1 69.0 650 21 

Denver 27261 4136 3716 487 121 39.5 264 316.3 236.1 76.4 996 37 

Ventura 22331 14917 28 2919 219 299.0 183 3172.5 2879.5 378.1 95 4 

Hugoton Embayment 20558 4236 8130 2080 1229 40.3 1106 523.5 209.4 314.1 4765 232 

Powder River 18671 6192 377 2108 336 127.3 239 427.8 223.2 217.8 1192 64 

WIiiiston 15854 5246 1019 341 335 181.7 261 434.7 224.2 195.2 1030 65 

South Alberta 15019 3024 1000 73 33 12.1 67 133.0 24.0 5.2 556 37 

Sacramento 14728 0 1295 0 34 0 477 6.2 0.0 6.7 131 9 

Big Hom 13495 6875 832 3058 357 153.0 424 3864.1 1251.9 2194.8 881 65 

Mississippi Salt Dome 13260 2076 507 143 277 44.4 346 549.8 164.9 385.0 385 29 

Arkoma 8703 0 4595 0 10 0.02 663 2.0 0.0 2.0 1253 144 

San.Juan 8366 3070 13449 390 39 23.4 913 98.9 81.7 17.0 2491 391 

Paradox 5746 1550 0 364 11 27.3 110 95.0 146.3 9.2 173 30 

Findlay Arch 5084 593 654 0 3 0.7 10 0.2 0.0 0.2 665 131 

(continued on next page) 



Table 2. (continued). 

Aband. Water Oil Gas Water Water Salt-Water Acres per 

Weis OH Gas Injection &v«> Produced Produced Produced Injected Disposed Area ,\band. Well 

Basin 111 Wells[2J Wells[2J Wells[2,3J Wells[2J jmbdH4J jmmcldH4J jmbd}l4J jmbdl[4J jmbdl[4J jm acresU5) jratlo![6J 

Smackover region 4958 2262 213 337 458 109.6 434 714.6 286.0 507.8 438 88 

Piceance 4559 1131 601 393 23 37.2 118 608.0 603.1 4.9 373 82 

Canon City-Florence 4527 403 228 170 53 12.4 27 143.1 131.6 11.5 280 62 

Uinta 2891 2300 160 92 35 83.2 550 219.4 79.0 53.3 393' 136 

Black Warrior 2754 303 1026 15 47 4.3 217 32.3 4.0 28.3 262 95 

G,eenRiver 2163 1872 993 841 109 53.7 756 116.8 33.8 66.6 558 258 

Washakie 1888 472 303 197 26 9.8 226 197.5 57.1 112.7 80 42 

Beaufort SheH 594 976 0 272 8 1818.5 3001 383.2 1555.1 53.1 175 295 

South Florida 586 65 0 12 7 7.6 1 44.8 7.1 37.8 23 • 39 

Cook Inlet 557 215 104 55 1 48.1 787 90.4 111.3 0.2 54 97 

Eocene 387 27 0 0 8 7.9 0 1.0 0 1.0 6 15 

Kingman 0 0 0 0 0 0 0 0 0 0 0 0 

...... Mississippi Embayment 0 0 0 0 0 0 0 0 0 0 0 0 

\0 Ocala Uplift 0 0 0 0 0 0 0 0 0 0 0 0 

Great Basin 0 0 0 0 0 0 0 0 0 0 0 0 

Snake River Downwarp 0 0 0 0 0 0 0 0 0 0 0 0 

Georgia 0 0 0 0 0 0 0 0 0 0 0 0 

Crazy Mountain 0 0 0 0 0 0 0 0 0 0 0 0 

Central Nebraska 0 0 0 0 0 0 0 0 0 0 0 0 

Rio Grande Rift 0 0 0 0 0 0 0 0 0 0 0 0 

WIiiamette Downwarp 0 0 0 0 0 0 0 0 0 0 0 0 

Olympic Uplift 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL= 50 2179515 642571 236302 120574 45178 7630.9 40519 61178.8 42483.1 17070.8 62462 29 (avg.) 

Notes: 

(1) Number reported Is the sum "infield dry holes• + wlldcats + "abd prod" (oil) + "abd prod" (gas) (tolalled for portions of basins which extend . 

into more than one state), from 1987 data in Gruy Engineering Corp. (1989, table 1); number of wlldcets was assumed to be the number of dry holes 

other than Infield dry holes, and estimated for each basin by the formula: rtotal dry hojes" (state total) • "infield dry holes" (state total)) x "Infield 

dry holes• (basin total) / "Infield dry holes" (state tolal). 

(2) Number.of wells active in 1986; data from Michie & Associates (1988, table 2). 

(3) Does not include sah-water disposal wells. 

(4) Average dally volume (mbd • thousands of barrels per day, mmcfd • million cubic It per day); 1986 data from Michie and Associates (1988, table 2). 

(5) Producing area (in thousands of acres); 1987 data from Gruy Engineering Corp. (1989, table 1). 

(6) Number of acres (value in preceding column of this table x 1000) divided by number of abandoned wells (value in first column of data in this table). 
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survey was conducted primarily through telephone conversations with individuals within the various 

agencies during the first half of 1990. Interviews consisted of general questions regarding the magnitude 

and extent of oil and gas operations in the respective state and specific questions pertaining to the actual 

inf onnation recorded and the fonnats in which it may be retrieved. The extent to which data were 

computerized and the type of data available in computerized fonnat were of particular interest Samples 

of typical production or injection well "hard-copy" files and/or computer files (where available) were 

requested at that time and later examined to define the status of data availability. 

The types of information needed for comparison of potentiometric surfaces include oil and gas 

reservoir data ( well location, elevation, perforation depths, bottomhole or other pressures, oil or gas 

gravity) and injection data (well location, elevation, injected/perforated interval depths, injection tubing 

diameter, injected fluid-specific gravity, injected fonnation porosity and permeability, and injection 

pressure, volume, and rate). Additional infonnation such as field name and producing or injected 

fonnation are also important to overall record-keeping and for simple conveyance of information. The 

presence of such data in already compiled computerized data bases facilitates the analysis of 

potentiometric surfaces. It was beyond the scope of this study to digitize data for basins where data have 

not been added to computerized data bases. 

A literature review was also conducted to examine sources of ground-water data. The USGS, 

through its National Water Data Exchange (NAWDEX) Program Office, has developed a personal­

computer,;,based Water Data Sources Directory (WDSD) that contains information about organiz.ations 

that collect, store, and disseminate water data (Green, 1991). For each organiz.ation in the WDSD, there 

are listings of the types of data available, the locations from which the data were collected, the periods 

ofrecord, and the media on which the data are stored (i.e., whether computerized or in paper fonnat). 

In surveying records on domestic (e.g., household) water wells in the U.S., Ganley (1989) tabulated the 

availability of data on well construction, hydrogeology, and location; assessed the extent to which the data 

were computerized; and listed the names of state agencies responsible for maintaining the records. 
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Results of Survey on Oil and Gas Data 

Petroleum production, injection, disposal, and storage activities are summarized by state ( or . 

district) in table 3. In 20 states and the District of Columbia there are no or only minor activities. 

Significant activities occur in the remaining 30 states and the separately-administered Osage Mineral 

Reserve(Oklahoma).Mostreservoirandinjectiondataarecollectedandretainedinhard-copyfiles(paper 

or microfilms/fiche) (appendices II and III). This information, although generally public, is not presently 

compiled in computerized data bases. Also, certain variables critical to this type of study (in particular fluid 

pressures) are not regularly measured or reported and so may be impossible to obtain or may be outdated 

Virtually all of the contacted agencies plan to compile computer data bases; these data bases will 

provide the greatest access to the data. In many cases, these data bases will include variables that are 

important to ensuring compliance with regulations (e.g., monthly productionfmjection volumes), while 

omitting some of the basic engineering data. Most of the state agencies contacted, while expressing hopes 

that ultimately all of the information would be computerized, indicated that data critical to regulations 

would receive priority. As of 1990, states that had computerized some engineering information on 

injection included Alabama, Kansas, Nebraska. Texas, and West Virginia (appendix Ill). In addition, 

several EPA regional offices indicated that some injection data are available in computerized format, 

though samples were not available because of computer system changes at that time. A few states 

(Colorado, North Dakota, South Dakota, Illinois, Texas, Utah, and Wyoming) have basic well data (such 

as location and depth) available in computer files (appendices II and Ill). Most of the other information 

in states with partial or no computerization is presumed to exist in hard-copy files in the agency offices, 

though this has not been verified in all cases. 

After a preliminary literature review and communicating with state, federal, and private agencies 

regarding data availability, the San Juan Basin, the greater Permian Basin, and the South Texas Basin were 

selected as case studies for evaluating the residual potentiometric surface method. The application of the 

method to the San Juan Basin, as the first case study, will be reviewed most thoroughly; the two remaining 

case studies will be discussed in less detail in order to minimize repetition. 
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Table 3. Summary by state of petroleum-related production, injection, disposal, and storage 
activities. 

Oil, Gas, or Enhanced Salt-Water Gas or Other Aeeroximate Well Counts {2} 

State o,ther New Recovery Disposal Storage Active Active Abandoned 

Production (1) Injection Injection Injection Production Injection 

Alabama Y(3) y y N 1890 241 2798 
Alaska y y y N 1295 336 1136 
Arizona y N y N 23 7 453 
Arkansas (preliminary) y y y y 12250 1218 22838 
California y y y y 56175 15466 86417 
Colorado y y y y 10178 983 29948 
Connecticut N N N N 
Delaware N N N N na (4) 
Dist of Columbia N N N N 
Florida (preliminary) y y y N 113 74 853 
Georgia N N N (pending) na 
Hawaii N N N N 
Idaho y N N N na na 
Illinois y y y y 3129<? 14548 98528 
Indiana (preliminary) y y y y 8384 3305 57336 
Iowa N N N y 434 (5) na 
Kansas y y y y 61963 14902 1n355 
Kentucky (preliminary) y y y y 31359 5417 70235 
Louisiana y y y y 40854 4424 135734 
Maine N N N N 
Maryland y N N y -8 (6) 82 (5) na 
Massachusetts N N N N 
Michigan y y y y 5880 1655 30863 
Minnesota N N N y 66 (5) na 
Mississippi (preliminary) y y y y 4449 981 20549 
Missouri (preliminary) y y y y 300 460 1746 
Montana y y y y 6703 1452 22481 
Nebraska y y y y 1830 ·521 15418 
Nevada y y N N 27 8 347 
New Hampshire N N N N 
New Jersey N N N N na 
New Mexico y y y y 34318 4162 26563 
New York y y y y 9438 3254 5553 
North Carolina N N N N na 
North Dakota y y y N 3936 407 7233 
Ohio (preliminary) y y y y 62380 3956 100042 
Oklahoma (preliminary) y y y y 127500 22792 261431 
Oregon y N y y 14 (6) >1 (6) na 
Osage M. R. (Okla) (prelim.) y ? ? ? na na na 
Pennsylvania (preliminary) y y y y 48000 6183 -279892 
Rhode Island N N N N 
South Carolina N N N N 
South Dakota y y y N 188 41 904 
Temessee (preliminary) y y y y 1794 11 3893 
Texas y y y y 246135 51649 610204 
Utah y y y y 3933 502 6163 
Vermont N N N N 
Virginia y (pending) N N 609 0 201 
Washington N N N y n(5) na 
West Virginia y y y y 48395 761 64175 
Wisconsin N N N N 
Wyoming y y y y 17283 5936 38247 

Notes: (1) does not include withdrawal from storage; (4) not available; 
(2) data from Michie and Associates (1988); (5) 1987 data from American Gas Association (1988); 
(3) Y - yes; N - no; ? - uncertain; (6) data from State geological survey. 
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CASE STUDY-SAN JUAN BASIN 

Background 

The San Juan Basin is a mature petroleum province in New Mexico, Colorado, and Arizona that 

• covers about 13,000 mi2 (34,000 km2)· and contains approximately 16,500 oil and gas wells in 

approximately 900 reservoir/pools (Petroleum Infonnation Inc., unpublished data, 1989). Petroleum 

exploration in and around the San Juan Basin has occurred aero~ about 22,000 mi2 (57,000 km2). As of 

1986, the San Juan Basin produced approximately 23 thousand barrels per day (mbd) oil and 913 million 

cubic feet per day (mmcfd) gas from 3,070 oil wells and 13,449 gas wells (Michie & Associates, 1988). 

Oil is produced principally Jrom Pennsylvanian and Cretaceous sandstone reservoirs in fields of medium 

depth (5,000 ft [1,500 m]). Gas has been produced for more than 60 years from Cretaceous rocks (also 

at approximately 5,000 ft [1,500 m] depth) (Matheny and Ullrich, 1983; Michie &Associates, 1988). In 

the past decade, production of coalbed methane from the Upper Cretaceous Fruitland Formation has 

become significant, rising from 3 billion cubic feet (Bet) in 1985 to 67 Bcf in 1989 and finally surp~ing 

conventional gas production in 1992 ( 447 Bcf coalbed methane versus 422 Bcf conventional gas) (W. R 

Kaiser, Bureau of Economic Geology, personal communication, 1994). Oil and gas are also produced in 

smaller volumes from Devonian, ~issippian, Permian, Jurassic, and Tertiary reservoirs. Fassett and 

others (1978b) and Fassett (1983) reviewed the general geologic setting. 

Nmety-eight percent of the water produced with oil and gas in the San Juan Basin is from 

Cretaceous (and to a lesser extent Pennsylvanian) reservoirs (Stone and others, 1983, p. 54; Michie & 

Associates, 1988). Much is reinjected in EOR operations, nearly all of which are in the Cretaceous 

reservoirs (New Mexico Oil Conservatiop. Division [NMOCD], 1990a). In 1989, for example, nearly 

2L5 million bbl of water were injected through some 308 EOR injection wells in ten fields in the New 

Mexico portion of the San Juan Basin (New Mexico Oil Conservation Division, 1990a). A considerable 

volume of produced water, including essentially all water produced with coalbed methane, is also injected 

into non-producing zones for purposes of disposal (Lawrence, 1993). In March 1990 alone, nearly 
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1.4 million bbl of water were injected through 34 salt-water disposal wells in the basin (New Mexico Oil 

Conservation Division, 1990b ). 

Aquifers in the San Juan Basin are predominantly confined (i.e., overlain by semi-permeable 

strata) and tend to occur within alluvium and sandstone, although some coal beds also act as aquifers 

(Kaiser and others, 1991). The numerous individual aquifers in the basin have been grouped into six 

hydrostratigraphic (aquifer) units by the USGS Regional Aquifer-System Analysis (RASA) Program for 

the San Juan Basin (Stone and others, 1983; Levings, USGS, Albuquerque, personal communication, 

1990). These hydrostratigraphic units are Tertiary Undivided, Upper Cretaceous Undivided, Mesaverde 

Group, Gallup Sandstone, Dakota Sandstone, and Morrison Formation (table 4). The approximate base 

of USDW s has been delineated, along with the relative location of the oil and gas reservoirs, on a 

generaliz.ed geologic section across the San Juan Basin (fig. 8). Tertiary units crop out in the center of the 

basin and older units crop out successively farther from the center of the basin_ 

The stratigraphic Mesaverde Group of Upper Cretaceous age has been divided into two 

hydrostratigraphic units for this study: the Mesaverde Group undivided (excluding the Gallup Sandstone) 

and the Gallup Sandstone. The Gallup Sandstone (sensu stricto ), the lowest stratigraphic unit of the 

Mesaverde Group (Beaumont and others, 1956), is an offlapping unit of CarlisJe age beneath the basal 

Niobrara unconformity (fig. 8). This hydrostratigraphic unit should not be confused with the so-called 

''Gallup" unit producing oil and gas, which is technically the Tocito sandstone lentil of the Mancos shale, 

above the basal Niobrara unconformity. The confusion stems from locations where the true Gallup 

sandstone and the upper part of the lower Mancos shale are eroded, so that the ''Gallup" oil and gas unit 

appears to be in the same position as the hydrostratigraphic unit. 

Data Sources 

Oil and Gas Reservoir Pressure Data 

Reservoir pressures were averaged by PI from the individual well data for all active and shut-in 

wells in each reservoir/pool during a decade and assigned spatial coordinates of the reservoir/pool 
I 
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Table 4. Characteristics ofhydrostratigraphic units, San Juan Basin. 

Hydrostratigraphic # Wells/# wells Individual Environment HSU HSU T(ft2/day) Specific cond. 

unit (HSU) used to determine head units of deposition thickness depth (µSiem) 

(ft) (ft) (TDS [mg/L]) 

San Jose Formation eolian 
Tertiary 294/241 Nacimiento Formation alluvial 72- land- 40- 320->9000 

Undivided Animas Fonnation fluvial 2700 2660 250 ( 176->6750) 
Ojo Alamo Sandstone lacustrine 

Chuska Sandstone 

Kirkland Shale 
Upper Farmington Sandstone 

Cretaceous 74/72 Fruidand Formation fluvial 25- land- .001- >2000-<41 000 
Undivided Pictured Cliffs Sandstone marine >2000 4130 <10 (>1100-<30750) 

Lewis Shale 

N 
--.J 

Cliff House Sandstone 
Menefee Formation 

Mesaverde " 181/149 La Ventana Member marine 20- land- 2- > 1500-59000 
Group Allison Member coal measure 1000 6400 240 (>825-44250) 

Cleary Coal Member 
Point Lookout Sandstone 

Crevasse Canyon Formation 
Gibson Coal Member 
Dileo Coal Member 

Gallup 45/36 GaHup marine 93- land- 100- <1000-4000 
Sandstone Sandstone 700 4300 400 (<550-3000) 

Dakota 52/48 Dakota marine 200- land- ?- <2000->10000 
Sandstone Sandstone coal measure 350 8500 100 (<1100->7500) 

Brushy Basin Member alluvial 420- land- ?- <1000->10000 
Morrison 83/68 Westwater Canyon Sandstone fluvial 900 8900 500 ( <550-> 7500) 
Formation Salt Wash Sandstone 
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Figure 8. Generalized southwest-northeast cross section through San Juan Basin, showing 
major hydrostratigraphic units and oil and gas reservoirs (after Stone and others, 1983, 
fig. 10). 

centroid. Average measured BHPs were listed for only nine of the 900 reservoir/pools in the WHCS data 

base from the New Mexico and Colorado portions of the basin, whereas SITP values were listed for 245 

of those 900 reservoir/pools. However, information on reservoir depth and wellhead elevation were 

missing from 154 of the reservoir/pools for which SITP values were available. To form an intemally 

consistent dataset, the 91 reservoir/poolsforwhich SITPvalues, reservoir depths, and wellhead elevations 

had been given were selected for potentiometric-surface mapping. One-hundred-sixty-five SITP values 

were listed for those 91 reservoir/pools: 51 reservoir/pools had SITP values listed for only one 10-year 

period, 20 had values for two periods, six had values for three periods, and 14 had values listed for four 

10-year periods. Where SITPs were available for more than one 10-year period, the maximum value was 

selected, so that each of the 91 reservoir/pools was represented by a single SITP value. BHP values were 
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calculated from these SITPs using a 0.07 psi/ft pressure gradient, considered to represent methane­

dominated reservoirs in the San Juan Basin (Bureau of Economic Geology, unpublished data). 

A different set of pressure data for 162 different reservoir/pools was compiled from State oil and 

gas annual reports (New Mexico Oil Conservation Division, 1952, 1954, 1957) and field summary 

volumes published by the Four Corners Geological Society (FCGS) (Fassett and others, 1978a, 1983). The 

NMOCD reports listed pressures for 41 different reservoir/pools, whereas the FCGS volumes listed 

discovery well or initial field pressures for 142 reservoir/pools. There are only 21 of the 162 reservoir/pools 

in common to NMOCD and FCGS. Fifty-four of the 162 reservoir/pools listed by NMOCD and FCGS 

are included in the final 91 • reservoir/pools "screened" from the PI WHCS data set 

Pressure data for the 162reservoir/poolsfromNMOCD andFCGS include anassortmentofBHPs 

(in a few cases e~plicitly stated to be from drill-stem tests), SITPs, shut-in casing pressures, and flowing 

tubing pressures. In some cases, the depth of measurement was explicitly stated; in others it could only 

be assumed to be in the middle of the perforated interval. In addition, for some of the reservoir/pools, 

different values were given for discovery well pressure and initial field pressure. The quality of the 

NMOCD and FCGS •data are unknown; it was beyond the scope of this case study to standardiz.e and 

merge the NMOCD and FCGS data with the WHCS data. However, more than half (30 of 54) of the 

BHPs calculated from SITPs from the WHCS data base are within 25 percent of the discovery value 

reported by NMOCD or FCGS, and 46 of 54 calculated BHPs are within 50 percent of the reported 

discovery value. 

USDWData 

USDW aquifer data were obtained from the USGS RASA Program data base for the San Juan 

Basin (Craigg and others, 1989). There are six separate data sets, each consisting of water wells producing 

from a single hydrostratigraphic unit; the data do not include any wells that produce from more than one 

hydrostratigraphic unit This ensures that the hydraulic head recorded for each well reflects the hydraulic 

head in a particular aquifer at the time of measurement (if a well is perforated in more than one aquifer, 
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itis not possible to detennine which has the higher hydraulic head without additional testing). The original 

well records contained as many· as 21 data elements, including well location, hydrostratigraphic unit, 

altitude of the wellhead, well depth, static water level, and altitude of the static water level 

Abandoned Well Data 

Two sources of information were combined to determine the number and distribution of 

abandonedwells in the New Mexico and Colorado portions of the San Juan Basin. First, the distribution 

of 2,105 abandoned, dry new-field wildcat wellswas supplied in 1989 by PI. Second, an updated number 

of abandoned wells other than dry new-field wildcats was estimated, as detailed in the Methods section, 

for each individual 0.1 ° x 0.1° area, yielding an estimated total of 3,999 abandoned non-wildcats. The 

sum of 2,105 abandoned wildcats and 3,999 abandoned non-wildcats yields an estimated total . of 

6,104 abandoned wells for the New Mexico and Colorado portions of the basin. By comparison, Gruy 

Engineering Corp. (1989, their table l) estimated 4,932 abandoned non-wildcats as of 1988 for the New 

Mexico and Colorado portions of the basin. The. discrepancy between this study' s estimates and Gruy 

Engineering's estimates probably reflects differences in the sources of data (Pl versus State regulatory 

agencies). 

Class II Injection Data 

Injection volume data used in the quantitative analyses of head buildup around selected EOR 

injection wells were obtained from the NMOCD monthly injection reports for 1987 (New Mexico Oil 

Conservation Division, 1987). We chose the highest injection volumes to delineate the maximum areal 

extent of head buildup. More recent data for May 1990 (New Mexico Oil Conservation Division, 1990d) 

showed a similar range of injection volumes but some changes in well status. Further infonnation for 

qualitative review was extracted from annual injection reports for 1988 and 1989 (New Mexico Oil 

Conservation Division, 1989a, 1990a). The annual reports detail maximum allowed surface injection 
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pressures, depths, and annual injection volumes. Bottomhole injection pressures were calculated from this 

information (using estimates of injection rate, typical injection tubing diameter [3 in (7.62 cm)], friction 

losses, and the weight of water in the injection string) during the preliminary stages of the study. However, 

these calculated pressures were not used in the final analyses because no pre-production pressure values 

were obtainable for the injection locations. Instead, pre-production values of hydraulic head were 

determined from the composite oil and gas potentiometric surface. 

The EOR injection annual report for 1989 (New Mexico Oil ConservationDivision, 1990a) listed 

28 fields with injection operations; 14 fields were indicated to have active injection projects in 1989, 

11 fields had no active projects, and three fields were entirely abandoned A comparison to the May 1990 

monthly report (New Mexico Oil Conservation Division, 1990d) and to the November 1989 monthly 

report (New Mexico Oil Conservation Division, 1989b) reveals some inconsistencies in the records. For 

example, the data for 1989 should have listed 29 fields, Puerto Chiquito E (Mancos) having beenleft 

out In addition, the May 1990 report listed three additional fields (Eagle Mesa-Entrada, Tocito Dome 

North-Pennsylvanian, and Blanco-Fruitland Sand) which may have been permitted for injection in 1990 

but had not yet become active. An examination of the conflicting data suggests that of the 29 fields carried 

in the enhanced recovery injection records for 1989, ten had active projects (at least one active injection 

well), 13 had no active injection projects, and six had injection projects that had been abandoned by 1989 

(including three fields entirely abandoned). There was no injection in 1989 in any of the other 225 fields 

in the New Mexico portion of the basin. As of May 1990, there were 119 active, 396 inactive, and 

128 abandoned EOR injection wells (643 total) in the New Mexico portion of the basin. 

Data on disposal volumes used in the analyses of head-buildup around selected SWD wells were 

extracted from the NMOCD March 1990 and April 1990 salt-water disposal reports for northwest New 

Mexico (New Mexico Oil Conservation Division, 1990b, 1990c). Additional SWD well data were 

transcribed from hard-copy well and permit files located in the NMOCD office in Santa Fe. In the salt­

water disposal report for March 1990, there were 34 active wells, eight inactive wells (including one for 

which there was no report), and 15 abandoned or "disconnected" wells (57 total). In April 1990 there 

were 26 active wells, 16 inactive wells (including 11 for which there was no report), and 15 abandoned 
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or"disconnected" wells. Well records could not be found for one disposal well listed in the monthly reports 

(NassauResources,Carracas Unit 13A/22A, no. 52-_ active in March 1990), but a file was found for a 

similarly designated wellnotlisted in themonthlyreports (Nassau Resources, Carracas Unit27 A, no. 82- _ 

activity unknown). 

Initial Hydraulic Conditions 

Pressure-Depth Profiles 

BHPs were plotted versus measured depths in order to interpret the hydrologic environments in , 

the hydrocarbon-bearing formations, the water injection zones, and the aquifers. Data points on the 

pressure-depth profile for oil -and -gas reservoirs (fig. 9) include fields_ -with bottom.hole pressures 

retrieved directly from the PI data base as well as bottomhole pressures calculated from surface shut-in 

tubing pressures in that data base. When more than one pressure value was available for a well, the highest 

value was selected under the assumption that it is a closer estimate of the initial formation pressure. 

Calculated values of BHP data tend to lie along or below the line representing the fresh-water 

hydrostatic gradient (slope = 0.433 psi/ft [9.79 kPa/m]). This correspondence reflects relatively low 

salinity of fonnatlonwater; with one exception, Berry (1959) reportedTDS <75,000 ppm forJurassic and 

Cretaceous units in the basin. Figure 9 is qualitatively similar to a plot of discovery and pre-production 

pressures versus depth (fig. 10), whichwas generated from data compiled by Fassett and others (1978a, 

1983). FigurelOsuggests that. at least in some instances, underpressuring (subhydrostatic conditions) in 

San Juan Basin reservoirs may be natural rather than induced by hydrocarbon production. Berry (1959) 

attributed underpressuring in Cretaceous units in the center of the basin to osmotic flow of water 

downward, across shales acting as semi-penneable membranes, into -the saline Entrada Formation 

(Jurassic). The few points that fall above the fresh-water hydrostatic line on figure 10 correspond to 

reservoirs in the Upper Cretaceous Fruitland and Pictured Cliffs Formations, which exhibit artesian 

overpressuring (Kaiser and others, 1991), and in deep Paleozoic formations. 

32 



0 

1 psi/ft 
2000 

• 
• • 

g 4000 • • • • GI 
CJ •• • • ,@ • 
::, • •••• co • 
E • • ,g 6000 •• I • • • .=. • '5. • 
GI • C • • • • 

8000 0.433 psi/ft 

10,000 

12,000 +---..-------------.-----,-------....-----.----1 
0 1000 2000 3000 4000 5000 

Bottomhole pressure (psi) QAa5738c 

Figure 9. Current (1990) reservoir bottomhole pressure versus depth, San Juan Basin. 

Hydraulic head values for each of the six USDW s were converted to equivalentBHPs and plotted 

versus depth (fig. 11 ). Toe subhydrostatic profiles for each of the hydrostratigraphic units may reflect 

depressuriz.ation due to ground-water production. Alternatively, subhydrostatic conditions may reflect 

downward flow. Water wells in aquifers other than the Tertiary Undivided USDW occur primarily along 

the margins of the basin, where recharge occurs on outcrops. Analyses of aquifer structure, surface 

topography, recharge and discharge areas, and historical water-level measurements would be required to 

assess the local controls on subhydrostatic conditions. 
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Computer-Generated Potentiometric Surfaces 

Based on the distributic>nof reservoirpressures with depth; freshwater hydrostatic conditions were 

assumed in converting BHP values to hydraulic head. Berry (1959) (who used a slightly lower gradient 

of 0.429 psi/ft[9.70 kPa/m]) and Kaiser and others (1991) also used equivalent freshwater heads to 

construct potentiometric surface maps of various fonnations in the San Juan Basin. Reservoir elevation 

was taken as the elevation (relative to sea level) of the middle of the perforated interval. Because of the 

sparseness of the data set, ·the 91 hydraulic head values at reservoir centroids were mapped· ona single, 

vertically-integrated potentiometricsurfacerepresenting thehydrocarbon-producingfonnations (fig. 12). 

Because there are as many as 12 different petroleum-producing units in the San Juan Basin, the composite 

surface does not fully reflect the geologic complexities and distinctions between these formations. The 
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Figure 12. Computer-generated potentiometric surface of combined oil- and gas-producing 
formations, San Juan Basin. 

composite surface nonetheless provides a usable, regional representation of the maximum hydraulic head 

in the oil and gas zones, which can be used for comparison in a vertical direction with the hydraulic head 

in the USDW s. This and other potentiometric surfaces have been redrawn for this report from the original 

CPS-1 printouts for the sake of legibility; however, the contours honor the computer-drawn contours. 
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Potentiometric smfaces were also generated for each of the USDW s, as shown for the Tertiary 

Undivided and Upper Cretaceous Undivided hydrostratigraphic units in figures 13 and 14. Whereas the 

Tertiary USDW potentiometric smface coincides with most of the composite oil and gas smface,.the 

smfaces for the other USDWs, located on the margins of the basin, do not The lack of overlap is an artifact . 

of the lack of water-level data from the other USDW sin the center of the basin. The ''hole" on the southern 

margin of the Upper Cretaceous Undivided potentiometric smface, like "bull's-eyes" on other 

potentiometric smfaces in this report, is an artifact. of computer-guided contouring where data are 

sparse. 

Residual Smfaces 

Analysis of residualhydraulic head between the oil and gas section and each USDW isnecessarily 

restricted to those overlapping areas where there are data for both. Because of the high degree of overlap 

between the Tertiary Undivided USDW and the area for which there are reliable oil and gas pressure data, 

relatively high confidence can be pJaced in most of the positive residuals resulting from subtraction of th~ -

Tertiary Undivided potenti.ometric surface from the composite oil and gas surface. The amount of 

confidence that can be placed on any residual decreases as the data points defining one surface become 

more widely separated from those defining the other. In the case of the Gallup sandstone, analysis. of 

residual head is notmeaningfulbecause available aquifer data and the computer-generated potentiometric 

smface do not overlap with the oil and gas smface. More confidence can be placed in the analyses of 

residual head for the other four hydrostratigraphic units where there is greater overlap between each data 

set (and corresponding computer-generated potentiometric smface) and the oil and gas potentiometric 

smface. 

Seventeen positive residual areas reasonably supported by data are scattered across the center of 

thebasin.FivepositiveresidualareasfortheTertiaryUndividedUSDW areconstrainedbydatafrom both 

the reservoir and aquifer data sets (fig. 15). The three northernmost of these five areas approximately 

coincide with regional· ground-water discharge areas in the San Juan River valley (Kaiser and others, 
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1991). Two other positive residual areas near the margins of the Tertiary Undivided system are poorly 

constrained by both da~sets. The four positive residual areas for the Upper Cretaceous Undivided USDW , 

are not well constrained, located where the oil and gas and aquifer data sets barely overlap (fig. 16). 

Likewise, none of the three positive residuals for the Mesaverde Group nor the two positive residuals for 

the Dakota sandstone is well constrained by data points. Potable water may be present in the non-Tertiary 

hydrostratigraphic units at greater depth toward the center of the basin where oil and gas data are available, 

but there are no waterwells that produce solely from non-Tertiary USDW sin those areas. The sole positive 

residual area identified for the Morrison Formation USDW is constrained by several data points from the 

oil and gas data set and one point from the aquifer data set This positive residual for the Morrison 

Formation USDW approximately coincides with less well constrained positive residuals for the 

Mesaverde Group and Dakota sandstone aquifer systems, suggesting that this is indeed an area of high 

hydraulic head in the oil and gas section. 

All positive residuals have been compiled on a composite map (fig. 17); this map reduces the 17 

unique positive residuals to five large and eight medium-to-small positive residuals. All positive residual 

areas for all hydrostrati.graphic units are shown,.including those that are not well constrained by nearby 

data points. Between the positive residuals, USDW s overlap with the zone of oil and gas production, but 

residual head is negative, indicating no upward flow potential based on available data. The composite map 

was used in combination with figure 18 in area of review analyses to determine approximate numbers of 

abandoned wells that are near active injection operations and salt-water disposal wells in positive residual 

areas. 

Abandoned Well Locations 

Contouring the distribution of abandoned wells at the 0.1 ° x 0.1° scale illustrates that abandoned 

wells are concentrated in five areas within the region of oil and gas production (fig. 18), none of which 

is centered on a mapped positive residual. At the latitude of the San Juan Basin (approximately 35.5° N 

to 37 .5° N), a 0.1° x 0.1° cell is approximately 36 mi2 (93 km2). The greatest concentration of abandoned 
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Figure 17. Composite map of all positive 
residuals within area of reliable reservoir 
pressure data (outlined) in San Juan Basin; 
boundaries dashed where inferred. 

wells (approximately 662 within a 0.1° x 0.1° cell) occurs in the north-central part of the basin. The other 

four areas are located nearer the margins of the region of active production; each of those areas is estimated 

to contain from 100 to 150 abandoned wells per cell. The fact that the five clusters of abandoned wells 

coincide with negative residuals suggests that hydraulic gradients are directed downward where 

abandoned wells are most numerous in the basin. This potentially reduces the risk of salini7.ation of 

USDW s. The numbers of abandoned wells in various areas of interest were estimated by totaling the well 

counts for the cells lying partially or completely within each area (table 5) .. This approach yielded 

conservatively large estimates-approximately 1,000 abandoned wells within the positive residual areas 

and as many as 4,000 abandoned wells within the entire region for which reliable oil and gas reservoir 

pressure data were available. 
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Table 5. Estimated number of abandoned wells, San Juan Basin. 

Area of interest 

Entire area of petroleum 
operations in San Juan 
Basin and surrounding area 

Entire area of available hydrologic data 

Principal area of petroleum operations 

Area of petroleum operations with 
reliable pressure data 

All positive residual areas combined 

Note: 

Number of 
abandoned 

wells [1] 

6,050 

5,700 

4,500 

4,000 

1,000 

(sq mi) 

22,000 

18,500 

13,000 

8,400 

1,000 

Area 
(sq km) (thousand acres) 

56,000 

47,900 

33,700 

21,800 

2,600 

14,080 

11,840 

8,320 

5,380 

640 

(1) Sum of individual well counts of cells which lie partially or completely within the area of 
interest; values are . approximate. 

Effects of Class II Injection 

Head-Buildup Calculations for Selected EOR Injection Wells 

Hypothetical hydraulic head buildup in the vicinity of Class II wells was calculated to illustrate 

how injection may affect the natural hydraulic gradient One high-volume injection well from each of 

four EOR projects in the San Juan Basin was selected as an example (table 6; fig. 18). Transmissivity and 

storativity values were computed on the basis of typical hydrologic properties for the injection formation 

(''Gallup" [Tocito] sandstone) in the vicinity of the injection project (Fassett and others, 1978a). Head 

buildup at various radial distances from the wellbore was calculated (eq. 3) for continuous injection over 

one yr, 20 yr, and 40 yr (appendix IV). 

Three of the four selected EOR wells are located in negative residual areas in which the calculated 

pre-production hydraulic gradient is downward from the USDWs to the hydrocarbon reservoirs. The 

fourth well (West Bisti Pressure Maintenance Project [PMP], well no. 140) is located in a positive residual, 
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Table 6. Characteristics of selected enhanced-recovery injection wells, San Juan Basin. 

Reservoir, Perforated Maximum Surface Storage Residual 
project, Interval Injection Injection Transmlssivily coefficient head (oil & gas 

operator; Injection Overlying thickness rate pressure (gpd/lt) 
well [1) zone(s) usow (It) [2) (bpd) [3) (psi) [4) (5) 

Blstl • Lower Gallup, Lower "Galup• Tertiary 29 1198 500 13.20 
West Blstl PMP, sandstone Undivided (May 1987) (May 1987) 

Chevron U.S.A. Inc.; 
WellNo.140 Upper Cretaceous 

Undivided 

Cha Cha Gallup •Gallup• Tertiary 10 29 800 10.37 
Humble Norlhwest Cha Cha-Gallup PMP, sandstone Undivided (July 1987) (July 1987) 

Mountain Slates Petroleum Corp. 
(previously operated by Upper Cretaceous 
Suburban Propane Gas Corp.); Undivided 
Well No. 26-12 

Horseshoe GaHup •Ga11up• Dakota 13 292 760 21.29 
Humble Horseshoe Gallup PMP No. 2, sandstone Sandstone (October 1987) (October 1987) 

Mannac Petroleum Co. 
(formerly Solar Petroleum, Inc.); 
WellNo.101 

Many Rocks Gallup •Gallup• Dakota 8 148 710 21.11 
Many Rocks-Gallup PMP No. 1, sandstone Sandstone (March 1987) (March f987) 

Marmac Petroleum Co. 
(formerly Solar Petroleum, Inc.); 
WellNo.223 

Noles: 
(1) Reservoir, operator, projed, and wel as shown In May 1990 Injection report (New Mexico OIi Conservation DMslon, 1990d). 
(2) Data from •11ant-copy• weN llk!s of New Mexico OIi Conservation DMslon, Santa Fe, NM. 

(dlmenslonl866) head- USDW 
(6) head) (It) [7) 

0.000050 +50 

+390 

0.000018 .445 

-485 

0.000024 .750 

0.000015 ·1165 

Radius of area 
where lnj. head + 

residual head > 0 {It} 18) 
1 yr 20yrs 40yrs 

Total residual 
always positive 

Total residual 
always positive 

Total residual 
always negative 

Total residual 
always negative 

2.8 12 18 

T olal residual 
always negative 

(3) Barrels per day, calculated from Injection volume of month Indicated, divided by 31; data from March, May, July, and Odober 1987 monthly Injection reports (New Mexico OH Conservation Division, 1987). 
(4) Average lnjedlon pressll'e lor month Indicated (data from same sources as In note 3). • 
(5) Transmlsslvl1y In gallons per day per loot. 
(6) Storage coefficient Is dimensionless. 
(7) Head difference (Ahn) delennlned from residual potenllometrlc surface maps al approximate location ol lnjedlon weH. 
(8) Determined by adding head due to Injection (Ahl • read from buildup plots) lo residual head In vicinity of lnjedlon well (Ahn• from residual potentlometrlc surface maps; see note 7). 



which suggests that upward fl.ow from reservoirs to the Upper CretaceousUSDW could occur without 

injection. Among the wells in negative residuals, the calculated head buildup in the well with the highest 

injection volume (Humble Horseshoe Gallup PMP no. 2, ·well no. 101) would be great enough to reverse 

the hydraulic gradient (fig. 19). However, the maximum radius of the area of induced upward flow 

(the area of review) would be only 18 ft (5.5 m) after 40 yr of injection (table 6), far less than the typical 

1,32(}.ft ( 402-m) spacing between injectors and producing wells (appendix I). Still, this example illustrates 

that the use of positive residuals is insufficient for screening in instances where a~ II injection reverses 

a downward hydraulic gradient 

Calculating hydraulic head or reservoir pressure buildup relative to pre-production conditions, 

which is mandated by the CPR (U. S. Office of the Federal Register, 1987), may overestimate the actual 

hydraulic head or reservoir pressure in instances of injection for EOR. In three of the four EOR injection 

wells considered here, recent bottomhole pressures obtained from PI are less than the initial field and/or 

discovery well pressures (F~tt and others, 1978a, 1983). For the fourth, the Humble Northwest 

Cha Cha-Gallup PMP, initial (1,630 psi [11.24 MPa]) and recent (1,637 psi [11.29 MPa]) BHPs were 

similar. Given that the pressure maintenance projects probably would not have been needed had·the 

originalfonnationpressures persisted, the existence oflower-than-calculatedreservoirpressuresfollowing 

injection is logical. 

Head-Buildup Cal~tions for Selected Salt-Water Disposal Wells 

Ten of the 34 SWD wells which were active in March and/or April 1990 were selected for head­

buildup calculations on the basis of high surface-injection pressures, high injection volumes, and 

geographic distribution (table 7; fig. 18). Transmissivity and storativity values were determined in the 

same fashion as for the EOR examples. Head buildup due to injection was calculated for a range of 

transmissivity values.for each formation (appendix V); an increase in transmissivity reduces the head 

buildup at a particular distance from the well but increases the radius of impression, that is, the maximum 

distance at which any head buildup occurs. 
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Figure 19. Calculated hydraulic-head buildup around well no. 101, Hwnble Horseshoe Gallup 
Pressure Maintenance Project No. 2, Horseshoe Gallup reservoir, SanJuan Basin. 

Of the ten SWD wells, the "natural" head difference between the composite oil and gas section 

and each of the overlying USDWs is negative (downward-directed) in five cases and positive in 

four cases. The remaining disposal well is located in an area for which no oil and gas pressure data were 

available. The calculated head buildup due to disposal would be sufficient to reverse the inferred negative 

head differential in two cases (BHP Petroleum well no. 307L and Meridian·Oil well no. lJ); for well 

no. 307L, the reversal in gradient is calculated assuming a low estimate of injection-zone transmissivity 

(table 7). 

The accuracy of regional positive residuals in the San Juan Basin was evaluated by comparison 

with local hydraulic gradients calculated from non-PI data in the vicinity of the disposal wells. Bottomhole 

pressures (calculated from swface injection pressures) in the ten SWD wells selected for study were 

compared with pressure distributions in the overlying USDW s using the following procedures. TheSWD 
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Table 7. Characteristics of selected salt-water disposal welis, San Juan Basin. 

Perforated Maximum Surface Storage Residual Radius ol area where lnj. head 
Operalor, Interval lnlectlon Injection Tra111ml88lvity coefficient head (oH & gas + residual head > o (It} [8] 

lease, Injection Overfylng thickness rate pressure (ll)dm) (dlmenslonless) head-USDW mln.T max.T 
well(1] zone(s) (2) USDW(s) (It) (2) (bpd) (3) (psi) (4) (5) (6) head) (It) (7) 1 yr 40 yrs 1 yr 40yrs 

Basin Oi&pOMI, Inc., Cliff House Si. T.tlary Und. 46 1-440 1,080 14.96min 0.00009 +437 Total residual 
Dlsp01l8I, cl Mesaverda Gp. (April 1990) (April 1990) 1796 max always positive 

Well 1 F 

BHP Petroleum, Inc., Cliff House. S1. T erllary Und. 816 288 929 14.96mln 0.00163 -403 45 290 Total residual 
Gallegos Canyon Unl, cl Mesaverde Gp. (April 1990) (Apri11990) 1796 max always neQiitive 

Well YJ7L 

Conoco, Inc., CliffHouseS.., T ertlary Und. 266 136 1,510 14.96mln 0.00048 -3365 Total residual 
Jlcarllla 30, Menefee Fm., and (Marcll 111110) (Man:h 1990) 1796 max always negative 

Well 1 A Pt. Lookout Sa. 
cl MNaverda Gp. 

Meridian OIi, Inc., • Morrison Fm., T ertlary Und. 947 2330 1,778 74Bmln 0.00182 -2385 Total residual 
Cedar HIii SWD, Bluff S1., (March 1 IIIIO) (Man:h 1990) 3748max always negative 

Well 1 B Summerville Fm., 
and Entrada Sa. 

Meridian OIi, Inc., Bluff Sa. and T ertlary Und. 371 43119 710 1000mln 0.00071 +365 Total residual 

~ Middle Mesa SWD, Entrada Sa. (March 111110) (Man:h 1990) 2500max always positive 
\0 Well 1 L 

Meridian 011, Inc., Morrison Fm. and Tertiary Und. 230 4482 1,340 748min 0.00044 -30 8.500 41.000 720 4.500 

Pump Canyon SWD, Enlrada Sa. (March 111110) (Man:h 1990) 3748 max 
Well 1 J 

Meridian 011, Inc., Morrison Fm. and T ertlary Und. 1024 6684 1,053 1000min 0.00199 -895 Total residual 
San Juan 30-6 UnM, Entrada Sa. (April 1990) (April 1990) 2500 max always negative 

Well 112YA 

Merrion OIi and Gas Corp., GallupSs. Tertiary Und. 648 4487 1,250 748min 0.00100 No oil and gae Not applicable 
Federal 11 C, (March 19110) (Man:h 1090) 2992 max pre66ure data 

Well 2P in this area 

Merrion OIi and Gaa Corp., Morrison Fm. and T ertlary Und. 994 4294 850 74Bmin 0.00192 +730 Total residual 
Santa Fe 20, Entrada Sa. Mesaverda Gp. (March 111110) (Man:h 111110) 2500max always positive 

Well 2F 

THfany Ga1 Co,, Entrada Sa. and Mesaverde Gp. 1056 702 650 500min 0.00201 +1300 Total residual 
USG Section 19, Chinle Fm. (March 19110) (Man:h 111110) 2600max always positive 

Well 171 

Notes: 
(1) Operator, project, and wel number as shown In Aprl 19901ahwater disposal report (New Mexico Oil Conservation Division, 1990c). 
(2) Data from "hard-copy" well Illes cl New Mexico Oil Conservation Olvl&lon, Santa Fe, NM. 
(3) Barrels per day, calculated from monthly disposal volume divided 17/ 31 (March) or 30 (April) (New Mexico OIi Conservation Dlvi&lon, 1990b, 1990c). 
(4) Average Injection pressure lor 1he month (data from -■me 10urcea a1 In nole 3). 
(5) TransmlssMty range, in gallone per day, per foot; from rang• reported by Siona and othera (1983) using converaion T(gpdnt) • T(aquare-Wday) x 7.48(gaVcubic-ft). 
(6) Storage coefficient la dimen1lonl888; calculated from 1yplcal formation parameter&. 
(7) Head difference (Ahn) determined from 18&ldual potentiometrlc surlace mape at approximate location of disposal weNs. 
(8) Determined by adding head due to Injection (Ahl - read from head-buildup plots) to residual head in vicinity of dispoaal well (Ahn. read from residual 

potentiometrlc surlace maps; see note 7); values shown correspond to minimum and maximum transmissMtie& (see note 6). 



wells were first located on the computer-generated potentiometric surfaces of the six USDW aquifer 

systems to determine which USDWs directly overlie disposal areas~ Pressure-depth·graphs·Were then 

constructed for each overlyingUSDW from four to ten water wells near each.SWD well. These profiles 

(not shown) illustrate that the USDWs in the vicinity of nine of the ten SWD wells (all but Tiffany Oas 

no.17 I) are subhydrostatic to varying degrees. It is uncertain whetherthese subhydrostatic conditions 

reflect natural underpressuring, ground-water production, ora combination of the two. 

In contrast to the USDW s, the injection zones were overpressured for the five SWD wells ( outof 

ten studied) for which initialfonnation pressures were available from NMOCD (table 8). Values of 

hydraulic'head in the five injection zones (converted from BHP using a specific weight of 0.433 psi/ft) 

were 3,100 ft to 4,270 ft (945m to 1,30lm) above land surface, whereas waterlevels in the USDWs 

tended to be below land surface,indicating upward hydraulic gradients between the injection zones and 

the USDW s. However, on the basis of the contoured PI reservoir pressures, four of these five SWD wells 

were located within negative residuals, which indicates that regional residual mapping may be inaccurate 

in some instances. Bottomhole pressure values in the injection zones were converted to hydraulic head 

withoutaccounting for friction losses associated with injection. However, the example of Meridian Oil 

well no. 112Y A suggests that friction losses are mine>r in situations where there is a significant head 

difference between an injection zone and a USDW. Neglecting friction losses resulted in the BHP being 

overestimated by only• 12·percent, that is, the head values in the disposal zone would still be 1,350 ft to 

2,050 ft (4U m to 625 m) above land surface. 

. . 

Abandoned Wells Affected by lnjectiQn and Disposal Operations· 

Each of the two fonns of area of review detennination, fixed radius and calculated radius 

(appendix.I), offers certain advantages and disadvantages. The fixed radius ·method may require review • 

of unneceswily large areas but can be accomplished with minimal data. The calculated radius may result 

in a much smaller AOR but requires more data and analysis; We have made approximate estimate$ of 

numbers of abandoned wells affected by injection and disposal operations using both methods. Because 
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Table 8. Hydraulic head in injection zones of selected salt-water disposal wells, San Juan 
Basin. 

Land surface 
Reservoir Head 

(Head) -
Unit Well# (LS) elevation 

SfTP interval B-P (fresh-
(LS elevation) 

(ft above msl) 
(psi) (ft below (psi) water) 

(ft) 
LS) (ft) 

Basin Disposal Inc. Disposal #1 F 5710 1850 3652-3698 3440 9980 4270 

BHP Petroleum Inc. Gallegos Canyon. Unit #307L 5360 1.400 2592-3500 2720 8590 3230 

Conoco Inc. Jicarilla 30 .#1A 6990 (kelly) 4846-5585 3600 10090 3100 

Meridian Oil Irie. Cedar Hil SWO #1 B 6059 8180 4910 9220 3160 

Meridian Oil Inc. San Juan 30-6 Unit #112YA 6675 8200 4974 9960 3290 

the calculated-radius AOR analyses were limited to selected Class II wells, the total abandoned well cowit 

is smaller than the upper estimate of abandoned wells based on fixed-radius AOR analyses, which include 

all Class II wells in the basin. 

The number of abandoned wells which lie within 0.5 mi (0.8 km)ofEORinjection wells (the fixed 

radius prescribed by NMOCD) was difficult to estimate accurately because (1) it was not practical in the 

presentscope of work to considertheexactdistributionof allEOR wells within the fields and (2) the precise 

location of abandoned wells was not provided by Pl To simplify analysis, EOR injection wells were 

assumed to be Wlifonnly distributed throughout each of the fields with injection operations. This reduces 

the task to one of cowiting the number of abandoned wells that lie interior to or within 0.5 mi (0.8 km) of 

each field In practice, we used producing-unit boundaries to approximate outlines offields which were 

larger than the Class II well symbols used on the maps (extracted from field summaries in Fassett and 

others, 1978a, .1983) and used the well symbols themselves for fields which were smaller (fig. 18). Each 

well symbol has an area of approximately 0. 78 mi2 (2.0 km2). • The difficulty in determining the precise 

distribution of abandoned wells within each 0.1 ° x 0.1 ° cell was minimized by calculating a high and low 

estimate for each field ·of interest The high estimate assumes that all of the abandoned wells within each 

cell are located within the bowidaries of the field(s) •• within that cell; the low estimate assumes that the 

abandoned wells are evenly distributed throughout each cell, so that the number is directly proportional 
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to the area of the cell occupied by the field(s). If a field or map symbol extends into more .than one cell, 

then a factor representing the percentage of the AOR in each .. cell must be incorporated into· .. the 
,. 

computations. 

The number of abandoned wells which lie within 0.5 mi (0.8 km) ofa salt-water disposal well was 

estimated using the same approach as was usedfor EOR injection wells. The only difference is that the 
. . 

disposal wells are single points with precise locations, so that the circular portion of the map symbol itself 

could be used directly to represent the AOR. 

Thus, approximately 200to 800 of the 6,104 plugged and abandonedwells in the basin are located 

within 0.5 mi (0.8 km)of a field with an EOR injection operation active in 1989 (approximately 5,304 to 

5,904 are more than 0.5 mi [0.8 km] froman active EOR operation) (table 9). As few as 20 to as many 

as 800 plugged and abandoned wells in the San Juan Basin were within 0.5 mi (0.8 km) of a SWD well 

active in 1989 (approximately 5,304 to 6,084 wells are beyond the 0.5-mi [0.8-km] radius) (table 9). 

Approximately 20 to 120 plugged and abandoned wells are within 0.5 mi (0.8 km) of both afield with an 

active EOR injection operation and an active SWD well (table 9). 

Similar counting techniques were used to estimate the number of abandoned wells within the area 

of head buildupof the,foutEOR wells.and ten SWD.wellsexaminedpreviously. ThecalculatedAORradii 

were read from the head-buildup plots and the areas of the corresponding circles were computed. The 

estimate of the number of abandoned wells, as with the high estimate for the fixed radius method, assumes 

that all abandoned wells for a particular cell are located within the AOR in that cell. Again, if an AOR 

extends into more than one cell, then a factc>r representing the percenta.ge of the AOR in each cell must 

be incorporated into the computations. As shown in table 10, as many as 695 abandoned wells (rounded 

to nearest multiple of five) could lie within areas of head buildup for selected EOR injection wells. and as 

many as 329 abandoned wells could lie within areas of head buildup for selectedSWD wells after 40 yr 

of injection. Because the ages of theEOR and SWD wells vary,· the totals do not reflect.the numbers of 

abandoned wellswithin areas of head buildup at a.single.time.·As noted previously, the head-:-buildup 

calculations are likely to overestimate the actual head buildup in instances ofEORinjection.Jn addition, 

the calculations assume continuous injection at a constant (reported) rat.e, which is probably not accurate. 
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Table 9. Estimated number of abandoned wells within 0.5-mi (0.8-k01) fixed radius of Class II 
wens, San Juan Basin. 

· Number of abandoned wells within 0.5 mi offields 
with EOR. Injection projects active or Inactive in .1989 

Number of abandoned wells within 0.5 ml of fields 
• with EOR injection projects active In 1989 

Number of abandoned wells within 0.5 ml of fields· 
with EOR injection projects active In 1989 
and withln.posiiive residual areas 

!\lumber of abandoned wells within 0.5 mi of SWD wells 
active or inactive In 1989 

Number of abandoned wells within 0.5 mi of SWD wells 
active In 1989 

Number of abandoned wells within 0.5 mi of SWD wells 
active in 1989 and within positive residual aueas 

Number of abandoned wells within 0.5 mi of both an 
EOR injection project and an SWD well active in 1989. 

Abandoned wells in the vicinity 
of injection operations and disposal wells 

Low estimate High estimate 
300 1;200 

• 200 800 

10 30 

- 20 1,000 

20 800 

10 360 

20 120 



Table 10. &1imated number of abandoned wells within calculated head buildup of se•ected 
Cl~ II wells, San Juan Basin. 

EOR Injection 

Reservoir: 
. project, Number of abandoned wells 

operator; wi1hln area of review (3) 

well[1] 

Bisli • Lower Gallup, 305 
Wlllt Bl&tl PMP, 

Chevron U.S.A. Inc.; 
Wei No.140 

Cha Cha Gallup 110 
Humble Northwest Cha Cha-Gallup PMP, 

Mountain .States Plllrolaum Corp. 
(previously operated by 

• Subulban Propane Gas Corp.); 
Wei No. 2&-1'2 

HcxU8hce Gallup 230 
Humble H-'108 Gallup PMP No. 2, 

Marmac Petroleum Co . 
• (f0ffll8lly Solar Petroleum, Inc.); . 
WelNo.101 

Many Rocks Gallup 70 
Many Roc:ks-Galup PMP No. 1, 

Marmac Petroleum Co. 
(farlllBlly Solar Pelloleum, Inc.); 
WelNo.223 

Salt-Waler Dispoaal 

Operator, 
lease, well No. (2) 

Balin Oilpocal, Inc., 
Olsposal,Wel1F 

BHP P8lloflum, Inc., 
Gahgas canvan Uni, Well 31)7 L 

Conoco, Inc., 
Jlcallla 30, Wei 1 A 

Meridian 00, Inc., 
CedarHIIISWO,WeH1 B 

Meridian on. Inc., 
Mlddla Maa SWO, Well 1 L 

Meridian OU, Inc., 
P11mp canyon SWO, Wei 1 J 

Meridian Oil, Inc., 
San Juan~ Unit; Wei 112Y A 

Merrion 011 and Gas COfP., 
Fedaraf11C,WaH2P 

Merrion OU and Gas Co,p., 
Santa Fe 20, Wall 2 F 

r111any Gas eo., 
USG Section 19, Wei 171 _ 

~ 

total 6115 

tclal 

Number of abandoned wells 
within area of review (3) 

83 

4 

138 

4 

23 

2 

6 

17 

51 

329 

(1) ReNiYoir, cpnli,,, pn,jecl, and wel u lhown in~ 1890 EOR ropoll (New Mexico Oi c-tion Divilion, 1890d). 
(2) oi-r.,, pn,jecl, and ...iinoanber • lhown i, April 1890 SWO ropoll (New Mexico Oil Conae,vaticn_Diviliori, 111110c). 
(3) &limad llom ablndaned wel dillrtMion map usilg lilehnique de8':rmed i, Im 
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Total Number of Abandoned Wells in Potential Risk Areas 

The total population of abandoned wells in the San Juan Basin potentially at risk based on 

hydraulic factors is detennined by first adding (1) the number of abandoned wells within the positive 

residual areas ( table 9) and (2) the numbers of abandoned wells within the AORs of injection operations 

or disposal wells that are outside the positive residual areas. The number of wells that fall within multiple 

categories (such as wells within a positive residual area and an AOR, or wells within the AORs of both 

an EORinjection well and a SWD well) are then subtracted to avoid double counting. Based on a 0.5-mi 

(0.8-km) fixed radius and considering only EOR injection operations and SWD wells active in 1989, an 

approximate estimate of the number of abandoned wells in potential risk areas is 1,180 to 2,090, derived 

as follows: 

1,000 

+ 200to 800 

± 20to 800 

1,220 to 2,600 

10to30 

. l,210 to 2,570 

lOto. 360 

1,200 to 2,210 

20to 120 

1,180 to 2,090 

abandoned wells· within positive residual areas 

within 0.5 mi (0.8 km) of active EOR injection wells 

within 0,5 mi <0,8 km} of active SWD wells 

abandoned wells 

within 0.5 mi <0.8 km) ·of EOR injection wells and within positive residuals 

abandoned wells 

within 0.5 mi {0~8 km) of SWD wells and within positive residuals 

abandoned wells 

wells within 0,5 mi (Q.8 km} of both an EOR injection well and swo well 

abandoned wells in potential risk areas • 

Although this total would probably be different if a calculated radius were used, it appears that only a 

fraction of the 6,104 abandoned wells in the San Juan Basin lie within areas of natural or induced upward 

hydraulic gradients. 

55 



CASE STUDY-GREATER PERMIAN BASIN 

Background 

The greater Pennian Basin is a mature petroleum province covering an area of approximately 

110,000 mi2 (280,000 km2) in central and west Texas and southeastern New Mexico. In 1990, the basin 

produced nearly 1,530 mbd oil and 5,700 mmcfd gas from an estimated 135,850 oil wells and 21,400 gas 

wells (table 11 ), a significant contribution to the total U.S. production of? ,300 mbd oil and 46,600 mmcfd 

gas from 587,800 oil and 264,600 gas wells (data from Gruy Engineering Corp. (1989], updated with 

industry trends from World Oil [1989, 1990]). Oil and gas are produced from Ordovician- to Permian­

age reservoirs; the most productive formations in the basin range in depth from 2,000 ft to 7,000 ft 

(600 m to 2,100 m). However, significantvolumes of gas (nearly 10.5 Tcf [297 million m3] through the 

end of 1986) have also been produced from formations deeper than 15,000 ft (4,600 m). 

Ground water in the greater Permian Basin is produced primarily from aquifers in Cretaceous 

(Trinity and Edwards-Trinity [Plateau]), Tertiary (Ogallala), and Quaternary (Seymour) and 

indeterminate Cenozoic (Pecos alluvium) units. Minor aquifers occur in Cambrian-Ordovician 

(Hickory and Ellenburger-San Saba), Permian (Capitan Reef Complex, Rustler, and Blaine), Triassic 

(Dockum), and Quaternary (Lipan)units (Ashworth and Flores, 1991). 

Data Sources 

Reservoir Pressure and Aquifer Water-Level Data 

Data on oil and gas reservoir locations, completion depths, and pressures were primarily obtained 

from the WHCS data base maintained by Pl Table 12 summarizes the well counts and the number of 

pressure data values retrieved from this data base. It should be noted that the numbers of wells in table 12 

do not agree with those in table 11, reflecting the differences in sources of data (values updated from 
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Table 11. Estimated numbers of producing and abandoned oil and gas wells as of the end of 
1989, greater Permian Basin. 

011 Gas Total Total Class II lnlectors 

RRC 
State Dist. 

N. Mexico 

Texas 7b 

7c 

8 

ea 

9 

TOTAL= 

Total (Texas)(5] = 

% covered (TX) .. 

Producers 
[1] 

15,500 

14,800 

12,700 

42,100 

23,600 

27,150 

135,850 

186,200 
64.6 

Abandoned 

Producers r2 
12,000 

22,500 

19,300 

63,150 

35,400 

40,750 

193,100 

281,100 
64.4 

Infield 

Drv r21 
6,800 

21,650 

18,600 

31,600 

8,500 

38,000 

125,150 

185,200 
63.9 

Other 

Drv r2,31 
3,400 

7,900 

6,800 

10,750 

3,100 

12,900 

44,850 

65,300 
63.5 

Producers 

m 
4,000 

5,900 

5,000 

2,600 

250 

3,650 

21,400 

46,800 

37.2 

Abandoned 

Producers r21 
350 

4,000 

3,400 

1,750 

200 

2,400 

12,100 

31,500 

37.3 

Infield 

Drv r21 
1,050 

8,650 

7,300 

1,950 

100 

5,100 

24,150 

47,700 
48.4 

Other 

Drv (2,31 

500 

3,150 

2,650 

650 

50 

1,750 

8,750 

17,000 
48.5 

O&G 

Producers 
19,500 

20,700 

17,700 

44,700 
23,850 

30,800 

157,250 

233,000 
59.1 

O&GDry& 

Abandoned 
24,100 

67,850 

58,050 

109,850 

47,350 

100,900 

408,100 

627,800 

61.2 

Notes: 1. Producing well counts are from table 1 In Gruy Engineering Corp., 1989, updated with published Industry trends. 

EOR r41 
4,600 

4,700 

1,000 

15,200 

12,700 

7,900 

46,100 

48,600 
85.4 

2. The population of abandoned producers, Infield and other dry wells Is a calculated fraction of the producers using Gruy table. 

3. The Other Dry category Includes wildcat, new pool/field extension and test wells. 

4. Class II Injection wells Include all permitted wells (source: ARC UIC & NMOCD data bases). 

5. Total (Texas) well populations Include aH RAC districts. 

SWD(41 

600 

2,700 

900 

3,300 

1,300 

4,600 

13,400 

21,250 
60.2 



Table 12. Well populations and pressure data counts from. Petroleum Information Inc., 
greater.Permian Basin. • 

Permian Permian 
Category N.Mexlco Texas Totals 

Oil wells 48307 226151 274458 
Gas wells 6819 21868 28687 
W.I. wells. 3839 15034 18873 

Dry l~,w Field wildcats not available 39371 39371 
Dry Outposts & Extensions 730 894 1624 
Dry;Shallower Pool Tests 752 1095 1847 
Dry Deeper Pool Tests 2656 4607 7263 
Dry New Pool Wildcats n5 442 1217 
Dry Development Wells 7162 30808 37970 

Subtotal 12075 n217 89292 

# Avg. Sl"lut-inTubing Pressures: pre-1950 6 33 39 
# Avg. Shut~ Tubing Pressures: 1950-59 50 240 290 
# Avg. Shut-in Tubing Pressures: 1960-69 91 582 673 
# Avg. Shut-in Tubing Pressures: 1970-79 120 461 581 
# Avg. Shut-fflTubingPressur:es: 1980-89 2.54 .1564 1818 

Subtotal 521 2880 3401 

# Avg. Bottomhole Pressures: pre-1950 2 5 -7 

# Avg. Bottomhole Pr8$SUres: 1950-59 8 21 29 
# Avg: Bottomhole Pressures: 1960-69 36 371 407 
# Avg. BottomholePressures: 1970-79 • 27 327 354 
# Avg~ Bottomhole Pressures: 1980-89 21 31 52 

SUbtotal 94 755 849 

.. 

# Avg. DST FSIPs: pre-1950 
-~-.. : 

5 26 31 
# Avg. DST FSIPs: t950-59 67 452 519 
# Avg. DST FSIPs: 1960-69 100 500 600 
# Avg. DST FSIPs: 1970-79 111 392 503 
# Avg. DST FSIPs: 1980-89 82 251 333 

Subtotal 365 1621 1986 

(1) Oil and gas well.counts include producers and infield dry, but not abandoned producers. 
(2) DST FSIPs are final shut;.in fonnation pressures during drillstem tests. 
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Gruy Engineering [ 1989] versus PI). Of the 6,236 average pressure values obtained from PI, 3,401 were 

average surface shut-in tubing pressures, 849 werebottomhole pressures, and 1,986 were bottomhole­

drillstem test·pressures. 

As in the San Juan Basin study, not all of these pressure values could be used. In the absence of 

measured bottomhole pressures, bottomhole pressures were calculated from surface SITPs using pressure 

gradients obtained from Dwight's Natural Gas Well Production Histories data base (Dwight's Energydata 

Inc., unpublished data, 1990). To determine gradients, reservoirs in the PI data base were matched to the 

same or equivalent (in location, depth, and fonnation) reservoirs in the Dwight's data base,which contains 

both the surface and bottomhole pressures. If the surface shut-in pressures were comparable in the two data 

bases, then an average fluid gradient was computed from. the Dwight's data and applied to the PI datafor 

detennining the bottomhole pressure. Approximately 900 gradient values for the greater Permian Basin 

were calculated and applied in this fashion. Overall, 2,077 pressure values (one per reservoir) for the 

greater Permjan Basin were used for mapping, including 220 values extracted from other data bases 

maintained at the Bureau of Economic Geology. Of the 2,077 values, 1,793 represented reservoirs 

shallower than 10,000 ft (3,000 m) (436 Permian reservoirs, 1,205 Pennsylvanian, and 152 lower"" to 

middle-Paleozoic [Ordovician, Silurian-Devonian, and· Mississippian]). The remaining 284 values 

represented reservoirs deeper than 10,000 ft (3,000 m). 

Water-level data for the USDW aquifers were obtained from the 1WDB and. the USGS (for 

New Me~co). Only those wells in which thestaticwaterlevelhad been measured between 1980and 1990 

were used. 

Abandoned Well•Data 

In the same fashion as the San Juan Basin case study, the numbers of abandoned wells were 

updated from Gruy Engineering (1989) by incorporating trends in U.S. well drilling and completions 

(World Oil, 1989, 1990). A total of 43,290 abandoned wildcats was estimated based on data provided by 

Pl An updated total of 351,886 abandoned wells other than dry new-field wildcats was estimated as 
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detailed in the Methods section. The sum of the 43,290 abandoned wildcats and 351,886 abandoned non­

wildcats yields an overall total of 395,176 abandoned wells for the greater Pennian Basin. In comparison, 

Gruy Engineering Corp. (1989, their table 1) estimated a 1988 total of 390,051 abandoned non-wildcats 

fortheDelawareBasin,PennianBasin,andNorthandCentra1Texasregions(basins34,42,and43defined 

by Michie & Associates [1988]), a somewhat larger area. 

Oass II Injection Data 

Information on Class II injection well locations and injection volumes and pressures was obtained 

from State agencies in Texas and New Mexico. During the period March-May 1990, 40,720 of the 

59,416 SWD and EORinjection wells in .the greater Permian Basin were active or shut-in (data from 

Railroad Commismon of Texas [RR.CJ andNMOCD files) (table 13); the remaining 18,696 ~ II wells 

were abandoned. Additional data processing was required to convert the available injection well data into 

a usable format for mapping. Because injection-well locations were listed with reference to section and 

.block boundaries, latitude and longitude coordinates had to be calculated. Locations of~ II wells in 

southeast New Mexico were converted from township-range-section-unit .format to latitude-longitude 

coordinates using a computer program. Latitude-longitude coordinates for 35,088·active, shut-in, and 

abandoned Class II wells in the Texas portion of the basin were obtained from PI by matching their API 

numbers to wells in the PI data base. Coordinates for the remaining Texas injection wells. could not be 

exactly determined; their distribution was compiled simply by county (table 14). 

Of the40,720 active or shut-in SWDand EORinjection wells, complete records on well locations, 

depths, and injection volumes and pressures existed for 18,293 (4,146 in New Mexico and 14,147 in 

Texas). These wells with complete records consisted largely ofEOR injection wells (15,857 versus 2,436 

SWD wells). Two broad areas in the greater Permian Basin exhibit relatively high populations of Class 

II wells for which complete records were available (fig. 20). The first area extends from Cochran and 

Hockley Counties south to Ward and Crane Counties, Texas, and west to Chaves and EddyCounties,New 

Mexico. The other area is a narrower band in Garza, Scurry, Mitchell, and Howard Counties in 
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Table 13a. Number of Class II SWD and EOR injection wells, greater Permian Basin. 

Not N of Not Not 
TX SWD active and laVlong wells 
RAC &EOR shut-in SWD coordinates used in 
Dist. wells &EORwells obtained study* 

7B 7,387 3,968 2,244 1,259 

7C 1,889 1,024 1,597 532 

8 18,487 13,517 16,802 5,819 

SA 14,007 11,079 ·13,182 5,559 

9 12,503 6,986 1,263 978 

Total 54,273 36,574 35,088 14,147 

* See table 13b. 

Table 13b. Number of active and shut-in Class Il SWD and EOR injection wells used for 
analysis, greater Permian Basin. Wells in this study include only active or shut-in. wells for 
which data indicating the top and[m: the bottom of the injection zone as well as permitted 
injection pressure awl volume are given, awlforwbicb latitude-longitude location coordinates 
could be obtained. 

TX Total N N of Nof 
RAC of wells SWDwells EQBMIII 
Dist. used in study active shut•in active shut-in 

7B 1,259 348 69 732 110 

7C 532 194 19 267 52 

8 5,819 609 130 4,383 697 

SA 5,559 328 50 4,712 469 

9 978 271 32 550 125 

Total 14,147 1,750 300 10,644 1,453 
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Table 13c. Number of Class II EOR injection wells in southeastern New Mexico portion, 
greater Permian Basin (data from May 1990 injection report). 

N of EOR injection wells active or shut-in during May 1990 (used in study) 

N of plugged and abandoned EOR injection wells 

N of 'CONVERTED' wells (cumulative injection volume given, but pressure 
blank; wells converted to production) 

Total N of EORinjection wells in May 1990 inj; report (includes abandoned, 
active, and shut-in) 

• 82% of all. EOR injection wells in southeast New Mexico were active or shut-in in 
May 1990 - all were used in this study. 

3, 760* 

795 

18 

4,573 

Table 13d. Number of Class Il SWD injection wells in southeastern New Mexico portion, 
greater Permian Basin (data from Mayl990 injection report). 1 ~; 

N of SWD injection wells active or shut-in in April 1990 (used in study) 

N·of plugged and abandoned SWD injection wens 

N of disconnected SWD injection wells 

Total N. of SWD wells in April 1990 disposal report (includes abandoned, 
active, and shut-in) 

•68% of all SWD wells in southeast New Mexico were active or shut-in in 
April 1990 - all were used in this study. 

62 

386* 

140 

44 

570 



Table 14. Number of Class II wells by county, Texas portion, greater Permian Basin. 

County # of well• County # of wells County # of wells 

Andrews 3448 Gaines 2061 Nolan 35? 
Archer 2015 Garza 526 Palo Pinto 171 

Baylor 201 GI~ 228 Parker 17 

Borden 299 Grayson 323 Pecos 1498 

Brown 342 Hale 149 Reagan 248 

Callahan 786 Hamllton 5 Reeves 223 

Clay_ 771 Hardeman 44 Runnels 188 

Cochran 1371. Haskel 266 Schleicher 75 

Coke 234 Hockley 2747 Scurry 1709 

. Coleman 385 Hood 4 Shackelford 1057 

°' Comanche 28 Howard 1621 Stephens 1157 
w 

Concho 24 lrlon 132 Sterling 112 

Cooke 1304 Jack 725 Stonewall 491 

Cottle 10 Jones 418 Sutton 32 

Crane 1992 Kent 277 Taylor 337 

Crockett 479 King 225 Terrell 

Crosby 73 Knox 272 Terry 638 

Culberson 223 Lamb 86 Throckmorton 638 

Dawson 623 Loving 177 Tom Green 145 

Denton 21 Lubbock 224 Upton 646 

Dickens 16 Lynn 75 Ward 2083 

EasUand 572 Martin 186 Wichita 3787 

Ector 4183 McCulloch 18 Wilbarger 876 

Edwards 5 Menard 30 Winkler 1368 

Erath 13 Midland 357 Wise 216 

Fisher 323 Mitchell 986 Val Verde 18 

Floyd 2 Montague 644 Yoakum 2488 

Foard 39 Motley 14 Young 1361 
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Figure 20. Contour map of Class ll wells at a 0~1 ° x0.1 ° scale, greater Permian Basin; 10-injection­
well per cell. contour delineated with bold outline. 

west-cerifralTexas.lnjectionwelldensitiesintheseareasrange.from 100toover40Chvellsper0.1°x0.1° 

grid cell, that is, approximatelf 2.6 to 10 wells per mi2 (1 to 4 wells per kJD2). 

Initial Hydraulic Conditions 

Pressure-Depth Profiles 

Figure 21 shows the variation of maximum bottomhole pressures with depth for 329 lower'- to 

middle-Paleozoic, 1,347 Pennsylvanian, and 481 Pennian reservoirs in the greater Pennian Basin. It 
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Figure 21. Current (1991) 
bottomhole pressure versus depth 
in (a) Permian, (b) Pennsylvanian, 
and (c) lower- to middle-Paleozoic 
reservoirs, greater Permian Basin . 
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should be noted that more data points were used for constructing the pressure-depth plots than for mapping 

because of unknown loc!ltions and other ~asons previously mentioned. BHP values tend to lie along or 

below the line ~resenting the brine hydrostatic gradient (slope= 0.465 psi/ft [10.5 kPa/m]). The IDS 

concentration corresponding to this specific weight (approximately 112,000 mg/L) lies within the range 

of IDS values in Permian Basin fonnation waters (45,000-385,000 mg/L) reported by Bein and Dutton 

(1993). Initial and current reservoir pressures from the Tertiary Oil Recovery Infonnation System 

(TORIS) (U.S. Department of Energy, Bartlesville Project Office, unpublished data, 1989) (fig. 22) and 

Oil Atlas (fig. 23) data bases for the Permian Basin are shown for comparison. Initial pressure values, while 

not necessarily from the same reservoirs, were closer to hydrostatic than the maximum pressure values 

from theWHCS data base, which suggests that those data were affected in part by hydrocarbon production. 

Some overpressuring is suggested in the pressure-depth plots of figure 21, especially in Pennsylvanian and 

Permian reservoirs deeper than 10,000 ft (3,000 m). 

Water-level measurements from across Texas and southeastern New Mexico (including areas 

outside the greater Permian Basin) were converted to BHPs using a fresh-water hydrostatic gradient 

(0.433 psi/ft [9.79 kPa/m]), then plotted versus depth. The aquifers were grouped into hydrostratigraphic 

units based on the ages of the host formations; pressure-depth plots are shown for the lower Paleozoic 

(Cambrian-Ordovician), Permian, Triassic, Cretaceous, and Tertiary units in the greater Permian Basin 

and adjoining areas (fig. 24). In general, the pressures in the aquifers are fresh-water hydrostatic or slightly 

subhydrostatic.AsdiscussedfortheSanJuanBasin,subhydrostaticconditionsmayreflectdepressurization, 

particularly in the Ogallala (Tertiary) aquifer, which has been drawn down due to intensive pumpage for 

irrigation and municipal use (Nativ, 1988). 

Computer-Generated Potenti.ometric Surfaces 

Potentiometric surfaces were constructed for four combined hydrocarbon-producing intervals: 

three hydrostratigraphic units at depths of <10,000 ft ( <3,000 m) (lower to middle Paleozoic, 

Pennsylvanian, and Permian) and a fourth unit representing all reservoirs at depths of > 10,000 ft 
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Figure 22. Plo1s of (a) initial and (b) current bottomhole pressure versus depth, greater Permian 
Basin, from Tertiary Oil Recovery Infonnation System data base. The line of poin1s subparallel 
to the 0.465 psi/ft line may reftect calculated rather than measured values. 

67 



(a) o 

n::582 

4 

• 
i: 
8 ... - • t 8 • 
& 

• • 
12 

16 

0 2 4 6 8 10 

llittlal reservc,,lr pressure (1000 psi) 

0 

(b) n=249 

4 

i: ........ 
§ \ .. ,. ·•) 

• ... 
8 . :•· . • •• - • t • •• • • • • 91• • -• • • • • Q • • • • • • • • 

• • • • 
12 . "'. • • • • • :·. 

16-t--,---,---,,--,,--,--,--...-""T""'-,--.---r--,.--..--,-+--,-....,..--,,--,--i 
0 2 4 6 8 

Current reservoir pressure (1000 psi) 
10 

0Aa187Sc 

Figure 23. Plo1s of (a).initial ·and (b) current bottomhole p~ure versus depth,· greater Permian 
Basin, from Oil Adas data base. • 
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(>3,000 m). BHP data were converted to hydraulic head for each unit using a specific formation-fluid 

weight of 0.465 psi/ft. P9tentiometric surfaces for all Permian reservoirs <10,000 ft ( <3,000 m) deep and 

deep reservoirs are shown as examples in figures 25 and 26. In general, these surfaces reflect hydrostatic 

and subhydrostatic pressure environments. For reservoirs <10,000ft ( <3,000 m) deep,small overpressured 

areas are observed in the Permian unit along the Northwestern Shelf (fig. 25), in the Pennsylvanian unit 

inthenorthempartoftheCentralBasinPlatform,andinthelower-tomiddle-Paleozoicunitnearthecenter 

oftheMidlandBasin.Oveipressuringinreservoirs>10,000ft(>3,000m)deepisobservedintheDelaware 

Basin beneath the Pecos River Valley (fig. 26). 

USDW s in the greater Permian Basin were grouped into four hydrostratigraphic units by age 

(Permian, Triassic, Cretaceous, and Cenozoic), for which potentiometric surfaces were constructed. The 

Cenozoic USDW potentiometric surface, which largely represents the Ogallala aquifer beneath the 

Southern High Plains, is shown as an example in figure 27. This surface exhibits regional highs in New 

Mexico and west Texas; in general, the USDW surfaces are subdued replicas of the regional topography, 

with flow directed from higher elevations toward lower elevations. 

Residual Surfaces 

Residual surfaces were generated for overlapping pairs of reservoir and USDW potentiometric 

surfaces, as shown for the Permian reservoirs (<10,000 ft [<3,000 m] deep) and Cenozoic USDW pair 

(fig. 28) and reservoirs> 10,000 ft-(>3,000 m-) Cenozoic USDW pair (fig. 29). Positive residuals from 

all pairs of potentiometric surfaces, including those not shown, are superposed in figure 30. This map 

depicts the maximum extent of areas of upward hydraulic gradient from reservoirs to USDW s. 

Upward hydraulic gradients are evident between the shallow Permian reservoir surface and the 

Triassic, Cretaceous, and Cenozoic USDW potentiometric surfaces in the middle Pecos River valley. 

Through numerical modeling, Senger (1991) showed that ground water discharges from Pennsylvanian 

and Permian units in the Pecos River valley farther north, to the west of the Palo Duro Basin. The 

hydrogeologic cross-sections of Summers (1981) also indicated that ground water discharges from 

70 



. . . ~ .. 

"'-.a"~ 

,: 
)J~\ (3:. ""( 
~ .. 

N 

• Reservoir centroid 

0 60 mi 
I , I I I 
0 80 km 

Contour interval variable (ft) 
QAa6342c 

Figure 25. Computer-generated potentiometric surface of Permian reservoirs <10,000 ft 
( <3,000 m) deep, greater Pennian Basin. 

Permian units at depths of 1,000--2,000 ft (300-600 m) in the Pecos River valley near Roswell and 

·carlsbad, New Mexico. Although positive residuals were also mapped between reservoirs >10,000 ft 

(>3,000 m) deep and the Cenozoic, Cretaceous, and Triassic USDWs in the valley, both Senger (1991) 

and Summers (1981) indicated that some underflow occurs beneath the Pecos within Permian units 

<10,000 ft ( <3,000 m) deep. Therefore, the occurrence of upward hydraulic gradients between the deep 

reservoirs and the USDW s is open to question. 

Along the Eastern Shelf, scattered positive residuals occur between the shallow ( <10,000-ft 

[<3,000-m] deep) Permian reservoir potentiometric surface and the Cenozoic and Permian USDW 
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Figure 27. Computer-generated potentiometric surface of combined Cenozoic USDWs, greater 
Permian Basin. 

potentiometric surfaces and between the shallow Pennsylvanian reservoir potentiometric surface and the 

Cretaceous and Permian USDW potentiometric surfaces. These positive residuals may in part reflect 

natural, basin-scale fluid circulation. Deep brines in the Permian Basin flow under natural potentiometric 

gradient from the west to the east, where they discharge upward (Dutton and others, 1989; Richter and 

others, 1990; Bein and Dutton, 1993). 

The most extensive area of positive residuals occurs in the eastern Delaware Basin, Central Basin 

Platform, and western Midland Basin. Residual mapping indicates areas of upward gradient from each 

of the reservoir potentiometric surfaces to each of the USDW potenti.ometric surfaces, with hydraulic 
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Figure 28. Residual of computer-generated potentiometric surface of Pennian reservoirs 
<10,000 ft ( <3,000 m) deep minus computer-generated potentiometric surface of Cenozoic 
USDWs, greater Permian Basin. Stippled areas represent positive residuals adequately 
supported by nearby data points. 

head differentials as large as 6,000 ft (1,800 m). Although Nativ (1988) and Nativ and Gutierrez (1988) 

mapped some areas of upward flow from the Dockum aquifer into the Ogallala aquifer beneath the 

SouthemHighPlains,thehydrogeologiccross-sectionsofSummers(l981),DuttonandSimpkins(1989), 

and Senger (1991) indicated that flow is primarily directed downward from the Ogallala to the Dockum. 

In theory, upward gradients could possibly be induced by drawdown of the Ogallala water table and 

overpressuring due to Class II injection. However, drawdown due to irrigation was generally <50 ft 

(<15 m) in the southern Panhandle of Texas as of 1980 (Nativ, 1988). Moreover, the pressure changes 
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Figure 29. Residual of computer­
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reservoirs >10,000 ft (>3,000 m) deep 
minus· computer-generated potentio­
metric surface of Cenozoic USDWs, 
greater Pennian Basin. Stippled areas 
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associated with drawdown of the water table and Class II injection are unlikely to propagate through 

several thousand feet of intervening strata. Therefore, the positive residuals mapped in this area may be 

fictitious. Using a 0.465 psi/ft gradient may have overestimated hydraulic head in reservoirs with TDS 

> 112,000 mg/L, such as in the Wolfcampian (Pennian) section (Bein and Dutton, 1993). 

Abandoned Well Locations 

Figure 31 depicts the distribution of all plugged and abandoned wells at a 0.1 ° x 0.1 ° scale. The 

• majority of these areas are clustered in the northeastern part of the greater Pennian Basin, with smaller 
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Figure 30. Composite map of all positive 
residuals in greater Permian Basin; 
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clusters farther west. Table 15 sorts the estimated abandoned well populations by age (in 10-yr intervals) 

and by total depth. The total number of abandoned wells in the greater Penman.Basin that can be derived 

fromtablel5(395,176)isslightlylessthanthatgivenintable11(408,100);thetotalintablel5wasderived 

in part using data from PI, whereas the total in table 11 was not 

The mechanical integrity of older wells might be of concern due to, among other factors, less 

stringenrconstruction and abandonment standards in past decades and lengthy periods of exposure to 

corrosive brines. Of 395,176 abandoned wells (other than Class II wells) estimated to exist in the basin 

as of 1990, 194,760wells ( 49percent)were abandoned prior to 1960. Deeper wells are of potential concern 

because of· the larger number of saline units encountered; however, only 5,560 abandoned wells 

(1.4 percent) are deeper than 10,000 ft (3,000 m). 

The extent of positive residual areas was constrained by eliminating those areas in which data from 

reservoirs and USDWs were deemed insufficient The remaining positive residuals were superimposed 

on the abandoned well distribution map to estimate the number of abandoned wells in areas of upward 

hydraulic gradient (table 15). Approximately 80,185 abandoned wells are located within constrained 

positive residuals. 
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Figure 31. Contour map of the estimated distribution of abandoned wells ata 0.1° x0.1° scale, greater 
Permian Basin. 

Effects of Class II Injection 

.. Head-Buildup Calculations for Selected EOR Injection Well 

Head,-buildup calculations were conducted for an injection well in a high-volume EOR pre~ure 

maintenance project (F0694) in the greater Permian Basin for comparison with actual reservoir conditions. 

Injection data (table 16) were taken from a survey of EOR operations by the RRC (fexas Petroleum 

Research Committee, 1976). The calculated hydraulic-head buildup due to continuous injection is shown 

as a function of distance from the well in figure 32. The differential between the potentiometric surface 

of Pennsylvanian reservoirs <10,000 ft (<3,000 m) deep and the potentiometric surface of Triassic 
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Table 15. Estimated numbers of (a) abandoned wells, (b) abandoned wells within comtrained 
positive residuals, and ( c) abandoned wells within constrained positive residuals in areas containing 
approxinul;tely one Cl~ II well per knr, greater Permian Basin. Numbers of abandoned wildcats 
based on Pl data; total n_umbers of abandoned wells computed from wildcat data using factors from 
Gruy's table 1. - • -

(a) New Mexico Texas 

Avg. total depth (ft) <10000 <10000 >10000 >10000 <10000 <10000 >10000 >10000 
lwlldc:at■ lall ■band. lwlldc:at■ tall ■band. lwildcata tall aband. lwlldcat■ tall ■band. 

Year 

<1950 737 5,099 19 131 8,870 78,324 38 480 

1950-59 775 5,361 79 547 13,786 104,077 57 741 

1960-69 859 5,943 62 429 6,764 66,776 65 778 

1970-79_ 484 3,348 29 201 5,588 65,890 106 1,144 

1980-89 324 2,241 19 131 4,547 52,557 82 978 

All Year■ 3,179 I 21,992 I 208 I 1,439 39,555 I 367,624 I 348 I 4,121 

(b) New Mexico Texas 

Avg. total depth (ft) <3000 3000-10000 >10000 Total■ <3000 3000-10000 >10000 Total■ 

Year 

<1950 104 804 0 908 7,788 11,359 129 19,276 

1950-59 272 863 21 1,156 8,594 18,627 796 28,017 

1960-69 146 1,444 7 1,597 4,140 9,568 723 14,431 

11170-79 334 217 28 579 1,715 5,807 666 8,188 

11180-811 63 105 56 224 1,095 3,659 1,055 5,809 

All Year■ 919 I 3,433 I 112 I 4,464 23,332 I 49,020 I 3369 I 75,721 

(c:) New Mexico Texas 

Avg. total depth (ft) <3000 3000-10000 >10000 Total■ <3000 3000-10000 >10000 Total■ 

Year 

<1950 104 1,117 0 1.221 1,411 5,705 103 7,219 

1950-511 160 424 21 605 1,392 5,236 662 7,290 

1960-69 132 715 7 854 435 2,926 441 3,802 

11170-79 264 28 21 313 80 1,552 241 1,873 

11180-89 14 7 35 56 3() 978 626 1,634 

All Year■ 67' I 2,291 I 84 I 3,049 3,348 I 16 397 I 2,073 I 21,818 
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Table 16. CharacJeristics of selected enhanced-recovery injection projection F0694, greater 
Permian Basin. 

Heservoir pressure aa1e1 voIume 01 11uta UH proa. from proJecl area 

# Projed Ave. Sulfaci lnJected, from from disc. lo from first 

Depth lnJ. rale Project lnJ. . ... Perm. Poro11. net pay lnJ. press. 01lglnal first • InJecllon latest first lnJ. to 1ne, 1.lrst lnJ. lnJ. to 1ne 
(It) (BPO/well) type wells (acrN) (md) (%) (II) (psi) (psi) (psi) (psi) all wells (mbbl) (mbbs) (mbbl) 

5900 3850 FM 6 3213 10 0.05 155 1400 2335 (1/52) 2027 (6/60) 2031 (1/76) 19,797 6,912 37,690 

I 

PM - pressure maintenan~ 
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Figure 32. Calculated hydraulic-head buildup around well in enhanced-recovery injection project 
F0694, greater Permian Basin. 

USDWs is approximately-1,333 ft (-410 m), that is, there is a potential for downward-directed flow. 

Without accounting for depressuri7.ation of the reservoir due to production, the hydraulic gradient could 

be reversed by the effe.cts of injection, leading to upward flow within a radius of 780 ft (240 m) after 1 yr 

and 3,090 ft (940 m) after 15.5 yr (appendix VI). However, the actual reservoir pressure following 

15.5 yr of injection (2,031 psi [14.0 MPa]) was less than the initial reservoir pressure (2,335 psi 

[16.1 MPa]), which most likely is due to hydrocarbon and brine production. 

Total Number of Abandoned Wells in Potential Risk Areas 

Of the 18,293 active or shut-in Class II wells for which complete records existed, 7,669 were 

within positive residual areas constrained by adequate data: 722 in the New Mexico portion of the basin 
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and 6,947 in the Texas portion (including 30 deeper than 10,000 ft [3,000 ml). The number of 

abandoned wells within constrained positive residuals containing (for example) ten or more Class Il wells 

per cell (approximately one Class Il well per 3.85 mi2 [ 10 km2]) was 24,867. Of those, 16,335 were 

plugged before 1960, a reduction of nearly 96 percent from the total population of abandoned wells in 

the basin. Therefore, prioritizing abandoned wells for further evaluation based on multiple criteria such 

as location within positive residuals, proximity to injection wells, and age significantly reduces the 

number of abandoned wells to be examined at the field scale. 

CASE STUDY-SOUTH 1EXAS BASIN 

Background 

The South Texas Basin occupies an area of approximately 30,000 mi2 (78,000 km2). As defined 

by Michie & Associates (1988) and Gruy Engineering Corp. (1989), the basin includes all of RRC 

District 4, whereas this study excludes the ten counties nearest the Gulf Coast (Cameron, Willacy, 

Kenedy, Kleberg, Nueces, San Patricio, Aransas, Hidalgo, Brooks, and Jim Wells) in that district. 

However, this study includes reservoirs along the San Marcos Arch in RRC District 1, whereas Michie 

& Associates (1988) and Gruy Engineering Corp. (1989) did not. Significant hydrocarbon production 

occurs at depths from 1,000 ft to 14,000 ft (300 m to,4,300 m) in Tertiary fonnations, which are 

compartmentalim:l by faults and low-penneability strata. Cretaceous carbonate and elastic rocks along 

the San Marcos Arch and in the Rio Grande Embayment also contain major oil and gas reservoirs 

(Galloway and others, 1983; Kosters and others, 1989). As of 1990, the basin contained approximately 

20,600 oil-producing wells, 5,300 gas-producing wells, and 77,050 plugged and abandoned wells 

(table 17) (data from Gruy Engineering Corp. [1989], updated with industry trends from World Oil 

[1989, 1990]). 

Ground water in the South Texas Basin is produced primarily from Tertiary units overlying the 

hydrocarbon-producing fonnations. In the northern and northwestern portions of the study area, the 
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Table 17. Estimated numbers of producing and abandoned oil and gas wells at the end of 1989, 
South Texas B~in. 

011 Gu Tolal Total Clas• II Injector• 
Abandoned Infield other Abandoned Infield other OIG OIGDryl 

Producer■ [11 Produoer11 [21 Dry(2) Dry [2,3] Producw, (11 Produoer11 [21 Dry[21 Div [2,31 Produoen, Abandoned EOR[-4I SWD(4I 

18,900 28,750 25,100 9,150 1;300 900 1,700 850 20,200 88,250 1,850 800 
1,700 2,800 1,200 450 4,000 2,700 2,850 1.000 5,700 10,800 1,450 1,400 

20,600 31,350 28,300 9,800 1,300 3,800 4,550 1,850 25,900 n,oso 3,300 2,200 

Note,: 1. Producing well counte are from table 1 In Gruy Engineering Corp., 1989, updated whh publl,hed Industry trendl. 
2. The population ol abandoned producer•, lnlteld and other dry well• la a calculatad lractlon of Iha producers using Oruy table. 
3. The Other Dry category Include• wlldcat, new pool/lleld extension and test wells. 
4. Claea II lnJecllon wells Include all PJnnltled wells (aourca: RAC UIC databa&e). 



Eocene-age Wilcox Group and Canizo Fonnation are major aquifers and the overlying, Eocene-age 

Queen City and Sparta Fonnations are minor aquifers (Ashworth and Flores, 1991). To the south, 

Miocene/Pliocene-age units, including the Oakville, Goliad, Willis, and Lissie Fonnations, constitute the 

Gulf Coast aquifer (Ashworth and Flores, 1991). 

Data Sources 

Reservoir Pressure and Aquifer Water-Level Data 

Data on oil and gas reservoir locations, completion depths, and pressures were primarily obtained 

from the WHCS data base ( table 18). As in the case of the greater Pennian Basin, the numbers of wells 

in table 18 do not agree with those in table 17, reflecting differences between the updated counts from 

Gruy Engineering Corp. (1989) and the PI (WHCS) data. More than 96 percent of the WHCS reservoir 

pressure measurements from the South Texas Basin (3,027 of 3,143 values) were surface shut-fa tubing 

pressures. In the same fashion as for the greater Pennian Basin, SITPs were converted to BHPs using 

approximately 1,550 calculated pressure-gradient values. Overall, 1,332 pressure values (one per 

reservoir) for the South Texas Basin were used for mapping, including 220 values extracted from other 

data bases maintained at the Bureau of Economi~ Geology, These values represented 987 Tertiary 

reservoirs and 345 Cretaceous reservoirs. 

Water-level data for the USDW aquifers were obtained from 1WDB; as in the greater 

PennianBasin, only those wells in which the static waterlevel had been measured between 1980 and 1990 

were used. 

Abandoned Well Data 

As in the first two case studies, the numbers of plugged and abandoned wells were updated from 

Gruy Engineering Corp. (1989) by incorporating trends in U.S. well drilling and completions (World Oil, 
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Table 18. Well populations and pressure data counts from Petroleum Information Inc., 
South Texas Basin. 

South 
Category Texas 

Oil wells 36678 
Gas wells 11039 
W.I. wells 204 

Dry New Field wildcats 1.6388 
Dry Outposts & Extensions 820 
Dry Shallower Pool Tests 123 
Dry Deeper Pool Tests 254 
Dry New Pool Wildcats 1n 
Dry Development Wells 11069 

Subtotal 28831 •. 

# Avg. Shut-in Tubing Pressures: pre-1950 78 
# Avg. Shut-in Tubing Pressures: 1950-59 388 
# Avg. Shut-in Tubing Pressures: 1960-69 516 
# Avg. Shut-in Tubing Pressures: 1970-79 923 
# Avg. Shut-in Tubing Pressures: 1980~89 1122 

Subtotal 3027 

#Avg.Bottomhole Pressures: pre-1950 1 
# Avg. Bottomhole Pressures: 1950-59 2 
# Avg, .Bottomhole Pressures: 1960-69 7 
# Avg. Bottomhole Pressures: 1970-79 4 
# Avg. Bottomhole Pressures: 1980-89 7 

Subtotal 21 

# Avg. DST FSIPs: pre-1950 10 
# Avg. DST FSIPs: 1950-59 46 
#Avg.DST FSIPs: 1960-69 32 
#Avg.DST FSIPs: 1970-79 4 
#Avg.DST FSIPs: 1980-89 3 

Subtotal 95 

(1) Oil and gas well counts include producers and infield dry, but not abandoned producers. 
(2) DSTFSIPs are final shut-in formation pressures during drillstem tests. 
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1989, 1990). Based on data provided by PI, an estimated23,455 abandoned wildcats occur in the study 

area plus the remainder of RRC District 4 and a portion of RRC District 2. A· total of 68,002 abandoned 

non-wildcats as of 1990 was then estimated, so that the sum of all abandoned wells was 91,457 for this 

larger area. In comparison, Gruy Engineering Corp. (1989) estimated a total of 67,502 abandoned non­

wildcats for their differently-defined South Texas study area 

Class II Injection Data 

The number ofSWD and EOR injection wells in the South Texas Basin plus the coastal counties 

of RRC District 4 (5,449 [table 19]) is only one-tenth as great as the number of those wells in the greater 

Permian Basin. Latitude-longitude coordinates for 2,232 active, shut-in, and abandoned Class II wells in 

this area were obtained, as for the greater Permian Basin, by matching their API numbers to wells in the 

PI data base. The county-by-county distribution of the wells for which coordinates could not be obtained 

is given in table 20. Of 2,944 ClassU wells that were active or shut-in during March-May 1990, complete 

records were· available for 1,177 (853 EOR injection. wells and 324 SWD wells). Those wells are 

primarily located along the trend of Cretaceous reservoirs in the northern part of the basin, extending 

from Guadalupe County in the northeast to Maverick County in the west (fig. 33). Injection wells in this 

region are generallyfewer than 100 per grid cell (approximately 2.6wells per mi2 [1 well per km2]). 

Initial Hydraulic Conditions 

Pressure-Depth Profiles 

The distribution of maximum bottomhole pressures with depth for 328 Cretaceous and 

978 Tertiary reservoirs is shown in figure 34. At depths shallower than approximately 6,000 ft ( 1,800m), 

BHP values tend to fall along or below. the brine-hydrostatic gradient line with slope of 0.465 psi/ft 

(10.5 kPa/m). The IDS concentration upon which this line is based (approximately 112,000 mg/L) is 
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Table 19a. Nwnber of Class II SWD and EOR injection wells, South Texas Basin. 

Nof Nof Nof Nof 
TX SINO active and lat/long wells 

RAC &EOR shut-in SWD coordinates used in 
Dist. wells & EOR wells· obtained study* 

1 2,618 1,753 1,689 805 

4** 2,831 1,191 543 372 

Total 5,449 2,944 2,232 1,177 

* See table 19b. 
** Includes all of District 4. 

Table 19b.Nwnberof activetmft'Slnltl:inSWD':uid EORinjection wells used for analysis of South 
Texas Basin. Wells used in-1ltis study include only active or shut-in wells·forwhich data indicating 
the top and/or the bottomoftlle-injectio~ ~ne as well as pennitted injection pressure and volume 
are given, and for whichlatilifA.longiuid~location coordinates could be obtained. 

TX TotalN Nof Nof 
RAC of wells SWDwefts EOR_well!i 
Dist. used in study active shut-in active shut-in 

1 805 82 14 502 207 
4 372 179 49 107 37 

Total 1,1n 261 63 609 244 
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Table 20. Number of Oass II wells by county, South Texas Basin. 

County # of wells County # of wells County # of wells 

Aransas 12 Guadalupe 106 Nueces 21.1 
Atascosa 314 Hidalgo 75 Refugio 2 
Bastrop 19 Jim Hogg 113 San Pab'icio 233 
Bexar 219 Jim Wells 197 Starr 220 
Brooks 88 Kenedy 38 Travis 

Burleson 1 Kleberg 171 Webb 295 
Caldwell 211 LaSalle 19 Williamson 3 
Cameron 1 Live Oak 3 Wilson 109 

Dimmit 289 Maverick 649 Zapata 206 
Dwal 854 McMullen 128 Zavala 65 
Frio 379 Milam 27 

generally greater than the IDS values for Tertiary fomiation waters from the basin. Bebout and others 

(1982)reported a IDS range of 10,000--75,000 ppm (as NaCl, calculated from electric logs) in the Wilcox 

Fonnation. Morton and Land (1987) mapped IDS values generally <35,000 mg/Lin the Frio Fonnation, 

although IDS levels> 105,000mg/L were shown for a small area in northeastern Starr County. Therefore, 

apparent underpressuring may to some extent reflect lower salinity rather than hydrocarbon production. 

Atdepths >6,000 ft(> 1,800m), pressures fall above the brine-hydrostatic line, consistent with the regional 

occurrence of geopressures associated with relatively rapid sedimentation along the Gulf Coast during 

Tertiary time (Harrison and Summa, 1991). 

As in the previous case studies, water-level measurements were converted to BHPs using. a 

fresh-water hydrostatic gradient (0.433 psi/ft [9. 79 kPa/m]) and plotted versus depth. Pressure-depth plots 

are shown for the Eocene, Miocene, and Pliocene hydrostratigraphic units in the basin and adjoining areas 

to the east and northeast (fig. 35). Pressures in the aquifers are fresh-water hydrostatic or ( especially in the . 
_''. 

Pliocene unit) subhydrostatic. Subhydrostatic conditions may reflect pumpage or downward (downdip) 

flow toward the coast (Harrison and Summa, 1991). 

Computer-Generated Potentiometric Surfaces 

Reservoirs were divided by age (Cretaceous and Tertiary) and by depth ( <6,000 ft and >6,000 ft 

[<1,800 m and >1,800 m]) into four hydrostratigraphic units for which potentiometric surfaces were 
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Figure 33. Contour map of Cass Il wells at a 0.1° x 0.1° scale, South Texas Basin; IO-injection-well 
per cell contour delineated with bold outline. 

constructed Pressure data were available from 908 reservoirs shallower than 6,000 ft (1,800 m) and 618 

deeper reservoirs. BHP data were converted to hydraulic head using a specific weight of 0.465 psi/ft 

Potentiometric surfaces for shallow and deep Tertiary reservoirs and deep reservoirs of various ages are 

shown as examples. The deep Tertiary surface (fig. 36) is predominantly above land surface (0 to 
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>5,000ft [1,500m] above sea level), whereas the shallowTertiary surface(fig. 37)generallyis <50(lft 

(150 m) above sea level 

Water-level data from the varioqs Cenozoic (Tertiary and Quaternary) fonnati.ons containing . 

USDW s were combined and contoured to obtain a single potenti.ometric surface (fig. 38)whose elevation 

is close to that of land surface. It ranges from <250 ft (76 m) above sealevel in the southeast to 

>1,000 ft (300 m) above sea level in the.northwest. 
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Figure 36. Computer-generated potentiometricsurface of Tertiary reservoirs >6,000 ft(> 1,800 m) 
deep, Sou1h Texas Basin. 

Positive Residual Surfaces 

There are extensive areas where hydraulic head in Tertiary reservoirs at depths >6,000 ft 

(>1,800 m) deep is higher than hydraulic head in the combined Cenozoic USDWs. Positive residuals 

between the deep Tertiary reservoirs and the USDW s (fig. 39) occur in a southwest-northeast band in the 

southern portion of the study area, aligned with geopressured zones along the Wilcox trend (Bebout and 

others, 1982). In comparison, positive residuals between Cretaceous reservoirs >6,000 ft (>1,800 m) 
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Figure 37. Computer-generated potentiometricsurface of Tertiary reservoirs <6,000 ft (<1,800m) 
deep, Sou1h Texas Basin. 

deep and the Cenozoic USDW swface are~ extensive, perhaps because the Cretaceous reservoirs are 

furtherinlandand thus moredistantfrom depocenters than are the Tertiary reservoirs. No positive residuals 

were identified between reservoirs <6,000 ft ( <1,800 m) deep and the Cenozoic USDW surface (fig. 40). 

Therefore, the composite map of positive residuals (fig. 41) largely corresponds to the deep Tertiary 

reservoirs. 
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(> 1,800 ni) deep minus computer-generated potentiometric surface of Cenozoic USDWs, South 
Texas Basin. Positive residual areas not stippled. 

Abandoned Well Locations 

The distribution of all abandoned wells at a 0.1° x 0.1° scale is shown in figure 42. In contrast to 

the greater Pennian Basin, only five small areas in the South Texas Basin contain >400 wells per cell. Toe 

density of abandoned wells is greatest in the northeastern part of the basin and in the south-central part of 

the basin, where positive residuals are concentrated. Toe population of all abandoned wells estimated from 
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Te:xu Bami. Stippled areu representpositive residuals adequately supported by nearby data 
points. 

PI data (table 21) is approximately 19 percent larger than the population estimated in tableJ 7 for the South 

Texas Basin, which corresponds to the study area outlined in figure 1. Of the 91,457 wells (other than 

Class II wells) abandoned through 1989 in the larger area for which PI provided data, 51,894 (57 percent) 

were abandoned prior to 1960 (table 21). Of the wells abandoned prior to 1960, 7,432 are deeper than 

6,000 ft (1,800 m); the total number of abandoned wells deeper than 6,000 ft (1,800 m) is 21,987. 
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Figure 41. CompositellUlpofallpositive residuals in South Texas Basin;boundaries dashed where 
inferred. 

The extent of positive n:sidual areas was again constrained by ellininating areas in wh.i.ch data 

from reservoirs and US:bWs were deemed insufficient The remaining positive residuals were 

superimposed on the abandoned well distribution m,ap to estimate the number of abandoned wells in 

areas of upward hydraulic gradient(table 21). Of approximately 21,145 wells located within constrained 

positive residuals, only 3,466 are deeper than 6,000ft (1,800 m). 
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Table 21. Estimated nwnbers of (a) abandoned wells, (b) abandoned wells within comtrained 
po.gtiveresiduals, and(c) abandoned wellswithinconstrained positive residuals in areas containing 
approximately one· aass n well per km2, South Texas Basin. Nwnbers of abandoned wildcats 
based on PI data; total numbers of abandoned wells computed from wildcat data using factors 
from Gruy's table 1. •• 

a 

Avg. total depth (ft) <6000 <6000 >6000 >6000 
twlldcata tall aband. twlldcata tall aband. 

Yur 

<1950 6,507 25,307 868 3,397 

1950-51 4,927 19,155 1,030 4,035 

1960•69 3,242 12,629 1,024 4,003 

1970-79 2,330 9,094 828 3,257 

1980-81 1,981 7,753 718 2,827 

AU Yura 18987 73938 4468 17519 

b 

Avg. total depth (ft) <3000 3000-6000 >6000 Totals 

Yur 

<1950 3,925 3,473 301 7,699 

1950-59 1,875 2,993 377 5,245 

1960-69 680 2,240 640 3,560 

11170-711 315 1,280 816 2,411 

11110-81 94 804 1,332 2,230 

All Yura 6889 10,790 3466 21145 

(C) 

Avg. total dapth (ft) <3000 3000-6000 >6000 Totals 

Yur 

<1950 35 8 0 43 

1950-59 50 16 0 66 

1960-611 31 0 0 31 

1970-79 0 19 8 27 

1980-811 0 19 0 19 

AIIYeara 116 I 62 I 8 I 186 
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Effects of Class II Injection 

Head-Buildup Calculations for Selected EOR Injection Wells 

Sample calculations were conducted for two high-volume EOR injection projects in the South 

Texas Basin to evaluate the hydraulic-head buildups from individual injectors relative to the residual 

surfaces (appendix VIl). Injection data were taken from the EOR survey of the Texas Petroleum Research 

Committee (1976) (table 22). 

For well R>394, the pre-production hydraulic-head differential between the Tertiary reservoir 

potentiometric surface and the Cenozoic USDW potentiometric surface is approximately -1,162 ft 

(-354 m), whereas the maximum head buildup 1 ft (0.3 m) from the well is 769 ft (234 m). Therefore, 

injection over a 13-yr period would not have reversed the downward, pre-production hydraulic gradient 

between the Tertiary USDWs and the Tertiary reservoir. Moreover, the actual hydraulic gradient was 

greater than the pre-production gradient due to depressurization (868 psi [5.98 MPa] original pressure, 

600 psi [4.14 MPa] after 13 yr of injection). 

For well F0004, the pre-production hydraulic-head differential between the potentiometric 

surface for Tertiary reservoirs <6,000 ft (<1,800 m) and the Cenozoic USDW potentiometric surface is 

approximately-835 ft (-255 m). The injection rate in well F0004 (2,320 bbl water/day [368,000 Uday]) 

was four times that of well F0394. The pre-production hydraulic gradient could be reversed by injection, 

leading to upward flow within a radius of 2,850 ft (869 m) after 1 yr and 8,060 ft (2,460 m) after 8 yr 

(appendix VII; fig. 43). However, depressuriz.ation associated with production would have prevented the 

reversal ofhydraulic gradient by injection: the initial reservoirpressure of 1,195 psi ( 4.22 MPa) was greater 

than the actual reservoir pressure following 8 yr of injection (750 psi [5.17 MPa]). 

Total Number of Abandoned Wells in Potential Risk Areas 

The identification of abandoned wells proximal to Class II injection wells within positive residual 

areas is relatively simple in the South Texas Basin. Of the 5,449 Class II wells in RRC Districts 1 and 4 
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Pro]. FR: 

no. dist. .... 
8 F0004 1 

F0394 4 

Table 22. Characteristics of selected enhanced-recovery injection wells, South Texas Basin . 

Reservoir, 

county, 

centroid Depth tnJ. rate 

location (It) (BPO/well) 

Pellus, 3000 2320 

McMullen Co., 

Lat. 28.096N, 

Long. 98.441W 

Loma Navia 2500 580 

(2nd sand), 

Duval Co., 

Lat 27.882N, 

Long. 98.586W 

Project type: 
PM - pressure maintenance 
WF - water flood 

N ProJect 

Project lnJ. .,.. 
type wells (acres) 

FM 2 496 

YE 6 565 

Volume ol lluld 

Avg. Surface Reservoir pressure (date) Injected, from 

Perm. Por. net pay lnJ.P orlglnat first Injection latest first lnJ. to 1ne, 
(md) (%) (fl) (psi) (psi) (pal) (psi) all wells (mbbl) 

300 0.32 6 600 1195 (7/41) 500 (3/68) 750 (1ll6) 8,960 

276 0.31 11 950 868 (5/58) 270 (11/62) 600 (1ll6) 6,225 

OIi prod. from project area 

from disc. to from first 

first lnj. lnJ. to 1ne 
(mbbl) (mbbl) 

959 1,137 

522 1,226 
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Figure 43. Calculated hydraulic-head buildup around well in enhanced-recovery injection 
project F0004, South Texas Basin. 

(slightly larger than the basin area) as of 1990, only 115 were located in positive residual areas 

constrained by adequate data, and only four were deeper than 6,0(Xlft (1,800 m). Very high pressures at 

depths >6,000 ft (>1,800 m) hinder EOR injection and salt-water disposal, although there are normally­

pressuredzonesdeeperthan6,000ft(l,800m) insome areas of the basin (Beboutandothers, 1982)where 

Class II injection may be feasible. Of the 21,145 abandoned wells in the positive residual areas, 3,466 were 

deeper than 6,000 ft (1,800 m) (table 21). The number of abandoned wells within constrained positive 

residuals containing (for example) ten or more Class II wells per cell{approximately one Class II well per 

3.85 mi2 [10 km2]) was 186. Of those 186, none were plugged before 1960, and only eight were deeper 

than 6,000 ft (1,800 m). By extension, abandoned wells in the South Texas Basin are unlikely to penetrate 

a formation in which Class II injection builds on natural overpressures. 
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DISCUSSION 

Limitations of Methodology 

The use~ of this methodology as a screening tool depends upon the accuracy of mapping 

the potentiometric surfaces, residuals, and distributions of Cla§ II wells and abandoned wells. One 

possible source of erroris the use of sparse or unrepresentative pressure data. Using a single pressure value 

per reservoir masks local spatial heterogeneities in the flow field, particularly where the value represents 

a single measurement from a single well. In· addition, ·the pressure values used may not consistently 

represent pre-production (maximum) conditions; the present extent of positive residuals might be smaller 

than mapped because of reservoir depressuri7.ation. Lumping various fonnations intohydrostratigraphic 

units may obscure vertical gradients betweenfonnations. This was particularly true forthe San Juan Basin, · 

fof which the lack of mappable pressure data from PI necessitated the construction of a single 

potentiometric surface for· oil and gas reservoirs. Pressure data for non-petroleum-productive saline 

fonnations arenotgenerallycompiled,even thoughsuchunitsmaycausesaliofotdon ofUSDW s through 

improperly abandoned wells. Richter and others (1990) documented this phenomenon in Tom Green 

County, Texas, in the greater Pennian Basin. Brine was upwelling from the naturally overpressured 

Coleman Junction Fonnati~n (above the petroleum-productive units) into shallow ground· water, 

apparen~rthrough an abandoned exploration hole that was plugged above the base of the USDW. 

A second possible source of error is the use of inaccurate conversion factors to obtain values of 

hydraulic headin reservoirs. Using empirical pressure gradients to convert SITPs to BHPs is probably an 

oversimplification: in particular, the 0.(f/ psi/ft gradient used in the San Juan Basin pertains to coalbed 

methane wells, whereas pressure data from PI were also collected from conventional gas and oil wells. 

As noted in the case study for the greater Permian Basin, use of a 0A65 psi/ft specific weight to convert 

bottomhole pressures to hydraulic head ·may lead to erroneous conclusions of ov~g in areas 

where ms of brine exceeds 112,000 mg/L. In addition, the assumption of hydrostatic conditions in 

converting bottomhole pressures to hydraulic head, whether fresh water or brine, neglects vertical 

components of flow and differences in fluid density that may drive flow (Kaiser and others, 1991). . 
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A third possible source of error is intrinsic to contouring: interpolation and extrapolation between 

data points. Closed contours on the computer-generated potentiometric surfaces not supported by data 

("bull's-eyes'') may be artifacts of the contouring algorithm. Subtracting the gridded surfaces and 

contouring head differences introduces additional error. 

Oass II Injection and Implications for A0R 

Sample head-buildup calculations presented for selected EOR injection and SWD wells 

illustrate how injection can reverse a downward-directed hydraulic gradient as well as magnify a natural 

upward-directed hydraulic gradient As illustrated by the examples of the San Juan Basin SWD wells, 

some disposal may occur in initially. overpressured, non-producing formations, which increases the 

potential for upward flow. However, for E0R injection wells, which tend to be more numerous, the 

calculated buildups typically overestimate the actual buildups because the impact of hydrocarbon 

production on reservoir pressures is neglected. Even if all produced water were to be reinjected for EOR, 

the net loss of fluid due to hydrocarbon withdrawal would be likely to lower reservoir pressures. Head 

buildups for both EOR and SWD wells may also be overestimated because of the assumption, implicit 

in the Theis equation (eq. 3), that injection occurs continuously at a constant rate over the lifetime of the 

injection or disposal project Both the use of pre-production reservoir pressures and the assumption of 

continuous, constant injection are mandated by the Code of Federal Regulations for calculating areas of 

review (U.S. Office of the Federal Register, 1987). Realistically, however, the use of ambient reservoir 

pressures would allow more accuracy in mapping positive residuals and in determining areas where 

injection could cause or build on an upward hydraulic gradient 

CONCLUSIONS 

This study defined an approach and developed procedures to identify areas where hydraulic 

conditions in hydrocarbon reservoirs and injection zones create a potential risk to USDW s through certain 
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abandoned wells. A screening methodology to prioritize AOR studies can allow operators and regulatory 

agencies to identify~ where natural hydraulic conditions may be conducive to brine migration through 

abandoned wells that do not meet current regulatory standards. Nationwide, most reservoir and injection 

data needed for such an analysis are maintained on paper rather than in digital fonnat, rendering mapping 

of data and comparison of potentiometric surfaces at a regional scale difficult Based on data availability, 

we selected the SanJuanBasininNew Mexico and Colorado,the greater PennianBasinin Texas and New 

Mexico, and the South Texas Basin as case studies to test the hydraulic screening methodology. Digital 

data on reservoir pressures and the locations of abandoned wells were obtained from national data bases 

maintained by PI and supplemented by data from other sources. 

The three basins selected are of different sizes and located in different geologic settings. The San 

Juan and greater Pennian Basins have been uplifted and subjected to meteoric flushing, leading to artesian 

overpressutjnginareasofground-waterdischarge(Sengerandothers, 1987;Kaiserandothers, 1991;Bein 

and Dutton, 1993). In contrast, in the South Texas Basin, circulation of meteoric water is restricted .to 

depths approximately <6,000 ft (<1,800 m) and deeper sediments are overpressured by compaction 

(Hanison and Summa, 1991). Some of the mapped positive residuals approximately coincide with these 

areas of upward hydraulic gradient in each basin, although othersdo not Pressure data from selected SWD 

wells in· the San Juan Basin indicate an upward hydraulic gradient between the inj~tion zones and 

USDWs,'in contrast to the delineation .of negative residuals around those wells based on reservoir 

pressuresfrom the basin as a whole. The discrepancies may result from sparse or inaccurate pressure data, 

inaccurate conversion factors, and interpolation between or extrapolation from· these data during 

contouring. 

Focusing on abandoned wells within positive residuals as a "first cut'' reduces the approximate 

numbers of abandoned wells for primary examination from 6,104 to 1,000 in the San Juan Basin, 

from 395,176 to 80,185 in the greater Pennian Basin, and from 77,050 to 21,145 in the South Texas Basin. 

These numbers are reduced further when other factors such as age and distance of abandoned wells from 

Class II wells are taken into account In the San Juan Basin, pre-production hydraulic gradients appear to 

be directed downward where abandoned wells are most numerous. However, in the South Texas Basin, 
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the density of abandoned wells is greatest in the south-central region where positive residuals are 

concentrated. 

This study found inconsistencies in data (specifically counts of abandoned wells) obtained from 

different sources. Where feasible, data should be collected from all available sources, including operators 

and regulatory agencies, and evaluated for completeness and quality prior to mapping. Using averaged 

pressure values and plotting the distribution of wells at a 0.1° x 0.1° scale permits only a semi-quantitative 

assessment of the numbers of wells potentially at risk. For greater accuracy, potentiometric surfaces should 

be constructed for individual fonnations at specific times and the actual geographic location of wells 

should be plotted. 

Where possible, computer-generated residual surfaces were compared to previously collected, 

independent field data. The results of this study, however, do not provide absolute confinnation of areas 

where upward flow through improperly abandoned wells may endanger USDW s. Field validation oflocal 

hydraulic conditions is necessary. In areas of confirmed upward hydraulic gradient from hydrocarbon 

reservoirs to USDW s, the risk of salinization of USDW s needs to be quantified by evaluating factors such 

as wellbore conditions, depth, and completion and abandonment practices, which were beyond the scope 

of this study. SampleAORanalyses illustrated that the use of positive residuals is insufficient for screening 

in instances where Class II injection reverses a downward hydraulic gradient. Nonetheless, the method 

is useful in providing a regional screen to identify areas where natural hydraulic conditions favor upward 

brine migration. 
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APPENDIX I 

PROCEDURE FOR DETERMINATION OF AREA OF REVIEW AROUND 

INJECTION WELLS AND DISPOSAL WELLS 

The procedure is to find the radius of the area within which the pressure increase due to injection 

raises the hydraulic head (potentiometric surface) of injection formation water above the head in an 

overlying source of drinking water. Differences in fluid density may be taken into account Two methods 

are specified in the Federal regulations for determining the area of review (AOR) for each injection well, 

field, project, or area (U.S. Office of the Federal Register, 1987). First, a zone of endangering influence 

can be calculated on a case by case basis. For a single well permit, the AOR of this zone is the area 

determined by a radius within which the injection zone pressures may cause the migration of injection and/ 

or formation fluids into a USDW. For an area permit, the AOR of the zone is the project area plus a 

circumscribing area the width of which is the lateral distance from the perimeter of the project area, in 

which injection zone pressures may result in fluid migration from the injection zone into USDW horizons. 

Computation of the zone of endangering influence may be based upon reservoir and operating parameters 

such as (1) hydraulic conductivity of the injection zone, (2) thickness of the injection zone, (3) injection 

rate, (4) injection duration, (5) hydrostatic head in the injection zone, (6) hydrostatic head in the 

overlying USDW zones, and (7) specific gravity of fluid in the injection zone. The modified Theis equation 

is acceptable as a mathematical model in the regulations for calculating the zone of endangering influence. 

The second, alternative approach involves defining a circular AOR using a fixed radius of not less 

than 0.25 mi (0.40 km) around a single well In the case of an area permit, a circumscribing area having 

a fixed width not less than 0.25 mi (1,320 ft [ 400 m ]) may be used~ The 0.25 mi (0.40 km) radius is equal 

to the sides of a square of 40 acre area, which is commonly the minimum field spacing for oil wells. Factors 

to be considered when determining the fixed area are (1) hydrogeology of injection zone, (2) chemistry 

of formation and injected fluids, (3) population and ground-water usage in the area, and (4) historical 

practices in the area. 
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The pressure distribution in the injection zone is calculated using the nonequilibrium method of 

Theis (1935). This me~od uses the solution to the transient radial flow equation of a compressible fluid 

from a line source in a homogeneous, isotropic, confined reservoir of infinite areal extent The aquifer 

parameters needed for calculation of pressure distribution are the transmissivity (the multiplicative 

product of hydraulic conductivity and thickness) and storativity, which are equivalent to the 

permeability-thipkness product and porosity'.'Compressibility product used in petroleum reservoir 

engineering. When the AOR is determined using an acceptable mathematical model, the radius of the 

AOR is deemed to be the applicable radius, even if it is less than 0.25 mi 

According to Theis (1935), the response of an aquifer to single well injection is described by the 

equation 

wliere~ 
Q 
T 

s 

u 

~ = (Q/4,t x T) x (-0.577216 - lo&U + u - (u2 / (2 x 2!)) + (u3 / (3 x 3 !))- .... ) (11) 

= hydral.llic head change (height of cone of impression) (L) 
= volumetric injection rate (L3/t) 
= transmissivity (L2/t) 
= Kxh,where 

K = hydraulic conductivity (Ut) 
h = thickness ofthe injection zone (L) 

= storativity (storage coefficient) 
= pgh(a + ~). where 

p = density of injection fluid (M/I)) 
g = acceleration due to gravity (Ut2) 
a = compressibility of injection zone matrix (L x t21M) 
6 = compressibility of injection fluid (L x t2/M) 
0 = PQrosity of injection zone (L3JL3) 

= (r2 X S)/(4 X TX t), where 
r = radial distance from wellbore to point of interest (L) 
t = time since injection began 

Foru < 0.01, equation 1.1 becomes (Cooper and Jacob, 1946) 

~ = (2.3 x QI (41t x 'D) x log (2.25 xT x ti (r2 x S)) (12) 
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Equation L2 is expressed in the Federal regulations in the form 

wherer 
K 
H 
t 
s 
X 

r = [2.25 x K x H X t l(S x l()X)]l/2 • 

= radius of endangerirtg influence from injection well 
=. hydraulic conductivity of injection zone • 
= thickness of the injection zone 
= time of injection 
= storativity ( or storage coefficient) 
= . 4,c x K x H x ~- .Ch00 x Spx Gt,)]/ (2.3 x Q), where 

(L3) 

¾i = hydrostatic head of USDW measured from the base ofthelowemfost 
USDW 

· h00 = observed original hydrostatic head of injection zone measured from the 
• base of the lowermost USDW • • 
Sp x Gb= specific gravity of flui<J in injection zone 
Q = injection rate • • 

Equation 1.2 is also used in petroleum reservoir engineering in the form . 

~ = (162.6 xQ x µxB/ (kxb) x(log(kxtx <l>x µ xC ><1'2)-3.23) (L4) 

.. .. 

where.~ = reservoir pressure change at radius r and time t (psi) 

Q = injection rate (bbl/day) 
µ = · viscosity (cP [centipoise]) 
B = formation fluid volume factor (dimensionless)•. 

(ratio of liquid volume at bottomhole conditions to liquid volume at surface . 
conditions; typically > 1 for oil containing dissplved.gas, <1 · for oil under very high formation 
pressure and lacking dissolved gas, ..;1 for fresh water) • 
k • = average reservoir permeability (md [millidarcies]) 
b = reservoir tbickness(ft) • 
t = time since injection began (hrs) 
4> = reservoir porosity (fraction) 

· C = reservoir compressibility (psi•l) . 
r = radial distance from wellbore to point of interest(ft) 
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1. Bisti - Lower Gallup, West Sisti PMP, Chevron USA, Inc., Well No. 140 
(injection volume 37,143 bbl in May 1987 = 1198 bbls/day = 0.832 bpm = 34.95 gpm) 

a Transmis- Storativity Radial Dis- Injection Time 
(injection rate sivity ( dimension- tance from (da:t'.s} Head-buildue {.1hl 

in gpm) (gpd/ft) less) Well (ft) time 1 time2 time3 time 1 time2 time 3 

34.95 13.20 0.000053 1 365 7300 14600 5198 6107 6317 
34.95 13.20 0.000053 100 365 7300 14600 2402 3311 3521 
34.95 13.20 0.000053 250 365 7300 14600 1845 2755 2965 
34.95 13.20 0.000053 500 365 7300 14600 1424 2334 2544 
34.95 13.20 0.000053 1000 365 7300 14600 1004 1913 2123 
34.95 13.20 0.000053 1320 365 7300 14600 835 1744 1955 
34.95 13.20 0.000053 2000 365 7300 14600 583 1492 1703 
34.95 13.20 0.000053 3500 365 7300 14600 243 1152 1363 
34.95 13.20 0.000053 5000 365 7300 14600 26 936 1146 
34.95 13.20 0.000053 7500 365 7300 14600 0 690 900 
34.95 13.20 0.000053 10000 365 7300 14600 0 515 725 
34.95 13.20 0.000053 15000 365 7300 14600 0 269 479 
34.95 13.20 0.000053 20000 365 7300 14600 0 94 305 
34.95 13.20 0.000053 30000 365 7300 14600 0 0 58 
34.95 13.20 0.000053 50000 365 7300 14600 0 0 0 
34.95 13.20 0.000053 100000 365 7300 14600 0 0 0 

2. Cha Cha Gallup, Humble Northwest Cha Cha- Gallup PMP, Mountain States 
Petroleum Corp. (previously operated by Suburban Propane Gas Corp.), Well No. 26-12 

(injection volume 900 bbl in July 1987 = 29 bbls/day = 0.020 bpm = 0.85 gpm) 

a Transmis- Storativity Radial Dis- Injection Time 

(injection rate sivity (dimension- tance from {da:t'.S} Head-buildue {.1hl 
in gpm) (gpd/ft) less) Well(ft) time 1 time 2 time 3 time 1 time2 time 3 

0.85 10.37 0.000018 1 365 7300 14600 169 197 203 
0.85 10.37 0.000018 100 365 7300 14600 82 110 117 
0.85 10.37 0.000018 250 365 7300 14600 65 93 100 
0.85 10.37 0.000018 500 365 7300 14600 52 80 87 
0.85 10.37 0.000018 1000 365 7300 14600 39 67 74 
0.85 10.37 0.000018 1320 365 7300 14600 34 62 68 
0.85 10.37 0.000018 2000 365 7300 14600 26 54 61 
0.85 10.37 0.000018 3500 365 7300 14600 15 44 50 
0.85 10.37 0.000018 5000 365 7300 14600 9 37 43 

0.85 10.37 0.000018 7500 365 7300 14600 1 29 36 
0.85 10.37 0.000018 10000 365 7300 14600 0 24 30 

0.85 10.37 0.000018 15000 365 7300 14600 0 16 23 
0.85 10.37 0.000018 20000 365 7300 14600 0 11 17 
0.85 10.37 0.000018 30000 365 7300 14600 0 3 10 
0.85 10.37 0.000018 50000 365 7300 14600 0 0 0 
0.85 10.37 0.000018 100000 365 7300 14600 0 0 0 

(continued on next page) 
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APPENDIX IV (continued) 

3. Horseshoe Gallup (fower), Humble Horseshoe Gallup PMP No. 2, 
Marmac Petroleum Co. (formerly Solar Petroleum, Inc.), Well No. 101 
(injection volume 9052 bbl in October 1987 = 292 bbls/day = 0.203 bpm = 8.52 gpm) 

a Transmis- Storativity Radial Dis- Injection Time 
(injection rate sivity (dimension- tance from {da:z'.S} Head-buildue {..1.h} 

in gpm) (gpd/ft) less) Well (ft) time 1 time 2 time 3 time 1 time2 time3 

8.52 21.29 0.000024 1 365 7300 14600 844 981 1013 
8.52 21.29 0.000024 100 365 7300 14600 421 559 591 
8.52 21.29 0.000024 250 365 7300 14600 337 475 506 
8.52 21.29 0.000024 500 365 7300 14600 274 411 443 
8.52 21.29 0.000024 1000 365 7300 14600 210 347 379 
8.52 21.29 0.000024 1320 365 7300 14600 184 322 354 
8.52 21.29 0.000024 2000 365 7300 14600 146 284 316 
8.52 21.29 0.000024 3500 365 7300 14600 95 232 264 
8.52 21.29 0.000024 5000 365 7300 14600 62 200. 232 
8.52 21.29 0.000024 7500 365 7300 14600 25 163 194 
8.52 21.29 0.000024 10000 365 7300 14600 0 136 168 
8.52 21.29 0.000024 15000 365 7300 14600 0 99 131 
8.52 21.29 0.000024 20000 365 7300 14600 0 73 104 
8.52 21.29 0.000024 30000 365 7300 14600 0 35 67 
8.52 21.29 0.000024 50000 365 7300 14600 0 0 20 
8.52 21.29 0.000024 100000 365 7300 14600 0 0 0 

4. Many Rocks Gallup, Many Rocks - Gallup PMP 1, 
Marmac Petroleum Co. (formerly Solar Petroleum, Inc.), Well No. 223 
(injection volume 4588 bbl in March 1987 = 148 bbls/day = .103 bpm = 4.32 gpm) 

a Transmis- Storativity Radial Dis- Injection Time 
(injection rate sivity ( dimension- tance from {da:z'.s} Head-buildue {..1.h} 

in gpm) (gpd/ft) less) Well (ft) time 1 time2 time 3 time1 time2 time3 

4.32 21.11 0.000015 1 365 7300 14600 442 513 529 
4.32 21.11 0.000015 100 365 7300 14600 226 297 313 
4.32 21.11 0.000015 250 365 7300 14600 183 254 270 
4.32 21;11 0.000015 500 365 7300 14600 151 221 237 
4.32 21.11 0.000015 1000 365 7300 14600 118 188 205 
4.32 21.11 0.000015 1320 365 7300 14600 105 175 192 
4.32 21.11 0.000015 2000 365 7300 14600 86 156 172 
4.32 21.11 0.000015 3500 365 7300 14600 59 130 146 
4.32 21.11 0.000015 5000 365 7300 14600 43 113 129 
4.32 21.11 0.000015 7500 365 7300 14600 24 94 110 
4.32 21.11 0.000015 10000 365 7300 14600 10 80 97 
4.32 21.11 0.000015 15000 365 7300 14600 0 61 78 
4.32 21.11 0.000015 20000 365 7300 14600 0 48 64 
4.32 21.11 0.000015 30000 365 7300 14600 0 29 45 
4.32 21.11 0.000015 50000 365 7300 14600 0 5 21 
4.32 21.11 0.000015 100000 365 7300 14600 0 0 0 
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1. Basin Disposal, Inc., San Juan Co., Well No. 1 F 

Qnjection volume 43209 bbl in April 1990 • 1440 bbls/day= 1.00 bpm = 42 gpm; fluid density• 1.014, porosity ... 0.17) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Ahl 
Onjeclion rate {spd/ftl Coefficient tance from {da;tsl low transmissivi!:t'. hiSh transmissivi!:t'. 

ingpm) low high (unitless) Well (ft) time 1 time2 time1 time2 time 1 time2 

42 14.96 1795.00 0.00009 365 14600 5381 6568 58 68 
42 14.96 1795.00 0.00009 100 365 14600 2416 3604 33 43 
42 14.96 1795.00 0.00009 250 365 14600 1826 3014 28 38 
42 14.96 1795.00 · 0.00009 500 365 14600 1380 2568 24 34 
42 14.96 1795.00 0.00009 1000 365 14600 934 2121 21 31 
42 14.96 1795.00 0.00009 1320 365 14600 755 1943 19 29 
42 14.96 1795.00 0.00009 2000 365 14600 488 1675 17 27 
42 14.96 1795.00 0.00009 3500 365 14600 127 1315 14 24 
42 14.96 1795.00 0.00009 5000 365 14600 0 1085 12 . 22 
42 14.96 1795.00 0.00009 7500 365 14600 0 824 10 20 
42 14.96 1795.00 0.00009 10000 365 14600 0 639 8 18 
42 14.96 1795.00 0.00009 15000 365 14600 0 378 6 16 
42 14.96 1795.00 0.00009 20000 365 14600 0 193 5 15 
42 14.96 1795.00 0.00009 30000 365 14600 0 0 3 12 
42 14.96 1795.00 0.00009 50000 365 14600 0 0 0 10 
42 14.96 1795.00 0.00009 100000 365 14600 0 0 0 6 

2. BHP Petroleum, Inc., San Juan Co., Gallegos Canyon Unit, Well No. 307 L 

Onjection volume 8640 bbl in April 1990 '"' 288 bbls/day = 0.20 bpm = 8.4 gpm; fluid density = 1.043, porosity = 0.17) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Ahl 

Onjeclion rate (Spd/ftl Coefficient tance from ~da~sl low transmissivi!:t'. hiSh transmissivi!:t'. 

ingpm) low high (unitless) Well (ft) time 1 time2 time 1 time2 time1 time2 

8.4 14.96 1795.00 0.00153 1 365 14600 894 1131 10 12 
8.4 14.96 1795.00 0.00153 100 365 14600 301 538 5 7 
8.4 14.96 1795.00 0.00153 250 365 14600 183 420 4 6 
8.4 14.96 1795.00 0.00153 500 365 14600 93 331 3 5 
8.4 14.96 1795.00 0.00153 1000 365 14600 4 242 3 5 
8.4 14.96 1795.00 0.00153 1320 365 14600 0 206 2 4 
8.4 14.96 1795.00 0.00153 2000 365 14600 0 152 2 4 
8.4 14.96 1795.00 0.00153 3500 365 14600 0 80 1 3 
8.4 14.96 1795.00 0.00153 5000 365 14600 0 34 1 3 
8.4 14.96 1795.00 0.00153 7500 365 14600 0 0 0 2 
8.4 14.96 1795.00 0.00153 10000 365 14600 0 0 0 2 
8.4 14.96 1795.00 0.00153 15000 365 14600 0 0 0 2 
8.4 14.96 1795.00 0.00153 20000 365 14600 0 0 0 1 
8.4 14.96 1795.00 0.00153 30000 365 14600 0 0 0 1 
8.4 14.96 1795.00 0.00153 50000 365 14600 0 0 0 0 
8.4 14.96 1795.00 0.00153 100000 365 14600 0 0 0 0 

(continued on next page) 
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APPENDIX V (continued) 

3. Conoco, Inc., Rio Arriba Co., Jicarilla 30, Well No. 1 A 
Onjection volume 4208 bbl in March 1990 • 136 bbls/day"' 0.094 bpm • 4 gpm; fluid density• 1.002, porosity• 0.16) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Ml} 
(injection rate {£!pd/ft} Coefficient tance from {da:z:s} low transmissivi!:z: hiSh transmissivi!:z: 

ingpm) low high (unitless) Well (ft) time 1 time2 time 1 time2 time 1 time2 

4 14.96 1795.00 0.00048 1 365 14600 461 575 5 6 
4 14.96 1795.00 0.00048 100 365 14600 179 292 3 4 
4 14.96 1795.00 0.00048 250 365 14600 123 236 2 3 
4 14.96 1795.00 0.00048 500 365 14600 80 194 2 3 
4 14.96 1795.00 0.00048 1000 365 14600 38 151 2 2 
4 14.96 1795.00 0.00048 1320 365 14600 21 134 1 2 
4 14.96 1795.00 0.00048 2000 365 14600 0 109 1 2 
4 14.96 1795.00 0.00048 3500 365 14600 0 74 1 2 
4 14.96 1795.00 0.00048 5000 365 14600 0 52 1 2 
4 14.96 1795.00 0.00048 7500 365 14600 0 28 1 1 
4 14.96 1795.00 0.00048 10000 365 14600 0 10 0 1 
4 14.96 1795.00 0.00048 15000 365 14600 0 0 0 1 
4 14.96 1795.00 0.00048 20000 365 14600 0 0 0 1 
4 14.96 1795.00 0.00048 30000 365 14600 0 0 0 1 
4 14.96 1795.00 0.00048 50000 365 14600 0 0 0 0 
4 14.96 1795.00 0.00048 100000 365 14600 0 0 0 0 

4. Meridian Oil, Inc., San Juan Co., Cedar HUI SWD, Well No. 1 8 
Onjectionvolume 72,245 bbl in March 1990 •2330 bbls/day • 1.62 bpm • 68 gpm; fluid density• 1.009, porosity• 0.24) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Mll 
(mjection rate {gpdlftl Coefficient tance from {daxs2 . low transmissivi! hiSh transmissivi! 

ingpm) low high (unitless) Well (ft) time1 time2 time 1 time2 time 1 time2 

68 748. 3748 0.00182 365 14600 184 222 40 48 

68 748 3748 0.00182 100 365 14600 88 126 21 29 

68 748 3748 0.00182 250 365 14600 69 107 17 25 

68 748 3748 0.00182 500 365 14600 54 93 14 22 

68 748 3748 0.00182 1000 365 14600 40 78 11 19 

68 748 3748 0.00182 1320 365 14600 34 72 10 18 

68 748 3748 0.00182 2000 365 14600 25 64 8 16 

68 748 3748 0.00182 3500 365 14600 14 52 6 14 

68 748 3748 0.00182 5000 365 14600 6 45 5 12 

68 748 3748 0.00182 7500 365 14600 0 36 3 11 

68 748 3748 0.00182 10000 365 14600 0 30 2 9 

68 748 3748 0.00182 15000 365 14600 0 22 0 8 

68 748 3748 0.00182 20000 365 14600 0 16 0 6 

68 748 3748 0.00182 .30000 365 14600 0 7 0 5 

68 748 3748 0.00182 50000 365 14600 0 0 0 3 

68 748 3748 0.00182 100000 365 14600 0 0 0 0 

(continued on next page) 
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APPENDIX V (continued) 

5. Meridian Oil, Inc., San Juan Co., Middle Mesa SWD, Well No. 1 L 

(injection volume 136,383 bbl in March 1990 • 4399 bbls/day = 3.06 bpm • 128.3 gpm; fluid density., 1.011, porosity= 0.24) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Ml} 
(injection rate {apdlft) Coefficient tance from {da~s} low transmissivi!l hiSh transmissivi!l 

in gpm) low high (unitless) Well (ft) time 1 time 2 time 1 time2 time 1 time2 

128.3 1000 2500 0.00071 1 365 14600 2n 332 116 138 
128.3 1000 2500 0.00071 100 365 14600 142 196 62 84 
128.3 1000 2500 0.00071 250 365 14600 115 169 51 73 
128.3 1000 2500 0.00071 500 365 14600 94 149 43 65 
128.3 1000 2500 0.00071 1000 365 14600 74 128 35 57 
128.3 1000 2500 0.00071 1320 365 14600 66 120 32 53 
128.3 1000 2500 0.00071 2000 365 14600 54 108 27 49 
128.3 1000 2500 0.00071 3500 365 14600 37 91 20 42 
128.3 1000 2500 0.00071 5000 365 14600 27 81 16 38 
128.3 1000 2500 0.00071 7500 365 14600 15 69 11 33 
128.3 1000 2500 0.00071 10000 365 14600 6 61 8 30 
128.3 1000 ',500 0.00071 15000 365 14600 0 49 3 25 
128.3 1000 2500 0.00071 20000 365 14600 0 40 0 21 
128.3 1000 2500 0.00071 30000 365 14600 0 28 0 17 
128.3 1000 2500 0,00071 50000 365 14600 0 13 0 11 
128.3 1000 2500 0.00071 100000 365 14600 0 0 0 3 

. 6. Meridian Oil, Inc., San Juan Co., Pump Canyon SWD, Well No. 1 J 
(injection volume 138,940 bbl in March 1990 • 4482 bbls/day = 3.11 bpm • 130.7 gpm; fluid density• 1.011, porosity• 0.24) 

Q Transmissivity Storage Racfaal Dis- Injection Time Head-buildue {Ml} 

(injection rate {apdlft} Coefficient tance from {da~s} • low transmissivi!l hiSh transmissivi!l 
ingpm) low hi{tl (unitless) Well (ft) time 1 time2 time 1 time2 time 1 time2 

130.7 748 3748 0.00044 1 365 14600 381 455 83 97 
130.7 748 3748 0.00044 100 365 14600 197 271 46 60 
130.7 748 3748 0.00044 250 365. 14600 160 234 38 53 
130.7 748 3748 0.00044 500 365 14600 132 206 33 48 

130.7 748 3748 0.00044 1000 365 14600 105 179 27 42 
130.7 748 3748 0.00044 1320 365 14600 93 167 25 40 
130.7 748 3748 0.00044 2000 365 14600 n 151 22 37 
130.7 748 3748 0.00044 3500 365 14600 54 128 17 32 
130.7 748 3748 0.00044 5000 365 14600 40 114 14 29 
130.7 748 3748 0.00044 7500 365 14600 24 98 11 26 

' 130.7 748 3748 0.00044 10000 365 14600 12 86 9 24 
130.7 748 3748 0.00044 15000 365 14600 0 70 6 20 
130.7 748 3748 0.00044 20000 365 14600 0 58 3 18 
130.7 748 3748 0.00044 30000 365 14600 0 42 0 15 
130.7 748 3748 0.00044 50000 365 .14600 0 22 0 11 

130.7 748 3748 0.00044 100000 365 14600 0 0 0 5 

(continued on next page) 
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APPENDIX V (continued) 

7. Meridian Oil, Inc., Rio Arriba Co., San Juan 30-6 Unit, Well No. 112Y A 
(injection volume 197,508 bbl in April 1990 • 6854 bbls/day ... 4.57 bpm • 192 gpm; fluid density• 1.018, porosity• 0.24) 

Q Transmissivity Storage Radial Dis- Injection Time Head.buildue {Ahl 
(injection rate {Spd/ft} Coefficient tance from (da:z:s} low transmissivi!:z: hiSh transmissivi!:z: 

ingpm) low high (uhitless) Well (ft) time 1 time2 time 1 time2 time 1 time2 

192 1000 2500 0.00199 1 365 14600 392 474 165 198 
192 1000 2500 0.00199 100 365 14600 190 :m 84 116 
192 1000 2500 0.00199 250 365 14600 149 231 68 100 
192 1000 2500 0.00199 500 365 14600 119 200 56 88 
192 1000 2500 0.00199 1000 365 14600 88 169 43 76 
192 1000 2500 0.00199 1320 365 14600 76 157 38 71 
192 1000 2500 0.00199 2000 365 14600 58 139 31 64 
192 1000 2500 0.00199 3500 365 14600 33 114 21 54 
192 1000 2500 0.00199 5000 365 14600 17 99 15 48 
192 1000 2500 0.00199 7500 365 14600 0 81 8 40 
192 1000 2500 0.00199 10000 365 14600 0 68 3 35 
192 1000 2500 0.00199 15000 365 14600 0 50 0 28 
192 1000 2500 0.00199 20000 365 14600 0 38 0 23 
192 1000 2500 0.00199 30000 365 14600 0 20 0 16 
192 1000 2500 0.00199 50000 365 14600 0 0 0 7 
192 1000 2500 0.00199 100000 365 14600 0 0 0 0 

8. Merrion Oil & Gas Corp., Sandoval Co., Federal 11 C, Well No. 2 P 
(injection volume 139,100 bbl in March 1990 .. 4487 bbls/day • 3.12 bpm = 130.9 gpm; fluid density• 1.016, porosity• 0.16) 

Q Transmissivity Storage Radial Dis• Injection Time Head.buildue (Ahl 
(injection rate (gpd/ftl Coefficient tance from {da:z:s} low transmissivi!:z: hiSh transmissivi!:z: 

ingpm) low high (uhitless) Well (ft) time 1 time2 time 1 time2 time 1 time2 

130.9 748 2992 0.00100 1 365 14600 366 440 98 117 

130.9 748 2992 0.00100 100 365 14600 181 255 52 71 

130.9 7,ca 2992 0.00100 250 365 14600. 144 218 43 61 

130.9 748 2992 0.00100 500 365 14600 116 190 36 55 

130.9 748 2992 0.00100 1000 365 14600 88 162 29 48 
130.9 748 2992 0.00100 1320 365 14600 77 151 26 45 
130.9 7,ca 2992 0.00100 2000 365 14600 61 135 22 41 
130.9 748 2992 0.00100 3500 365 14600 38 112 17 35 
130.9 7,ca 2992 0.00100 5000 365 14600 24 98 13 31 
130.9 748 2992 0.00100 7500 365 14600 8 82 9 27 
130.9 748 2992 0.00100 10000 365 14600 0 70 6 24 
130.9 7,ca 2992 0.00100 15000 365 14600 0 54 2 20 
130.9 748 2992 0.00100 20000 365 14600 0 42 0 18 
130.9 748 2992 0.00100 30000 365 14600 0 26 0 13 
130.9 748 2992 0.00100 50000 365 14600 0 6 0 8 
130.9 748 2992 0.00100 100000 365 14600 0 0 0 

(continued on next page) 
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APPENDIX V (continued) 

9. Merrion Oil and Gas Corp., San Juan Co., Santa Fe 20, Well No. 2 F 

Onjection volume 133,121 bbl in March 1990 = 4294 bbls/day =2.98 bpm = 125.2 gpm; fluid density= 1.015, porosity= 0.24) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Mil 
(injection rate ~pd/ft) Coefficient tance from {da:t:s} low transmissivi!:t'. hi1;1h transmissivi!:t'. 

ingpm) low higi (unitless) Well (ft) time 1 time2 time 1 time2 time 1 time2 

125.2 748 2500 0.00192 1 365 14600 337 408 108 129 
125.2 748 2500 0.00192 100 365 14600 160 231 55 76 
125.2 748 2500 0.00192 250 365 14600 125 196 44 66 
125.2 748 2500 0.00192 500 365 14600 99 169 36 58 
125.2 748 2500 0.00192 1000 365 14600 72 143 28 50 
125.2 748 2500 0.00192 1320 365 14600 61 132 25 46 
125.2 748 2500 0.00192 2000 365 14600 45 116 21 42 
125.2 748 2500 0.00192 3500 365 14600 24 95 14 35 
125.2 748 2500 0.00192 5000 365 14600 10 81 10 31 
125.2 748 2500 0.00192 7500 365 14600 0 65 5 27 
125.2 748 2500 0.00192 10000 365 14600 0 54 2 23 
125.2 748 2500 0.00192 15000 365 14600 0 39 0 19 
125.2 748 2500 0.00192 20000 365 14600 0 28 0 15 
125.2 748 2500 0.00192 30000 365 14600 0 12 0 11 
125.2 748 2500 0.00192 50000 365 14600 0 0 0 5 
125.2 748 2500 0.00192 100000 365 14600 0 0 0 0 

10. Tiffany Gas Co., San Juan Co., USG Section 19, Well No. 171 

Onjection volume 133,121 bbl in March 1990 • 4294 bbls/day =2.98 bpm"' 125.2 gpm; fluid density• 1.003, porosity'"' 0.24) 

Q Transmissivity Storage Radial Dis- Injection Time Head-buildue {Mil 
Onjection rate ~pd/ft} Coefficient tance from {da:t:s} low transmissivi!:t'. hi1;1h transmissivi~ 

ingpm) low high (unitless) Well (ft) time 1 time2 time 1 time2 time 1 time2 

20;5 500 2500 0.00201 1 365 14600 80 98 18 21 
20.5 500 2500 0.00201 100 365 14600 37 55 9 12 
20.5 500 2500 0.00201 250 365 14600 29 46 7 11 
20.5 500 2500 0.00201 500 365 14600 22 39 6 9 
20.5 500 2500 0.00201 1000 365 14600 16 33 5 8 

20.5 500 2500 0.00201 1320 365 14600 13 30 4 8 
20.5 500 2500 0.00201 2000 365 14600 9 26 3 7 
20.5 500 2500 0.00201 3500 365 14600 4 21 2 6 
20.5 500 2500 0.00201 5000 365 14600 0 18 2 5 
20.5 500 2500 0.00201 7500 365 14600 0 14 1 4 
20.5 500 2500 0.00201 10000 365 14600 0 11 0 4 
20.5 500 2500 0.00201 15000 365 14600 0 7 0 3 
20.5 500 2500 0.00201 20000 365 14600 0 5 0 2 
20.5 500 2500 0.00201 30000 365 14600 0 1 0 2 
20.5 500 2500 0.00201 50000 365 14600 0 0 0 1 
20.5 500 2500 0.00201 100000 365 14600 0 0 0 0 
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INJECTION WELLS,. GREATER PERMIAN BASIN 
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Fisher Co., RRC Dist. 78, Claytonville field, General Crude Oil Co., 

Project No. F0694, at 5900 ft depth. 

lnj. rate t1= 1 ~ 12= 15.5yrs 
0--38508PD T s r t1=1yr t2=15.5yrs ~h AP ~ AP 

gpm Qpd/ft (Dimensionless) ft days days ft psi ft psi 

112.29 28.21 0.000272 365 5658 7415 3448 8666 4029 

112.29 28.21 0.000272 100 365 5658 3211 1493 4462 2075 

112.29 28.21 0.000272 250 365 5658 2375 1104 3626 1686 

112.29 28.21 0.000272 500 365 5658 1742 810 2993 1392 

112.29 28.21 0.000272 1000 365 5658 1109 516 2360 1098 

112.29 28.21 0.000272 1320 365 5658 856 398 2107 980 

112.29 28.21 0.000272 2000 365 5658 4n 222 1728 803 

1.12.29 28.21· 0,000272 3500 365 5658 0 0 1217 566 

112.29 28.21 0.000272 5000 365 5658 0 0 891 414 

112.29 28.21 0.000272 7500 365 5658 0 0 521 242 

112.29 28.21 0.000272 10000 365 5658 0 0 259 120 

112.29 28.21 0.000272 15000 365 5658 0 0 0 0 

112.29 28.21 0.000272 20000 365 5658 0 0 0 0 

112.29 28.21 0.000272 30000 365 5658 0 o· 0 0 

112.29 28.21 0.000272 50000 365 5658 0 0 0 0 
112.29 28.21 0.000272 100000 365 5658 0 0 0 0 

Variables: a - injection rate; T - transmissivity; S - storage coefficient; r - radial distance from well bore; t1 & t2 - time; 

~ - change of hydraulic head (function of injection rate, transmissivity, storage, distance, and time). 
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APPENDIX VII 

HEAD-BUILDUP DATA FOR SELECTED ENHANCED-RECOVERY 

INJECITON WELLS, SOU1H TEXAS BASIN 
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1. McMullen Co., RRC Dist. 1, Compana So. field, Mobil, 

Project No. F004, at 3000 ft depth. 

lnj. rate t1= 1 Y! 12= 8 Y!S 
0--2320BPD T s r t1=1yr t2=8yrs .:\h &p .:\h &p 

gpm gpd/ft (Dimensionless) ft days days ft psi ft psi 

67.67 32;76 0.000013 1 365 2920 4603 2140 5095 2369 
67.67 32.76 0.000013 100 365 2920 2422 1126 2914 1355 
67.67 32.76 0.000013 250 365 2920 1988 924 2480 1153 
67.67 32.76 0.000013 500 365 2920 1659 n2 2152 1001 
67.67 32.76 0.000013 1000 365 2920 1331 619 1824 848 
67.67 32.76 0.000013 1320 365 2920 1200 558 1692 787 

67.67 32.76 0.000013 2000 365 2920 1003 466 1495 695 

67.67 32.76 0.000013 3500 365 2920 738 343 1230 572 
67.67 32.76 0.000013 5000 365 2920 569 264 1061 493 

67.67 32.76 0.000013 7500 365 2920 3n 175 869 404 

67.67 32.76 .0.000013 10000 365 2920 240 112 733 341 
67.67 32.76 0.000013 15000 365 2920 48 22 541 251 
67.67 32.76 0.000013 20000 365 2920 0 0 405 188 
67.67 32.76 0.000013 30000 365 2920 0 0 212 99 
67.67 32.76 0.000013 50000 365 2920 0 0 0 0 
67.67 32.76 0.000013 100000 365 2920 0 0 0 0 

2. Duval Co., RRC Dist 4, Loma Novia field, Weco Dev.·corp., 

Project No. F0394, at 2500 ft depth. 

lnj. rate t1= 1 yr 12= 13yrs 
0=580BPD T s r t1=1yr t2=13yrs .:\h &p .:\h &p 

gpm gp<W (Dimensionless) ft days days ft psi ft psi 

16.92 55.26 0.000024 1 . 365 4745 679 316 769 358 

16.92 55.26 0.000024 100 365 4745 356 166 446 207 

16.92 55.26 0.000024 250 365 4745 292 136 382 178 

16.92 55.26 0.000024 500 365 4745 243 113 333 155 

16.92 55.26 0.000024 1000 365 4745 194 90 285 132 

16.92 55.26 0.000024 1320 365 4745 175 81 265 123 
16.92 55.26 0.000024 2000 365 4745 146 68 236 110 

16.92 55.26 0.000024 3500 365 4745 107 50 197 91 

16.92 55.26 0.000024 5000 365 4745 81 38 172 .80 

16.92 55.26 0.000024 7500 365 4745 53 25 143 67 

16.92 55.26 0.000024 10000 365 4745 33 15 123 57 

16.92 55.26 0.000024 15000 365 4745 4 2 94 44 

16.92 55.26 0.000024 20000 365 4745 0 0 74 35 

16.92 55.26 0.000024 30000 365 4745 0 0 46 21 

16.92 55.26 0.000024 50000 365 4745 0 0 10 • 5 

16.92 55.26 0.000024 100000 365 4745 0 0 0 0 

Variables: a - injection rate; T - transmissivlly; S - storage coefficient; r - radial distance from well bore; t1 & t2 - time; 

.:\h - change of hydrauric head (function of injection rate, transmissivity, storage, distance, and time). 
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