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HYDROGEOLOGIC DATA FOR THE CAPITAN AQUIFER AND TANSILL 

FORMATION IN SOUTHEASTERN NEW MEXICO R E C E I V 

The Capitan aquifer is the primary source of fresh water for the City of Carlsbad 

and several other communities in Eddy County, New Mexico. In addition, the Capitan 

aquifer is also a source for irrigation water in southeastern New Mexico. The Goat Seep 

and Capitan Limestones are composed of limestone and dolomite with minor amounts of 

siltstone and sandstone. These units appear to have similar hydraulic properties and are 

treated as the Capitan aquifer (Hiss, 1973, p7). 

The Tansill Formation consists primarily of thin-bedded light-gray to grayish-

brown dolomite in a carbonate facies and of gypsum and red clay and silt in an evaporite 

facies. The Tansill Formation is probably above the zone of saturation except near the 

Capitan reef and in the area between Lake Avalon and Carlsbad Springs (Cox, 1967, pl6). 

Solution openings have formed in the dolomite of the Tansill Formation from the south 

shore of Lake Avalon to near Carlsbad Springs just north of Carlsbad. These solution 

openings are interconnected, and water moves from Lake Avalon through these solution 

channels mixes with water in the Capitan aquifer and becomes part of the discharge to 

Carlsbad Springs/Water that leaks from Lake Avalon has a specific conductance of greater 

than 5,000 micromhos and water from aquifers not influenced by Pecos River water has 

specific conductance of generally less than 1,000 micromhos (Cox, 1967, p. 39 and plate 

The study area includes Carlsbad and Jal, New Mexico in parts of Eddy and Lea 

Counties. The study is designed to compile and collect hydrologic data for the Capitan 

aquifer and the Tansill Formation, between Lake Avalon and Carlsbad, figure 1. 

The Office of the New Mexico State Engineer (SEO) is interested in the Capitan 

aquifer and the Tansill Formation and need data compilation and data collection to support 
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management of the water resources in the study area. 

PROBLEM 

Two problems which hinder water management of the Capitan aquifer are; (1) 

there has not been a comprehensive assessment of existing hydrogeologic data on the 

Capitan aquifer since 1973 and (2) the hydrogeologic data that has been collected since 

1973 have not been compiled and typically are found in paper files at several locations. 

Hiss (1973) presents data for 12 observation wells. A comprehensive inventory of wells 

and data compilation have not been done. Therefore, the existing hydrogeologic data for 

the Capitan aquifer needs to be compiled, reviewed, and entered into a data base and data 

need to be collected to update existing data and to improve the areal extent of data 

collection. The improved data base can be used by water management officials and others 

involved in hydrologic studies of the study area. 

Richey and others (1985, p 11) summarizing from Bjorklund and Motts (1959) 

report that water with dissolved solids concentrations of 3,000 to 10,000 milligrams per 

liter could be moving through the Tansill Formation and the Capitan Limestone from Lake 

Avalon to the vicinity of the north west parts of Carlsbad. Documentation of wells in the 

Tansill Formation, water levels in these wells, and the quality of water from the Tansill 

Formation is lacking. The compilation of historic and current hydrologic information will 

result in a better understanding of the water resources of the Capitan aquifer and the 

Tansill Formation. 

PROJECT OBJECTIVES 

The objectives of this investigation are: (1) to compile the existing water-level, 

water-quality, and aquifer test data and enter it into the USGS data base (2) evaluate the 

regional coverage of the compiled data and determine areas where data gaps exist or areas 

where further data collection is needed; and (3) update water-level and water-quality data 

for the Capitan aquifer in Eddy and Lea Counties and for the Tansill Formation between 

Lake Avalon and the City of Carlsbad. 
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PURPOSE 

The purpose of this study is to provide updated comprehensive hydrogeologic data 

for the Capitan aquifer and Tansill Formation. This will help support sound management 

of the water resources of the Capitan aquifer and provide a foundation for future 

hydrogeologic studies. 

APPROACH 

This investigation is divided into two Phases. In general, phase I is designed to 

compile and enter existing data into the USGS data base. Phase II is designed to collect 

new data to update data collected in the past and to collect new data in areas where data 

have not been collected and to complete a report that presents the existing and new data. 

Phase I 

Phase I consists of reviewing and compiling existing hydrogeologic data at the 

SEO office in Roswell and from other agencies and organizations and entering these data 

into the USGS Ground-Water Site Inventory (GWSI) computer data base. Specitic-

objectives of Phase I are given in the following section. 

Objectives Of Phase I 

1. Compile and review existing ground-water information on the Capitan aquifer and Tansill 

Formation. 

2. Determine and assign aquifer designations to wells finished in the Capitan aquifer and 

Tansill Formation. 

3. Update USGS GWSI data base with the data from objective 1 

4. Evaluate the quality and quantity of the existing and new well information data and the 

regional coverage of this data. 

Approach Of Phase I 

The previously listed objectives for Phase I of this study will be accomplished by 

conducting the following work elements. 

1. Literature search. Conduct a literature search for ground-water information, including 
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aquifer test data, for the Capitan aquifer and Tansill Formation by reviewing publications 

from Federal and State agencies, and from NMSU library and inter-library loan data base 

of Master Thesis or Doctoral Dissertations. At the end of each Phase a preliminary 

ground-water bibliography will be compiled from the citations obtained. As part of the 

literature review, in the first quarter of the project, a base map will be prepared using the 

Geographic Information System (GIS). The map will be prepared from existing digital 

data of the area. 

2. Compile and review existing well record, water-level, and water-quality data. There 

are approximately 400 wells completed in the Capitan aquifer that the SEO in Roswell 

collects water-level measurements from and about 150 to 200 of these wells are entered 

into USGS GWSI computer data base. Therefore, approximately 200 to 250 well record 

schedules with water-level measurements need to be compiled, reviewed, coded onto 

GWSI schedules, and entered into the GWSI computer data base. Review should include 

verification of well record data and aquifer assignment. As part of the direct services the 

SEO will be responsible for compiling, reviewing, and coding the SEO well records that 

have well location and construction information and water-level measurements onto 

GWSI forms. To enter a well record into the USGS GWSI data base the following 

minimum information is required: Project number, Station name, Location map, 

Map scale, Altitude, Hydrologic unit code, Use of water, Water level and / or site 

status, Water level date, and if a water level is measured; Measuring point date, 

Measuring point height, Measuring point-description, Date of visit, and Name of 

Person. Any additional well information (i.e., owner, driller, depth of well, casing 

size, yield, SEO well identification #, etc.) can be and should be coded onto the form. 

The USGS will train SEO staff in the interpretation of well location and completion data 

and water-level information as it pertains to coding the GWSI forms. 

The following agencies have been contacted and either have sparse water-level 

data on the Capitan aquifer (these agencies stated that the SEO in Roswell also has their 
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data) or they have no data: BLM, OCD, Soil Conservation Service (SCS), and the State 

Land Offices in Roswell, Hobbs, and Santa Fe. There will be continued contact with other 

agencies to determine if there is additional water-level information. Agencies that will be 

contacted during Phase I include the Bureau of Reclamation (BOR), County agencies, 

Roswell Geological Society, Texas Bureau of Economic Geology and any others 

suggested by the SEO. 

Quality control restrictions limit the water-quality data that can be entered into the 

USGS water-quality data base (QWDATA). If the sample collection procedures cannot be 

verified to have met USGS standards and if the analyses were not performed in a USGS 

sanctioned laboratory the data cannot be entered into QWDATA. Existing data found in 

other agency files may not meet the quality control restrictions. 

A search and compilation of existing USGS data, that is not in the data base will be 

made. Water-quality data prior to 1968 may not be in the data base but exists on card files 

in the USGS district office. If these data exist they will be entered into (QWDATA) by the 

USGS. 

Existing hydrogeologic data for wells, found as a result of this work element, that 

are not in the USGS data base, or do not have an aquifer assigned to the units in which the 

well is finished, will be entered into the GWSI data base if there is reliable location 

information and adequate information is available so that an aquifer designation can be 

made. Wells that meet these criteria will be compiled and the existing data coded on the 

GWSI coding forms by SEO as part of the direct services credit. A map that shows the 

well location will be completed by the USGS after discussion with the SEO personnel. As 

part of this work effort the projection of the Capitan aquifer, figure 12 of Hiss (1975), and 

the Tansill Formation, plate 3 of Cox (1967), at land surface will be made on the base map 

using GIS. Well locations will be plotted on the resulting map along with well depth and 

the depth of the open section in the well. These data are needed to estimate the formation 

producing water pumped from the well. Well locations that are above the subsurface 
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projection of the Capitan aquifer and the Tansill Formation and between Lake Avalon and 

the City of Carlsbad will have the aquifer designations assigned by the USGS. After the 

aquifer designations have been made, the GWSI coding sheets will be updated by the 

USGS with the aquifer information and these wells entered in GWSI. 

3. Collection of aquifer test data. Aquifer test data will be collected and compiled during the 

ongoing literature search. At the end of each Phase aquifer test data will be compiled from 

the literature search conducted during that time period. This element will continue until 

the last quarter of 1996, when aquifer test data collection will stop. The data will be 

included in the final report. 

4. Evaluate existing data and plan the collection of new data. Evaluate the regional 

coverage of the existing data by plotting well locations on a map or maps of the study area 

where water-level measurements, water-quality samples, aquifer designations, and aquifer 

test data have been obtained. This will provide a means of evaluating the areal coverage of 

water-level and water-quality data so future data collection (Phase II) can be planned 

according to the cooperators needs and available resources. 
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Schedule Of Work For Phase I (FY 95) 

Note: [X refers to USGS activities and S refers to SEO activities. Work elements are specified by quarter and do not 

imply that effort will continue all quarter.) 

Quarter 

Work Element 

1. Literature search 

2. Compile, review, and 

code existing water level 

and water-quality data 

3 Compile well data for 

mapping for aquifer 

designation 

4. Prepare map of wells 

for aquifer designation 

5. Determine aquifer 

designations 

6. Compile and code 

aquifer test data 

7. Enter coded data into 

GWSI and QWDATA 

8. Compile a preliminary 

table and maps of water 

level, aquifer test, and water 

quality data 

8. Review and evaluation 

meeting with cooperator 

1 2 

.lul Aug Sep Oct Nov Dec 

XS 

FY 95 

3 4 

Jan Feb Mar Apr Mav .lun 

XS 

X 

7 



Quarter 

Schedule Of USGS Man Days By Work Element For Phase I (FY 95) 

FY 95 

1 2 

lul Aug Sep Oct Nov Dec 

3 4 

.Ian Feb Mar Apr May .Ium 

Work Element 

1. Literature search 

including generation of 

GIS base map 

2. Compile, review, and 

code existing water-level 

and water-quality data 

3 Compile well data for 

mapping for aquifer 

designation 

4. Prepare map of wells 

for aquifer designation 

5. Determine aquifer 

designations 

6. Compile and code aquifer 

test data 

6. Enter coded data into 

GWSI and QWDATA 

7. Compile a preliminary table 

and maps of water level, aquifer 

test, and water quality data 

8. Review and evaluation meeting 

with cooperator 

Note: S refers to SEO activities 

16 

16 11;S 2;S 
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Products For Phase I 

The primary product of phase I will be an updated GWSI and QWDATA data base. 

In addition a preliminary map or maps of the study area showing well locations; the 

availability of water-level, water-quality, aquifer-test data; and the aquifer designation will 

be produced. These maps will be used to design the data collection program during phase 

II. 

USGS Personnel Requirements For Phase I 

The following lists the estimated number of work days required for Phase I : 

FY95 

Hydrologist 41 

Hydrologic Technician 10 

Hydrologic Aid 14 

Geographer (GIS) 12 

Computer Programmer (GIS) 7 

SEO Personnel Requirements For Phase I 

The following lists the estimated number of work days required for Phase I : 

FY95 

Water Resource Specialist I I 34 

Project Costs 

The estimated cost for Phase I is as follows: 

New Mexico State Fiscal Year. 

FY95 

Salaries $30,400 

Travel and per diem 3,400 

Vehicles 2,900 

Direct services • 1,000 

Total $37,700 
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Phase II 

Phase II of this investigation will focus on collecting new hydrogeologic data on 

the Capitan aquifer and Tansill Formation. Objectives and Approach for Phase II are given 

in the following sections. 

Objectives Of Phase II 

The specific objectives of Phase II are: 

1. Evaluate present data and plan for new data collection as determined from discussions with 

the SEO. 

2. Update GWSI with new water-level and water-quality data by measuring water levels and 

collecting water samples from selected wells in critical areas as determined from 

discussions with SEO. Update GWSI with aquifer-test data and with water-use data 

obtained from the SEO. 

3. Update table 2 of Hiss (1973) with specific gravity data of water in the well bore of the 

original Hiss network wells. Update and add to the data in table 2 of Hiss (1973) by 

collecting water samples from wells selected in objective 1 of phase II from wells in the 

study area that are equipped with pumps. These samples will be analyzed for the same 

constituents as shown in table 2 of Hiss (1973) 

4. Update and populate water-use data base using data from SEO files for calendar years 1995 

and 1996. 

5. Present historical and current hydrologic data in an Open-File data report. 

Approach Of Phase I I 

The objectives for Phase II of this study will be accomplished by conducting the 

following work elements. 

1. Evaluate present data and plan for new data collection. Using the maps and tables 

generated as a result of Phase I data compilation determine, with staff of the SEO, areas 

where new and additional data needs to be collected. Identify existing wells and the 

number of wells that can be utilized to collect water-level measurements and water-quality 

10 



samples. The observation well network of Hiss (1973) consisted of twelve wells, nine are 

abandoned oil and gas wells completed in the Capitan aquifer, two are owned by the City 

of Carlsbad, and one is owned by Forrest Miller. Continuous water-level data are presently 

collected at the two wells owned by the City of Carlsbad and one well owned by Forrest 

Miller. These three wells are located within 12 miles of the City of Carlsbad. The other 

nine abandoned oil and gas wells used as observation wells by Hiss are located on a 

southeasterly arcuate trend from the City of Carlsbad to the Texas state line, and have 

shelters over the wellhead. 

2. Collect new water-level and water-quality data. Water levels will be measured during the 

winter of 1995-96 in the wells shown in Hiss (1973) and in wells selected by the SEO and 

the USGS. Water-level measurements made in the wells previously measured by Hiss 

(1973) will be made with steel tape coated with "color cut" which delineates oil floating 

on the water surface. The locations of each well visited will be determined with a Global 

Positioning System (GPS) and the data base updated, if needed, with the GPS determined 

locations. 

An understanding of specific gravity changes of the fluid in the well bore will be 

determined by collecting water samples from the Hiss network wells. If the water-level 

measurement data indicates oil floating on the water surface a sample of the oil will be 

obtained using a thief sampler. Specific gravity of the sample will be determined in the 

field. Stratified water-quality sampling in wells will be completed using a thief sampler. 

These samples will be obtained at the same depths from which Hiss obtained samples. 

Specific gravity data will be used to adjust water-level measurements where specific 

gravity of the water is greater than one. Specific gravity of the formation water will be 

assumed to be similar to water from nearby production wells, if any, or to be the same as 

reported in Hiss (1973). 

Water samples will be collected from selected production wells as determined with 

discussions of the staff of the SEO. Well locations will be checked with the GPS 
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Anions 

equipment. These production wells will be sampled in the summer of 1996. The samples 

will be analyzed for the following constituents: 

Cations 

calcium magnesium 

sodium sodium + potassium 

potassium boron 

iron silica 

bicarbonate carbonate 

sulfate chloride 

fluoride nitrogen 

bromide 

Physical Properties 

total alkalinity as calcium carbonate 

pH specific electrical conductance 

temperature 

total dissolved solids (residue on evaporation at 180 degrees Celsius). 

3. Data analysis. Once the water-level measurements are collected and the water samples 

analyzed, the data will be compiled and entered into GWSI and QWDATA. Then 

construction of well record tables will begin and where applicable, table 2 of Hiss (1973) 

will be updated. Hydrographs for wells with long-term water-le ; l records will be 

constructed. Current water-level data will be compared to historic data and where long-

term water-level records exist a map showing water-level changes will be constructed. A 

current water-level map and total dissolved solids concentration map will be constructed 

for the Capitan aquifer and for the Tansill Formation if enough data are collected. The 

chloride ion concentration from existing data in wells completed in the Capitan aquifer 

(and Tansill Formation) along with the new chloride concentration data will be plotted 

12 



either graphically or on a map, similar to the Figure 8 in Hendrickson and Jones (1952). 

4. Collection of water-use data. SEO will require that meters be installed on wells no later 

than January 1, 1994 in their Carlsbad and Capitan ground water basins, which essentially 

covers the extent of the Capitan aquifer in New Mexico. Therefore, ground water 

withdrawal data for the Capitan aquifer should be compiled at the end of the calendar year 

(1996) by the SEO as part of direct services and be a product of Phase II. The SEO will 

provide well locations, well owners, available meter readings or the amount of water used, 

and the water use category to the USGS. The USGS will present the data in table format in 

the data report. 

5. Continue collection of aquifer-test data. During Phase II aquifer test data for the Capitan 

aquifer and Tansill Formation will be compiled from data acquired during the ongoing 

literature search. 

6. Final report preparation and publishing. With maps, charts, and tables completed, a 

USGS Open-File data report will be prepared. The report will discuss methods used to 

collect the data. Water-level data will be adjusted to a specific gravity of 1 and the method 

used to make the adjustment will be briefly discussed Hiss (1973). 
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Schedule Of Work For Phase II (FY 96) 

Note: [X refers to USGS activities and S refers to SEO activities. Work elements are specified by 

quarter and do not imply that effort will continue all quarter.] 

FY 96 

Quarter 1 2 3 4 

Jul Auy Sent Oct Nov Dec .Ian Feb Mar Apr Mav lun 

Work Element 

1. Evaluate existing 

data. Identify wells for 

collecting water 

level and water 

quality data XS 

2. Measure water levels. X 

3. Collect water quality 

samples X 

4. Collect and compile 

Water Use data S 

5. Collect aquifer test data X X X X 

6. Analyze data and enter 

into GWSI or QWDATA X X 

7. Construction of 

well record tables, 

hydrographs, and maps X 

8. Review meetings 

with cooperator X X X X 
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Schedule Of Work For Phase II (FY 97) 

FY 97 

Quarter 1 2 3 4 

•lul AUS SePt Oct NtfY Pec Jan Feb Mar Apr Mav Jun 

Work Element 

9. Compile and write 

text for draft of a USGS 

data report X 

10. Colleague review 

of report X 

11. Respond to 

reviewers comments X 

12. District approval, 

and publish report X 

13. Review meetings 

with cooperator X X X X 

Products For Phase II 

The final report for this project will be a USGS Open-File data report. The report 

will contain no interpretation, ft will contain the elements listed below. 

1. A table with well record information. The following information will be included in the 

table if available; well location (Township, Range, Section, quarters) well name, owner, 

depth of well, casing diameter, date well was completed, historical and current water 

levels, dates water levels were measured, use of water, water-bearing unit, altitude of land 

surface, and well yield. 

2. A map showing current, water-level data for the Capitan aquifer and Tansill Formation. 

3. A map showing total dissolved solids and chloride ion concentration for water from wells 
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completed in the Capitan aquifer and Tansill Formation. 

4. A map or graphical presentation showing historical and current chloride concentrations. 

5. Hydrographs for selected wells completed in the Capitan aquifer and Tansill Formation, 

including the Hiss network wells, where there is sufficient period of record. 

6. Data tables with historical and current water-quality results for water from selected wells 

completed in the Capitan aquifer and Tansill Formation. The Hiss network welis will nor. 

be sampled due to money constraints. 

7. Updated aquifer test data (if available) to compliment Table 6 df Richey and others (1985). 

8. Water use table showing well location, owner, water bearing unit, water use category, and 

amount of water used. 
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Schedule Of USGS Man Days By Work Element For Phase I I (FY 96) 

FY 96 

Quarter 1 2 3 4 

lul Aug Sept Oct Nov Dec Tan Feb Mar Apr Mav lun 

Work Element 

1. Evaluate existing 

data. Identify wells for 

collecting water 

level and water 

quality data 2;S 

2. Measure water levels. 3 30 

Collect water quality 

samples 3 36 

3. Collect and compile 

Water Use data S 

4. Collect aquifer test data 2 2 2 2 

5. Analyze data and enter 

into GWSI or QWDATA 10 10 

6. Construction of 

well record tables, 

hydrographs, and maps 16 

7. Review meetings 

with cooperator 2 2 2 2 

Note: S refers to SEO activities 
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Schedule Of USGS Man Days By Work Element For Phase II (FY 97) 

FY 97 

Quarter 1 2 3 4 

Jul Aug Sent Oct Nov Dec Ian Feb Mar Apr Mav Inn 

Work Element 

8. Compile and write 

text for draft of a USGS 

data report 18 

9. Colleague review 

of report 7 

10. Respond to 

reviewers comments 3 

11. District approval, 

and publish report 8 

12. Review meetings 

with cooperator 2 2 2 2 

Personnel Requirements For Phase II 

The following lists the estimated number: 

of work days required for Phase II : 

FY96 FY97 

Hydrologist 77 33 

Hydrologic Technician 44 

Geographer 5 

Editor 2 

Typist 4 

Draftsman 5 
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SEO Personnel Requirements For Phase II 

The following lists the estimated number of work days required for Phase II: 

FY96 

Water Resource Specialist II 34 

Project Costs 

The estimated cost for Phase II is as follows: 

New Mexico State Fiscal Year: 

FY96 FY97 

Salaries 43,300 14,300 

Travel and per diem 11,200 1,700 

Vehicles 4,300 1,300 

Printing and reproduction 0 19,100 

Supplies and materials 700 0 

Lab analysis (1 sample I well =$440; this 

includes; analysis, supplies and postage) 

estimating 1 well/day + manpower 

estimate is for 15 wells = 6,600 0 

Equipment purchase 2,100 0 

Direct services 1,000 0 

Total $69,200 $39,000 

SELECTED REFERENCES: 

Bjorklund, L.J., and Motts, W.S., 1959, Geology and water resources of the Carlsbad area, Eddy 

Count,. New Mexico: U.S. Geological Survey Open-File Report, 322p. 

Cox, E.R., 1967, Geology and Hydrology between Lake McMillan and Carlsbad Springs Eddy 

Count, New Mexico: U.S. Geological Survey Water Supply Paper 1828, 47p. 
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Mexico State Engineer Technical Report 38, 76p. 

Hiss, W.L., 1975, Stratigraphy and ground-water hydrology of the Capitan reef and associated 

formations, southeastern New Mexico and western Texas: Boulder, University of 
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HYDROGEOLOGIC DATA FOR THE CAPITAN AQUIFER AND TANSILL 

FORMATION IN SOUTHEASTERN NEW MEXICO 

Revised March, 1994 

INTRODUCTION 

The Capitan aquifer is the primary source of fresh water for the City of Carlsbad 

and several other communities in Eddy County, New Mexico. In addition, the Capitan 

aquifer is also a source for irrigation water in southeastern New Mexico. The Goat Seep 

and Capitan Limestones are composed of limestone and dolomite with minor amounts of 

siltstone and sandstone. These units appear to have similar hydraulic properties and are 

treated as the Capitan aquifer (Hiss, 1973, p7). 

The Tansill Formation consists primarily of thin-bedded light-gray to grayish-

brown dolomite in a carbonate facies and of gypsum and red clay and silt in an evaporite 

facies. The Tansill Formation is probably above the zone of saturation except near the 

Capitan reef and in the area between Lake Avalon and Carlsbad Springs (Cox, 1967, p!6). 

Solution openings have formed in the dolomite of the Tansill Formation from the south 

shore of Lake Avalon to near Carlsbad Springs just north of Carlsbad. These solution 

openings are interconnected, and water moves from Lake Avalon through these solution 

channels mixes with water in the Capitan aquifer and becomes part of the discharge to 

Carlsbad Springs. Water that leaks from Lake Avalon has a specific conductance of greater 

than 5,000 micromhos and water from aquifers not influenced by Pecos River water has 

specific conductance of generally less than 1,000 micromhos (Cox, 1967, p. 39 and plate 

5). 

The study area includes Carlsbad and Jal, New Mexico in parts of Eddy and Lea 

Counties. The study is designed to compile and collect hydrologic data for the Capitan 

aquifer and the Tansill Formation, between Lake Avalon and Carlsbad, figure 1. 

The Office of the New Mexico State Engineer (SEO) is interested in the Capitan 

aquifer and the Tansill Formation and need data compilation and data collection to support 
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management of the water resources in the study area. 

PROBLEM 

Two problems which hinder water management of the Capitan aquifer are; (1) 

there has not been a comprehensive assessment of existing hydrogeologic data on the 

Capitan aquifer since 1973 and (2) the hydrogeologic data that has been collected since 

1973 have not been compiled and typically are found in paper files at several locations. 

Hiss (1973) presents data for 12 observation wells. A comprehensive inventory of wells 

and data compilation have not been done. Therefore, the existing hydrogeologic data for 

the Capitan. aquifer needs to be compiled, reviewed, and entered into a data base and data 

need to be collected to update existing data and to improve the areal extent of data 

collection. The improved data base can be used by water management officials and others 

involved in hydrologic studies of the study area. 

Richey and others (1985, p 11) summarizing from Bjorklund and Motts (1959) 

report that water with dissolved solids concentrations of 3,000 to 10,000 milligrams per 

liter could be moving through the Tansill Formation and the Capitan Limestone from Lake 

Avalon to the vicinity of the north west parts of Carlsbad. Documentation of wells in the 

Tansill Formation, water levels in these wells, and the quality of water from the Tansill 

Formation is lacking. The compilation of historic and current hydrologic information will 

result in a better understanding of the water resources of the Capitan aquifer and the 

Tansill Formation. 

PROJECT OBJECTIVES 

The objectives of this investigation are: (1) to compile the existing water-level, 

water-quality, and aquifer test data and enter it into the USGS data base (2) evaluate the 

regional coverage of the compiled data and determine areas where data gaps exist or areas 

where further data collection is needed; and (3) update water-level and water-quality data 

for the Capitan aquifer in Eddy and Lea Counties and for the Tansill Formation between 

Lake Avalon and the City of Carlsbad. 
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PURPOSE 

The purpose of this study is to provide updated comprehensive hydrogeologic data 

for the Capitan aquifer and Tansill Formation. This will help support sound management 

of the water resources of the Capitan aquifer and provide a foundation for future 

hydrogeologic studies. 

APPROACH 

This investigation is divided into two Phases. In general, phase I is designed to 

compile and enter existing data into the USGS data base. Phase II is designed to collect 

new data to update data collected in the past and to collect new data in areas where data 

have not been collected and to complete a report that presents the existing and new data. 

Phase I 

Phase I consists of reviewing and compiling existing hydrogeologic data at the 

SEO office in Roswell and from other agencies and organizations and entering these data 

into the USGS Ground-Water Site Inventory (GWSI) computer data base. Specific 

objectives of Phase I are given in the following section. 

Objectives Of Phase I 

1. Compile and review existing ground-water information on the Capitan aquifer and Tansill 

Formation. 

2. Determine and assign aquifer designations to wells finished in the Capitan aquifer and 

Tansill Formation. 

3. Update USGS GWSI data base with the data from objective 1 

4. Evaluate the quality and quantity of the existing and new well information data and the 

regional coverage of this data. 

Approach Of Phase I 

The previously listed objectives for Phase I of this study will be accomplished by 

conducting the following work elements. 

1. Literature search. Conduct a literature search for ground-water information, including 
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aquifer test data, for the Capitan aquifer and Tansill Formation by reviewing publications 

from Federal and State agencies, and from NMSU library and inter-library loan data base 

of Master Thesis or Doctoral Dissertations. At the end of each Phase a preliminary 

ground-water bibliography will be compiled from the citations obtained. As part of the 

literature review, in the first quarter of the project, a base map will be prepared using the 

Geographic Information System (GIS). The map will be prepared from existing digital 

data of the area. 

2. Compile and review existing well record, water-level, and water-quality data. There 

are approximately 400 wells completed in the Capitan aquifer that the SEO in Roswell 

collects water-level measurements from and about 150 to 200 of these wells are entered 

into USGS GWSI computer data base. Therefore, approximately 200 to 250 well record 

schedules with water-level measurements need to be compiled, reviewed, coded onto 

GWSI schedules, and entered into the GWSI computer data base. Review should include 

verification of well record data and aquifer assignment. As part of the direct services the 

SEO will be responsible for compiling, reviewing, and coding the SEO well records that 

have well location and construction information and water-level measurements onto 

GWSI forms. To enter a well record into the USGS GWSI data base the following 

minimum information is required: Project number, Station name, Location map, 

Map scale, Altitude, Hydrologic unit code, Use of water, Water level and / or site 

status, Water level date, and if a water level is measured; Measuring point date, 

Measuring point height, Measuring point-description, Date of visit, and Name of 

Person. Any additional well information (i.e., owner, driller, depth of well, casing 

size, yield, SEO well identification #, etc.) can be and should be coded onto the form. 

The USGS will train SEO staff in the interpretation of well location and completion data 

and water-level information as it pertains to coding the GWSI forms. 

The following agencies have been contacted and either have sparse water-level 

data on the Capitan aquifer (these agencies stated that the SEO in Roswell also has their 
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data) or they have no data: BLM, OCD, Soil Conservation Service (SCS), and the State 

Land Offices in Roswell, Hobbs, and Santa Fe. There will be continued contact with other 

agencies to determine if there is additional water-level information. Agencies that will be 

contacted during Phase I include the Bureau of Reclamation (BOR), County agencies, 

Roswell Geological Society, Texas Bureau of Economic Geology and any others 

suggested by the SEO. 

Quality control restrictions limit the water-quality data that can be entered into the 

USGS water-quality data base (QWDATA). If the sample collection procedures cannot be 

verified to have met USGS standards and if the analyses were not performed in a USGS 

sanctioned laboratory the data cannot be entered into QWDATA. Existing data found in 

other agency files may not meet the quality control restrictions. 

A search and compilation of existing USGS data, that is not in the data base will be 

made. Water-quality data prior to 1968 may not be in the data base but exists on card files 

in the USGS district office. If these data exist they will be entered into (QWDATA) by the 

USGS. 

Existing hydrogeologic data for wells, found as a result of this work element, that 

are not in the USGS data base, or do not have an aquifer assigned to the units in which the 

well is finished, will be entered into the GWSI data base if there is reliable location 

information and adequate information is available so that an aquifer designation can be 

made. Wells that meet these criteria will be compiled and the existing data coded on the 

GWSI coding forms by SEO as part of the direct services credit. A map that shows the 

well location will be completed by the USGS after discussion with the SEO personnel. As 

part of this work effort the projection of the Capitan aquifer, figure 12 of Hiss (1975), and 

the Tansill Formation, plate 3 of Cox (1967), at land surface will be made on the base map 

using GIS. Well locations will be plotted on the resulting map along with well depth and 

the depth of the open section in the well. These data are needed to estimate the formation 

producing water pumped from the well. Well locations that are above the subsurface 



projection of the Capitan aquifer and the Tansill Formation and between Lake Avalon and 

the City of Carlsbad will have the aquifer designations assigned by the USGS. After the 

aquifer designations have been made, the GWSI coding sheets will be updated by the 

USGS with the aquifer information and these wells entered in GWSI. 

3. Collection of aquifer test data. Aquifer test data will be collected and compiled during the 

ongoing literature search. At the end of each Phase aquifer test data will be compiled from 

the literature search conducted during that time period. This element will continue until 

the last quarter of 1996, when aquifer test data collection will stop. The data will be 

included in the final report. 

4. Evaluate existing data and plan the collection of new data. Evaluate the regional 

coverage of the existing data by plotting well locations on a map or maps of the study area 

where water-level measurements, water-quality samples, aquifer designations, and aquifer 

test data have been obtained. This will provide a means of evaluating the areal coverage of 

water-level and water-quality data so future data collection (Phase II) can be planned 

according to the cooperators needs and available resources. 
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Schedule Of Work For Phase I (FY 95) 

Note: [X refers to USGS activities and S refers to SEO activities. Work elements are specified by quarter and do not 

imply that effort will continue all quarter.] 

Quarter 

Work Element 

1. Literature search 

2. Compile, review, and 

code existing water level 

and water-quality data 

3 Compile well data for 

mapping for aquifer 

designation 

4. Prepare map of wells 

for aquifer designation 

5. Determine aquifer 

designations 

6. Compile and code 

aquifer test data 

7. Enter coded data into 

GWSI and QWDATA 

8. Compile a preliminary 

table and maps of water 

level, aquifer test, and water 

quality data 

8. Review and evaluation 

. meeting with cooperator 

1 2 

Jul Aug Sep Oct Nov Dec 

XS 

FY 95 

Jan Feb Mar Apr Mav Jun 

XS 

X 

X X 
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Schedule Of USGS Man Days By Work Element For Phase I (FY 95) 

FY 95 

Quarter 1 2 3 4 

Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun 

Work Element 

1. Literature search 

including generation of 

GIS base map 16 4 2 2 

2. Compile, review, and 

code existing water-level 

and water-quality data 16 11;S 2;S 

3 Compile well data for 

mapping for aquifer 

designation S S 

4. Prepare map of wells 

for aquifer designation 4 

5. Determine aquifer 

designations 4 

6. Compile and code aquifer 

test data 4 

6. Enter coded data into 

GWSI and QWDATA 2 

7. Compile a preliminary table 

and maps of water level, aquifer 

test, and water quality data 9 

8. Review and evaluation meeting 

with cooperator 2 .2 2 2 

Note: S refers to SEO activities 
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Products For Phase I 

The primary product of phase I will be an updated GWSI and QWDATA data base. 

In addition a preliminary map or maps of the study area showing well locations; the 

availability of water-level, water-quality, aquifer-test data; and the aquifer designation will 

be produced. These maps will be used to design the data collection program during phase 

II. 

USGS Personnel Requirements For Phase I 

The following lists the estimated number of work days required for Phase I : 

FY95 

Hydrologist 41 

Hydrologic Technician 10 

Hydrologic Aid 14 

Geographer (GIS) 12 

Computer Programmer (GIS) 7 

SEO Personnel Requirements For Phase I 

The following lists the estimated number of work days required for Phase I : 

FY95 

Water Resource Specialist I I 34 

Project Costs 

The estimated cost for Phase I is as follows: 

New Mexico State Fiscal Year. 

FY95 

Salaries $30,400 

Travel and per diem 3,400 

Vehicles 2,900 

Direct services 1,000 

Total $37,700 
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Phase II 

Phase I I of this investigation will focus on collecting new hydrogeologic data on 

the Capitan aquifer and Tansill Formation. Objectives and Approach for Phase II are given 

in the following sections. 

Objectives Of Phase I I 

The specific objectives of Phase II are: 

1. Evaluate present data and plan for new data collection as determined from discussions with 

the SEO. 

2. Update GWSI with new water-level and water-quality data by measuring water levels and 

collecting water samples from selected wells in critical areas as determined from 

discussions with SEO. Update GWSI with aquifer-test data and with water-use data 

obtained from the SEO. 

3. Update table 2 of Hiss (1973) with specific gravity data of water in the well bore of the 

original Hiss network wells. Update and add to the data in table 2 of Hiss (1973) by 

collecting water samples from wells selected in objective 1 of phase I I from wells in the 

study area that are equipped with pumps. These samples will be analyzed for the same 

constituents as shown in table 2 of Hiss (1973) 

4. Update and populate water-use data base using data from SEO files for calendar years 1995 

and 1996. 

5. Present historical and current hydrologic data in an Open-File data report. 

Approach Of Phase I I 

The objectives for Phase II of this study will be accomplished by conducting the 

following work elements. 

1. Evaluate present data and plan for new data collection. Using the maps and tables 

generated as a result of Phase I data compilation determine, with staff of the SEO, areas 

where new and additional data needs to be collected. Identify existing wells and the 

number of wells that can be utilized to collect water-level measurements and water-quality 
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samples. The observation well network of Hiss (1973) consisted of twelve wells, nine are 

abandoned oil and gas wells completed in the Capitan aquifer, two are owned by the City 

of Carlsbad, and one is owned by Forrest Miller. Continuous water-level data are presently 

collected at the two wells owned by the City of Carlsbad and one well owned by Forrest 

Miller. These three wells are located within 12 miles pf the City of Carlsbad. The other 

nine abandoned oil and gas wells used as observation wells by Hiss are located on a 

southeasterly arcuate trend from the City of Carlsbad to the Texas state line, and have 

shelters over the wellhead. 

2. Collect new water-level and water-quality data. Water levels will be measured during the 

winter of 1995-96 in the wells shown in Hiss (1973) and in wells selected by the SEO and 

the USGS. Water-level measurements made in the wells previously measured by Hiss 

(1973) will be made with steel tape coated with "color cut" which delineates oil floating 

on the water surface. The locations of each well visited will be determined with a Global 

Positioning System (GPS) and the data base updated, if needed, with the GPS determined 

locations. 

An understanding of specific gravity changes of the fluid in the well bore will be 

determined by collecting water samples from the Hiss network wells. If the water-level 

measurement data indicates oil floating on the water surface a sample of the oil will be. 

obtained using a thief sampler. Specific gravity of the sample will be determined in the 

field. Stratified water-quality sampling in wells will be completed using a thief sampler. 

These samples will be obtained at the same depths from which Hiss obtained samples. 

Specific gravity data will be used to adjust water-level measurements where specific 

gravity of the water is greater than one. Specific gravity of the formation water will be 

assumed to be similar to water from nearby production wells, if any, or to be the same as 

reported in Hiss (1973). 

Water samples will be collected from selected production wells as determined with 

discussions of the staff of the SEO. Well locations will be checked with the GPS 
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Anions 

equipment. These production wells will be sampled in the summer of 1996. The samples 

will be analyzed for the following constituents: 

Cations 

calcium magnesium 

sodium sodium + potassium 

potassium boron 

iron silica 

bicarbonate carbonate 

sulfate chloride 

fluoride nitrogen 

bromide 

Physical Properties 

total alkalinity as calcium carbonate 

pH specific electrical conductance 

temperature 

total dissolved solids (residue on evaporation at 180 degrees Celsius). 

3. Data analysis. Once the water-level measurements are collected and the water samples 

analyzed, the data will be compiled and entered into GWSI and QWDATA. Then 

construction of well record tables will begin and where applicable, table 2 of Hiss (1973) 

will be updated. Hydrographs for wells with long-term water-le cl records will be 

constructed. Current water-level data will be compared to historic data and where long-

term water-level records exist a map showing water-level changes will be constructed. A 

current water-level map and total dissolved solids concentration map will be constructed 

for the Capitan aquifer and for the Tansill Formation if enough data are collected. The 

chloride ion concentration from existing data in wells completed in the Capitan aquifer 

(and Tansill Formation) along with the new chloride concentration data will be plotted 
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either graphically or on a map, similar to the Figure 8 in Hendrickson and Jones (1952). 

4. Collection of water-use data. SEO will require that meters be installed on wells no later 

than January 1, 1994 in their Carlsbad and Capitan ground water basins, which essentially 

covers the extent of the Capitan aquifer in New Mexico. Therefore, ground water 

withdrawal data for the Capitan aquifer should be compiled at the end of the calendar year 

(1996) by the SEO as part of direct services and be a product of Phase II . The SEO will 

provide well locations, well owners, available meter readings or the amount of water used, 

and the water use category to the USGS. The USGS will present the data in table format in 

the data report. 

5. Continue collection of aquifer-test data. During Phase II aquifer test data for the Capitan 

aquifer and Tansill Formation will be compiled from data acquired during the ongoing 

literature search. 

6. Final report preparation and publishing. With maps, charts, and tables completed, a 

USGS Open-File data report will be prepared. The report will discuss methods used to 

collect the data. Water-level data will be adjusted to a specific gravity of 1 and the method 

used to make the adjustment will be briefly discussed Hiss (1973). 
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Schedule Of Work For Phase II (FY 96) 

Note: [X refers to USGS activities and S refers to SEO activities. Work elements are specified 

quarter and do not imply that effort will continue all quarter.] 

FY 96 

Quarter 1 2 3 4 

Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr Mav Jun 

Work Element 

1. Evaluate existing 

data. Identify wells for 

collecting water 

level and water 

quality data XS 

2. Measure water levels. X 

3. Collect water quality 

samples X 

4. Collect and compile 

Water Use data „ S 

5. Collect aquifer test data X X X X 

6. Analyze data and enter 

into GWSI or QWDATA X X 

7 Construction of 

well record tables, 

hydrographs, and maps X 

8. Review meetings 

with cooperator X X X X 
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Schedule Of Work For Phase II (FY 97) 

FY 97 

Quarter 1 2 3 4 

Jul Aug Sept Oct Nov Dec Ian Feh Mar Anr Mav Tun 

Work Element 

9. Compile and write 

text for draft of a USGS 

data report X 

10. Colleague review 

of report X 

11. Respond to 

reviewers comments X 

12. District approval, 

and,publish report X 

13. Review meetings 

with cooperator X X X X 

Products For Phase II 

The final report for this project will be a USGS Open-File data report. The report 

will contain no interpretation. It will contain the elements listed below. 

1. A table with well record information. The following information will be included in the 

table if available; well location (Township, Range, Section, quarters) well name, owner, 

depth of well, casing diameter, date well was completed, historical and current water 

levels, dates water levels were measured, use of water, water-bearing unit, altitude of land 

surface, and well yield. 

2. A map showing current, water-level data for the Capitan aquifer and Tansill Formation. 

3. A map showing total dissolved solids and chloride ion concentration for water from wells 
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completed in the Capitan aquifer and Tansill Formation. 

4. A map or graphical presentation showing historical and current chloride concentrations. 

5. Hydrographs for selected wells completed in the Capitan aquifer and Tansill Formation, 

including the Hiss network wells, where there is sufficient period of record. 

6. Data tables with historical and current water-quality results for water from selected wells 

completed in the Capitan aquifer and Tansill Formation. The Hiss network welis will not 

be sampled due to money constraints. 

7. Updated aquifer test data (if available) to compliment Table 6 of Richey and others (1985). 

8. Water use table showing well location, owner, water bearing unit, water use category, and 

amount of water used. 
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Schedule Of USGS Man Days By Work Element For Phase II (FY 96) 

FY 96 

Quarter 1 2 3 4 

Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr Mav Jun 

Work Element 

1. Evaluate existing 

data. Identify wells for 

collecting water 

level and water 

quality data 2;S 

2. Measure water levels. 3 30 

Collect water quality 

samples 3 36 

3. Collect and compile 

Water Use data S 

4. Collect aquifer test data 2 2 2 2 

5. Analyze data and enter 

into GWSI or QWDATA 10 10 

6. Construction of 

well record tables, 

hydrographs, and maps 16 

7. Review meetings 

with cooperator 2 2 2 2 

Note: S refers to SEO activities 
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Schedule Of USGS Man Days By Work Element For Phase II (FY 97) 

FY 97 

Quarter 1 2 3 4 

Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr Mav Jun 

Work Element 

8. Compile and write 

text for draft of a USGS 

data report 18 

9. Colleague review 

of report 7 

10. Respond to 

reviewers comments 3 . . 

11. District approval, 

and publish report 8 

12. Review meetings 

with cooperator 2 2 2 2 

Personnel Requirements For Phase II 

The following lists the estimated number: 

of work days required for Phase JJ: 

FY96 FY97 

77 33 Hydrologist 

Hydrologic Technician 

Geographer 

Editor 

Typist 

Draftsman 

44 

5 

2 

4 

5 
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SEO Personnel Requfrements For Phase II 

The following lists the estimated number of work days required for Phase II : 

FY96 

Water Resource Specialist I I 34 

Project Costs 

The estimated cost for Phase II is as follows: 

New Mexico State Fiscal Year: 

FY96 FY97 

Salaries 43,300 14,300 

Travel and per diem 11,200 1,700 

Vehicles 4,300 1,300 

Printing and reproduction 0 19,100 

Supplies and materials 700 0 

Lab analysis (1 sample I well =$440; this 

includes; analysis, supplies and postage) 

estimating 1 well/day + manpower 

estimate is for 15 wells = 6,600 0 

Equipment purchase 2,100 0 

Direct services 1,000 0 

Total $69,200 $39,000 

SELECTED REFERENCES: 

Bjorklund, L.J., and Motts, W.S., 1959, Geology and water resources of the Carlsbad area, Eddy 

Count,. New Mexico: U.S. Geological Survey Open-File Report, 322p. 

Cox, E.R., 1967, Geology and Hydrology between Lake McMillan and Carlsbad Springs Eddy 

Count, New Mexico: U.S. Geological Survey Water Supply Paper 1828, 47p. 
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Hendrickson, G.E., and Jones, R.S., 1952, Geology and ground-water resources of Eddy County, 

New Mexico: Socorro, New Mexico Bureau of Mines and Mineral Resources Ground-

Water Report 3, 169 p. 

Hiss, W.L. 1973, Capitan aquifer observation-well network Carlsbad to Jal New Mexico: New 

Mexico State Engineer Technical Report 38, 76p. 

Hiss, W.L., 1975, Stratigraphy and ground-water hydrology of the Capitan reef and associated 

formations, southeastern New Mexico and western Texas: Boulder, University of 

Colorado, unpublished Ph.D. dissertation, 395 p., 12 pis. 

Richey, Steven E, Wells, Jane G., and Stephens, Kathleen T, 1985, Geohydrology of the 

Delaware Basin and vicinity, Texas and New Mexico: U.S. Geological Survey Water-

Resources Investigation Report 84-4077, 99p. 
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DRAFT 

August 10, 1993 

PROPOSED CAPITAN AQUIFER PROJECT 

BASIC DATA STUDY 

PROBLEM 

The Capitan aquifer i s the primary source of fresh water f o r the 

City of Carlsbad and several other communities i n Eddy County, New 

Mexico. The Capitan i s also an important source of i r r i g a t i o n 

water. The l a s t comprehensive study of water l e v e l and water 

q u a l i t y w i t h i n the Capitan aquifer was performed by W.L. Hiss i n 

the 1970s. Published materials by Hiss f o r the Capitan include 

State Engineer Office Technical Report 38 i n 1973, a PhD 

dis s e r t a t i o n i n 1975, and NMBM Resource Maps 4, 5, and 6 i n 1975 

through 1976. Since that time, no new data compilations have been 

published. 

Within the l a s t year, the State Engineer Office has received 

several requests from private individuals, o i l industry companies, 

and the O i l and Gas Conservation Division concerning the hydrology 

and water q u a l i t y of the Capitan aquifer. In addition, the State 

Engineer Office has performed several evaluations recently of the 

impacts of proposed and exi s t i n g Capitan wells on the Pecos River. 

During these investigations, i t became evident that additional data 

c o l l e c t i o n and compilation were required to support management of 

the Capitan aquifer i n New Mexico. With the Capitan aquifer 

serving as the primary source of domestic water f o r Carlsbad, Happy 



Valley, and White's City; i t i s important f o r these communities and 

regulatory agencies t o have the most current and complete data set 

available. 

Richey and others (USGS Water Resources Investigations Report 84-

4077) indicate on page 11 that moderately saline water i s moving 

from the Lake Avalon area through the T a n s i l l Formation t o the 

Capitan aquifer. Limited data have been compiled f o r the T a n s i l l 

Formation i n the area from Avalon Lake southward towards the City 

of Carlsbad. Compilation of data f o r the T a n s i l l i n t h i s area 

would be useful t o help i d e n t i f y future data c o l l e c t i o n and 

inve s t i g a t i v e needs. [ I t i s anticipated that few wells, i f any, 

have been completed i n the T a n s i l l Formation. This could be 

v e r i f i e d by the USGS p r i o r to t h i s proposal being f i n a l i z e d . I f no 

wells e x i s t , the proposal should be revised by excluding references 

to the T a n s i l l Formation.] 

OBJECTIVES 

The study goal i s to provide h i s t o r i c a l and current water l e v e l and 

water q u a l i t y data, including information on present water use f o r 

the Capitan aquifer i n New Mexico and f o r the T a n s i l l Formation i n 

the Lake Avalon - Carlsbad area. Results of aquifer t e s t data f o r 

the Capitan aquifer and T a n s i l l Formation w i l l be presented. The 

objectives of the study are l i s t e d below. 

1. I d e n t i f y a l l wells which have been completed i n the Capitan 
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aquifer and T a n s i l l Formation. Provide we l l record data, use, 

h i s t o r i c a l water l e v e l data, and current water l e v e l data f o r 

selected wells i n to a table. 

2. Produce a current water l e v e l map f o r the Capitan aquifer 

(point data can be p l o t t e d rather than contours to keep the project 

as a basic data study). Provide hydrographs f o r selected wells. 

Prepare a map showing water l e v e l declines since the Hiss studies. 

I f s u f f i c i e n t data are available, provide a water l e v e l map f o r the 

T a n s i l l Formation. 

3. Update the water q u a l i t y data f o r the observation wells l i s t e d 

i n Table 2, Hiss, 1973 (SEO Technical Report 38). Include other 

h i s t o r i c a l water q u a l i t y data f o r wells not l i s t e d i n Table 2. 

Based on a review of t h i s data, c o l l e c t water q u a l i t y data f o r 

selected wells t o improve data coverage. [A r e l a t i v e l y high degree 

of coverage should be obtained i n the Carlsbad area eastward to the 

area where saline water begins to become present i n the Capitan 

aquifer. At a minimum, chloride, s u l f a t e and t o t a l dissolved 

solids should be collected. Assistance i s needed from the USGS i n 

determining whether a l l parameters l i s t e d i n Table 2 (Hiss, 1973) 

should be collected and the associated costs f o r each parameter.] 

Provide a l l h i s t o r i c a l and current water q u a l i t y data f o r the 

Capitan and T a n s i l l i n to a table. 

4. Prepare a map showing the t o t a l dissolved solids concentration 
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at points i n the Capitan aquifer ( i f possible, prepare map also f o r 

the T a n s i l l Formation). I f s u f f i c i e n t data are available, prepare 

graphs showing how water q u a l i t y has changed i n key wells. 

5. Prepare a groundwater bibliography f o r the Capitan aquifer and 

T a n s i l l Formation. 

6. Quantify current well diversions from the Capitan aquifer and 

T a n s i l l Formation. 

7. Update Table 6 of USGS Water Resources Investigations Report 

84-4077 by Richey and others summarizing aquifer tests f o r the 

Capitan aquifer. I f available summarize aquifer t e s t data f o r the 

T a n s i l l Formation. 
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PROPOSED SEO TESTIMONY 

A. Provide education\work experience for qualification as expert 
witness. 

B. Discuss what was done to gain familiarity with the application 
to inject brine. 

**** ENTER APRIL 7, 1993 HYDROLOGY MEMO AS AN EXHIBIT 

C. **** ENTER APRIL 7, 1993 LETTER BY ELUID AS AN EXHIBIT 

Describe State Engineer conclusions presented in letter. 

D. Discuss basis for State Engineer opinion. 

a. Capitan aquifer contains fresh water ****ENTER EXHIBIT MAP 
SHOW LOCATION OF CAPITAN AND LOCATION OF FRESH WATER 

b. Capitan aquifer i s in hydraulic communication with two 
fresh water zones. ****ENTER EXHIBIT SHOWING THICKNESS OF THE 
CAPITAN 

c. Cite reference to the fact that significant fresh water 
withdrawals for municipal, domestic and irrigation use are 
occurring from the Capitan aquifer near the City of Carlsbad. 
Indicate how much water i s being withdrawn from the Capitan 
aquifer in NM. 

d. Capitan aquifer i s in hydraulic communication with the 
Pecos River. Studies performed by private consultants and the 
SEO revealed the possibility of significant depletions of the 
fresh-water zones in the Pecos Valley due to well diversions 
from the Capitan aquifer in NM and TX. Shortly after these 
evaluations were performed, the region was declared as the 
Capitan Underground Water Basin so the State Engineer could 
protect existing water rights. Proposed injection site i s 
located in the Capitan Underground Water Basin. 

e. Other evidence supports system i s hydraulically well 
connected. Cite Hiss (1980), Capitan heads have changed 
significantly in response to groundwater and petroleum 
withdrawals during past 50 years. Cite Hathaway model of 
Capitan aquifer which indicates significant impact to the 
Pecos Valley due to wells producing from the Capitan aquifer. 
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STATE OF NEW MEXICO K 

ENERGY, MINERALS, AND NATURAL RESOURCES DEPARTMENT 
OIL CONSERVATION DIVISION 

IN THE MATTER OF THE HEARING 
CALLED BY THE OIL CONSERVATION 
DIVISION FOR THE PURPOSE OF 
CONSIDERING: 

CASE NO. 10693 
Order No. R-9913 

APPLICATION OF PRONGHORN SWD SYSTEM FOR SALT WATER DISPOSAL, 
LEA COUNTY, NEW MEXICO 

ORDER OF THE DIVISION 

BY THE DIVISION: 

This cause came on for hearing at 8:15 a.m. on May 7, 1993, at Santa Fe, New 
Mexico, before Examiner Michael E. Stogner. 

NOW, on this 16th day of June, 1993, the Division Director, having considered 
the testimony, the record, and the recommendations of the Examiner, and being fully 
advised in the premises, 

FINDS THAT: 

(1) Due public notice having been given as required by law, the Division has 
jurisdiction of this cause and the subject matter thereof. 

(2) The applicant, Pronghorn SWD System, seeks authority to dispose of 
produced salt water into the Capitan Reef formation through the perforated interval 
from approximately 3220 feet to 5050 feet in the Brooks Federal "7" Well No. 6 located 
660 feet from the South line and 1926 feet from the West line (Unit N) of Section 7, 
Township 20 South, Range 33 East, NMPM, Lea County, New Mexico. It presented its 
case with testimony and exhibits from a production engineer and a qualified expert 
hydrologist. 

(3) The subject well, currently known as the Brooks Federal Well No. 6, is 
owned and operated by the J.F. McAdams Trust whereby the applicant has an option 
to purchase the leasehold interest and wellbore from the McAdams Trust with the 
understanding said well is to be converted into a disposal well. Said well is currently 
producing from the Salt Lake Yates Field at a depth of 3026 feet to 3052 feet. The well 
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was originally drilled in 1956 to a depth of 15,560 feet to test the Devonian formation. 
It was abandoned and then re-entered and completions were attempted at intervals of 
4970 to 4975 feet and at 4620 to 4630 feet. Those intervals were squeezed with cement 
and the well was plugged back to its current completion. 

(4) Applicant proposes to inject up to 10,000 barrels of water per day 
produced from the Delaware formation and gathered by an existing 20 mile, eight inch 
PVC pipeline. The proposed injection water contains in excess of 220,000 parts per 
million (ppm) dissolved solids. The only Capitan Reef sample presented contained 
approximately 105,000 ppm dissolved solids. Log analysis of the reef section of the 
proposed well suggests that the water contains between 50,000 and 80,000 ppm total 
dissolved solids. 

(5) The New Mexico Oil Conservation Division ("Division") entered an 
appearance in this case and presented testimony by a petroleum engineer from its staff 
responsible for administration of the Federal Underground Injection Control (UIC) 
Program and a hydrologist from the Office of the State Engineer. The Division did not 
take a position at the beginning of the case, but at the conclusion of the case 
recommended that the application be denied and that the matter be considered in a rule 
making proceeding which could define rules for all applications for injection into the 
Capitan Reef. 

(6) The Division is responsible for administering the UIC Program with 
respect to this application. That program was created under the Federal Safe Drinking 
Water Act to protect drinking water supplies. 

(7) The State Engineer is responsible for managing the water resources of the 
State, including all fresh water which may or may not be usable for drinking water. The 
Division is required by statute to protect fresh water sources designated by the State 
Engineer. 

(8) The Capitan Reef is a large Permian Age aquifer described by witnesses 
as a geologic tube which runs from the Guadalupe mountains west of Carlsbad to the 
Glass Mountains in Texas to the southeast. It is recharged primarily from the 
Guadalupe Mountains. The formation varies in thickness from 800 to more than 2,200 
feet. The aquifer is hydrologically connected throughout its length. It is geologically 
complex, made up of canyons which act as restrictions to flow, fractures and solution 
channels; and the water qualities vary through different portions of the aquifer. 
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(9) The Capitan Reef has some connection to other Permian formations, 
including oil and gas producing formations. When the Division obtained primacy over 
the Underground Injection Control Program, several of those formations were exempted 
from the prohibition against injecting produced water into fresh water aquifers. The 
Capitan Reef was specifically not exempted. 

(10) There is fresh water in the Capitan Reef to the west of the proposed 
location from which the City of Carlsbad, White's City and Happy Valley obtain water 
for municipal purposes. Substantial quantities of Capitan Reef water are also withdrawn 
for irrigation purposes in this area. The Capitan Reef is connected to the Pecos River 
in the area of the City of Carlsbad. There is also fresh water in the Capitan Reef 
starting 18 to 20 miles southeast of the proposed injection location and continuing into 
the State of Texas. 

(11) The portions of the Capitan Reef aquifer which contain less than 10,000 
ppm total dissolved solids are designated fresh water by the State Engineer and are 
required to be protected by statute. The Pecos River, as a surface stream, is also 
designated for protection. 

(12) There have been and continue to be significant withdrawals of water from 
the Capitan Reef from the fresh water portions west and southeast of the proposed 
injection location. 

(13) Applicant's production engineer, who was not qualified as either a geologist 
or hydrologist, testified that he did not think that there was a practical hydrologic connection 
between the proposed injection well location and the fresh resources in the Carlsbad and 
Hobbs area. That testimony was not supported by any evidence or testing and the witness 
did not quantify what he meant by "practical connection". 

Applicant's hydrologist testimony indicated that the Capitan Reef is in hydrologic 
connection and that there are saline zones and fresh water zones in the formation. He 
testified that there are canyons in the reef which act as barriers to flow between portions of 
the reef. His opinions were based primarily on the literature, and from the information he 
made various assumptions regarding the reef for the purpose of constructing his model 

The evidence presented by the hydrologist from the State Engineer's Office was not 
inconsistent with that provided by Applicants hydrologist in that it noted the development 
ofthe canyons which constrict flow, the varying permeability and the presence of high TDS 
water in portions ofthe reef. Based upon review of much of the same literature, the witness 
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was of the opinion that the literature indicated that the canyons in the reef are restrictions 
but not barriers to flow; there was not any loss of hydrologic connection between the Pecos 
River and the eastern most portions of the Capitan Reef aquifer. 

FINDING; The evidence does not prove conclusively that the hydrological connection 
throughout the Capitan Reef is sufficiently restricted to prevent injected 
brine from impacting fresh water within the reef. 

(14) The applicant supported its application primarily with the testimony of its 
hydrologist who presented a two-dimensional SUTRA numerical simulator to attempt to 
model the impact of the injection of produced brine at this location. 

FINDING: The New Mexico Oil Conservation Commission has determined that while 
modeling can be useful as a tool, careful scrutiny will be made of the 
parameters used in the model to determine if they reflect actual 
conditions, and the model should be calibrated to determine the validity 
of the parameters. 

(15) Applicants hydrologist made several assumptions in developing the model: 

(a) The model is built on a flat domain with a constant vertical 
thickness of 1,000 feet and a constant width of 10 miles. 

(b) That there are impermeable boundaries above and below and 
to the north and south of the aquifer. The Pecos River fully 
penetrates the Capitan Reef, that it has a TDS concentration of 0.0 
ppm and that there is a constant head boundary. 

(c) The Capitan Reef is homogeneous and isotropic with a 
constant hydraulic conductivity of 5 ft. per day and a constant porosity 
of 18%. It is assigned a longitudinal dispersivity of 100 meters, a 
constant transverse dispersivity of 10 meters and a coefficient of 
molecular diffusion of 5 * W10 m2. 

(d) An initial distribution of brine exists in the model domain, 
constant throughout the thickness, and no additional sources of brine 
throughout time are present except the injection well 

(e) A constant source at the injection point with a rate of 12,500 
bbls and a concentration of 250,000 ppm TDS for 50 years is 
assumed. 
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The assumptions used are taken from the literature or derived indirectly from information 
in the literature, and obtained from the U.S, Geological Survey and the State Engineers 
Office. The hydrologist did no independent field work. The hydrologist testified that there 
is a lot of speculation about flow regimes. 

The hydrologist from the State confirmed that there are very few aquifer tests which 
could be used to confirm aquifer parameters, which makes it difficult to obtain a realistic 
model 

FINDING: The model is based upon a simplification for the purpose of modeling of 
information which is contained in literature. The assumptions have not 
been verified against measured parameters. Therefore the parameter 
assumptions assumed in the model do not satisfy the Commission's 
requirement that modeling input be confirmed to be consistent with real 
data. 

(16) Applicants hydrologist testified and his model report stated that the 
assumptions were very conservative, meaning that the model would predict that solutes 
injected would propagate the furthest distance away from the injection point. 

The State Engineers hydrologist testified that the assumptions are not necessarily 
conservative. They may be conservative with respect to one fresh water zone but not with 
respect to the other. Further, because the witness testified that because of the amount of 
speculation about the flow regime, there is uncertainty in the assumptions. 

FINDING: The conclusions reached in the model regarding the impact of the 
injection operation on fresh water cannot be assumed to be accurate or 
conservative. The model, without corroborating evidence, does not 
conclusively demonstrate the injection operation proposed will not have 
an adverse impact on fresh water. 

(17) There has been no calibration or other confirmation that the model has 
a proper aquifer parameter distribution, and therefore the model does not satisfy the 
requirements for the use of modeling to predict how the injection will impact the fresh 
water in the Capitan Reef. 

(18) The hydraulic gradient between the Pecos River and the proposed injection 
site is relatively flat. There is substantial disagreement between the Applicant's 
hydrologist and the State Engineer's hydrologist about whether or not the proposed 
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injection could reverse the gradient and cause degradation of the fresh water in and near 
the Pecos River and the City of Carlsbad. Because of the deficiencies of the model 
discussed in previous findings, the risk of gradient reversal must be considered. 

(19) The Applicant's model assumptions regarding constant boundary conditions 
and zero permeability are not supported by any of the information, nor is the assumption 
of constant thickness or permeability. 

(20) The model is based upon an assumption that the only influence upon flows 
at this site is the proposed injection well. Because there are significant withdrawals from 
the Capitan Reef at points east and west of the proposed injection, and because there 
is a hydrological connection throughout the reef, this assumption cannot be relied on to 
determine the actual impact of the injection operations. 

(21) One of the advantages of modeling is the ability to change certain 
parameters and see how those changes affect the results, particularly when parameters 
used are based upon derived information or assumptions. The Applicant's hydrologist 
did not perform any such runs with different parameters. 

(22) The Applicant argued that this application must be considered as a stand 
alone application without consideration of any other possible applications for injection into 
the Capitan Reef. Applicant further suggested that if there were any subsequent applications 
for injection that those applicants should be required to present evidence of the impact of 
their operations with consideration of the cumulative impact of any prior injection 
operations, and the Division could at any point determine a limit of allowable injection, sort 
of a reverse appropriation. However, Applicant did not provide any guidance to the Division 
about how to make such a determination or set a limit. Applicants engineer did testify that 
it might wish to conduct additional injection operations if the capacity of this well were 
exceeded by the demand for injection. 

The Division engineer testified that there has been one previous application for 
injection into the aquifer which was denied and that there have been other inquiries from 
operators about the possibility of obtaining approval to inject into the Capitan Reef. He 
recommended that if injection into the Capitan Reef is going to be allowed, a rule-making 
type of hearing should be conducted to determine what conditions, if any, should be imposed 
upon such operations. 

FINDING: The Division has not allowed injection into the Capitan Reef up to this 
point in time because of the concern for protection of fresh water in the 
reef. Approval of any application will be precedent setting and additional 
applications are likely. Before injection is allowed into the Capitan Reef 
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the Division or the Commission should require that extensive studies be 
conducted and that such approval only be considered after a rule-making 
type of hearing in which all of the factors and impacts of such operations 
have been considered, and that such studies be conducted using actual 
reservoir information. 

(23) Fresh water resources in this state are scarce and valuable, and this 
Division cannot risk the possibility of contamination of a major source of fresh water 
based upon conclusions derived from a model which has been constructed upon 
assumptions which have not been tested or validated. There are other alternatives 
available for water disposal, and therefore this application should be denied. 

IT IS THEREFORE ORDERED THAT: 

(1) The application of Pronghorn SWD System to dispose of produced salt water 
into the Capitan Reef formation through the perforated interval from approximately 
3220 feet to 5050 feet in the J.F. McAdams Brooks Federal Well No. 6, located 660 feet 
from the South line and 1926 feet from the West line (Unit N) of Section 7, Township 
20 South, Range 33 East, NMPM, Lea County, New Mexico is hereby DENIED. 

(2) Jurisdiction is hereby retained for the entry of such further orders as the Division 
may deem necessary. 

DONE at Santa Fe, New Mexico, on the day and year hereinabove designated. 

STATE OF NEW MEXICO 
OIL CONSERVATION DIVISION 

S E A L 



STATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 
OIL CONSERVATION DIVISION 

2040 S. PACHECO 
SANTA FE, NEW MEXICO 87505 

(505) 827-7131 

May 2, 1995 

Mr. Thomas C. Turney 
State Engineer 
State Engineer O f f i c e 
Bataan Memorial Bldg. 
Santa Fe, New Mexico 

Room 101 
87504-5102 

RE: GROUND WATER STUDY OF CAPITAN REEF 

Dear Mr. Turney: 

The New Mexico O i l Conservation D i v i s i o n (OCD) i s i n r e c e i p t of the 
State Engineer O f f i c e ' s (SEO) March 21, 1995 correspondence which 
o u t l i n e s the c o n t r i b u t i o n s t h a t the OCD could provide t o a 
cooperative study of the a q u i f e r w i t h i n the Capitan Reef. 

The OCD agrees t o al l o w g e o l o g i s t s B i l l Olson and Mark Ashley, as 
t h e i r schedules permit, t o p a r t i c i p a t e i n developing a r e p o r t 
concerning s t r a t i g r a p h i c tops, l i t h o l o g i c c h a r a c t e r i s t i c s and 
geochemistry of the Capitan Reef using r e a d i l y a v a i l a b l e o i l f i e l d 
i n f o r m a t i o n . 

The OCD looks forward t o working w i t h you i n developing new 
in f o r m a t i o n about the hydrogeology of the Capitan Reef. I f you 
have any questions, please contact B i l l Olson a t 827-7154 or Mark 
Ashley a t 827-7155. 

xc: Roger Anderson, OCD Envirormental Bureau Chief 
B i l l Olson, OCD Environmental Bureau 
Mark Ashley, OCD Environmental Bureau 



n, 
S T A T E O F N E W M E X I C O 

STATE ENGINEER OFFICE 
0ilConsei 

SANTA FE 

State Engineer March 2 1 , 1995 
BATAAN MEMORIAL BUILDING, ROOM 101 

POST OFFICE BOX 25102 
SANTA FE, NEW MEXICO 87504-5102 

Mr. W i l l i a m J. LeMay 
D i v i s i o n D i r e c t o r , O i l Conservation D i v i s i o n 
Energy, Minerals, and Natural Resources Department 
P.O. Box 6429 
Santa Fe, New Mexico 87505 

RE: OCD p a r t i c i p a t i o n i n a Cooperative Program w i t h the State 
Engineer O f f i c e and the USGS i n studies of the groundwater 
a q u i f e r w i t h i n the Capitan Reef, Eddy and Lea Counties, New 
Mexico 

Dear Mr. LeMay: 

A f t e r discussions between s t a f f members of the O i l and Gas 
Conservation D i v i s i o n (OCD) and the State Engineer O f f i c e (SEO), 
i t appears t h a t each agency can make a meaningful c o n t r i b u t i o n t o 
a cooperative study of the a q u i f e r w i t h i n the Capitan Reef. The 
SEO has r e c e n t l y i n i t i a t e d such a study w i t h the Water Resources 
D i v i s i o n of the United States Geological Survey (USGS). The main 
purpose of t h i s study i s o b t a i n new hydrogeologic data from the 
Capitan a q u i f e r and update the p u b l i c a t i o n s of W.L. Hiss who 
stud i e d the area i n the l a t e 1960's and e a r l y 1970's. Copies of 
the p r o j e c t o u t l i n e have been made a v a i l a b l e t o B i l l Olson and 
Mark Ashley of the OCD Environmental Section s t a f f . 

The c o n t r i b u t i o n t h a t the OCD would make t o t h i s e f f o r t 
would c o n s i s t of a basic data c o m p i l a t i o n r e p o r t of any new 
i n f o r m a t i o n concerning the s t r a t i g r a p h i c tops, l i t h o l o g i c 
c h a r a c t e r i s t i c s and geochemistry of the Capitan Reef. That 
r e p o r t would be an attachment t o the r e p o r t prepared by the USGS. 
An example of such a r e p o r t has been provided t o the OCD s t a f f . 
The s t r a t i g r a p h i c and l i t h o l o g i c data would come from recent 
e l e c t r i c logs and/or c u t t i n g s logs on f i l e w i t h the OCD or 
a v a i l a b l e through i n d u s t r y contacts. The geochemical data would 
come from OCD f i l e s , data c o l l e c t i o n c a r r i e d out by the OCD s t a f f 
as deemed necessary f o r t h e i r normal a c t i v i t i e s or a v a i l a b l e 
through i n d u s t r y contacts. I t i s envisioned t h a t the m a j o r i t y of 
the OCD r e p o r t would be data t a b l e s p r o v i d i n g a co m p i l a t i o n of 
new data. The time frame f o r the study would be between now and 
the end of 1996. At t h a t p o i n t , the r e p o r t would be submitted t o 



the USGS f o r review and publication. 

B r i e f l y , the contribution of the other two agencies would be 
as follows: the SEO i s providing funding f o r the project, 
personnel t o carry out coding of aquifer u n i t s from we l l logs on 
f i l e with the SEO and personnel t o update the groundwater s i t e 
inventory (GWSI) database, the USGS i s providing the p r i n c i p a l 
investigator, carrying out a data gathering program t o obtain new 
water l e v e l and water chemistry data from the network of monitor 
wells developed i n the Capitan Reef and updating the maps of W.L. 
Hiss i n a Geographic Information System (GIS) format. 

With your approval, the SEO i s requesting your agreement 
that members of your s t a f f may pa r t i c i p a t e i n t h i s project on a 
part time basis as t h e i r schedule allows. I f there are questions 
about t h i s project, please contact Tom Morrison or Andy Core of 
the Hydrology Bureau at 827-6140. Thank you. 

Sincerely, 

Acting State Engineer 

cc: Tom Morrison 
Andy Core 
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AQUIFER DESIGNAT ION FOR UIC: 

PROTOTYPE STUDY IN SOUTHEASTERN NEW MEXICO 

INTRODUCTION 

The New Mexico O i l Conservation Division (OCD), in 

conjunction with Lee Wilson and Associates, has performed a 

prototype study to implement the aquifer designation 

regulations which are proposed as part of the Federal 

Underground I n j e c t i o n Control program. Designation c r i t e r i a 

require protection of aquifers which are currently used for 

drinking water or which have a t o t a l dissolved solids (TDS) 

content of less than 10,000 mg/l. However, aquifers may be 

exempted from designation i f they are or w i l l be used for 

mineral, o i l or geothermal energy production, or i f they cannot 

provide drinking water for reason of economics, technology or 

gross contamination. 

In New Mexico, state regulations already require that 

ground water with a TDS less than 10,000 mg/l be protected 

against v i r t u a l l y a l l types of pollutant discharge. UIC goes 

beyond the State programs by requiring e x p l i c i t i d e n t i f i c a t i o n 

and mapping of the areas to be protected. However, aquifers 
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protected under State regulations could be exempted from 

protection under UIC i n areas of mineral, o i l or geothermal 

energy production. Because the concept of designation or 

exemption i s new, and standardized procedures are not 

available, the process of aquifer evaluation i s p o t e n t i a l l y 

d i f f i c u l t , complex, and time-consuming; i t may be expensive i n 

terms of the commitment of resources for data gathering and 

in t e r p r e t a t i o n . A prototype study i s needed to develop 

procedures and evaluate the complexity and..expense of the 

aquifer-designation.process. The prototype reported here 

involved a l l steps i n the process except for those related to a 

formal public hearing. 

The project described here involved the mapping of aquifers 

i n a 144-square-mile area near Artesia* i n Eddy County (Figure 

1). Characteristics of the area include the following: 

1. Both artesian water and o i l are produced from the 

same geologic u n i t , the San Andres Formation of 

Permian age. This s i t u a t i o n i s characteristic of much 

of Southeastern New Mexico and implies that 

boundary-setting i n aquifer designation must be 

precise. 

2. I n j e c t i o n into the San Andres i s practiced both 

for secondary recovery and brine disposal; thus the 
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need exists for precision in aquifer designation in 

order to properly administer the federal UIC program. 

3. Considerable information on the area has already 

been compiled by agencies or private companies, (for 

example, water-level maps).. Additional data can be 

readily obtained, (for example, porosity values can be 

read from modern geophysical logs). 

METHODS AND DATA 

Geologic, hydrologic, and energy-resource data for the 

study area were gathered from published reports and the f i l e s 

of federal, state and local agencies concerned with water or 

energy resources, information on sa l i n i t y and porosity was 

developed in part from geophysical logs produced from new, deep 

gas wells which penetrated the Grayburg-San Andres interval. 

The Dual Laterlog and Compensated Neutron Log were utiliz e d to 

determine r e s i s t i v i t y of formation fluids and formation 

porosity. With proper borehole corrections, these logs provide 

an accurate assessment of f l u i d s a l i n i t y . However, data are 

generally available only for deeper formations, since wells are 

required to be cased through formations known to contain 

potable water. The data were compiled into four tables (Tables 
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1 to 4), which include geohydrologic information, records of 

water wells, and records of o i l , gas and i n j e c t i o n wells 

(including geophysical data wells), and l i t h o l o g i c 

description. The tables, were then interpreted to produce maps 

basic to the aquifer designation process (see Figures 2 through 

9); the maps present s t r u c t u r a l contours, potentiometric 

surfaces, the location of shallow o i l and gas pools, and the 

location of information wells. 

The maps and tables were- used to develop Figure 10, a 

cross-section of the study area. This cross-section portrays 

most of the information needed to make aquifer designations. 

The section shows the location of fresh water, o i l and gas 

pools, geologic boundaries, potentiometric surfaces of shallow 

and artesian aquifers, and representative wells. Figure 10 is 

used as the base for the various designation options considered 

i n the Results section. 

The geology of the study area (see Figures 2, 3 and 4) 

r e f l e c t s i t s position as a backwater deposi'Liona! zone i n the 

Permian Reef complex of New Mexico and Texas. Dolomites 

predominate, with limestone increasing southeastward toward the 

reef, and redbeds and evaporites increasing north and west onto 

the shelf. In general, the Permian units dip toward the 

southeast and thicken i n the same d i r e c t i o n . 
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The p r i n c i p a l aquifer and hydrocarbon-^producihg zones both 

occur within the San Andres Formation, which l i e s between the 

Grayburg Formation of the Artesia Group, and the'Glorieta 

Sandstone. This formation i s therefore the c r i t i c a l i n t e r v a l 

for UIC protection. Two separate porosity horizons are 

situated within the San Andres.. The upper horizon i s a 

high-porosity (20 per cent) i n t e r v a l which contains an artesian 

aquifer and some isolated hydrocarbon development. The 

artesian aquifer underlies most of the area which includes much 

of the Grayburg as well as the upper, porous zone of the 

San Andres. The water contains less than 3000 mg/l dissolved 

solids, except i n the southeastern part of the map area where 

o i l i s produced from the lower Grayburg. -

The lower horizon corresponds to the Slaughter dolomite 

zone, where l o c a l l y developed porosity contains o i l and gas, 

and t o t a l dissolved solids exceed 10,000 mg/l. A zone of low 

porosity apparently acts as a confining horizon, or 

permeability b a r r i e r , which apparently separates the aquifer 

from the Slaughter zone and the o i l pools. 

Data on geohydrology and water quality i n the area (see 

Tables 2 and 3, Figures 5, 6, 7) indicate that although fresh 

water i s found to the base of the San Andres i n some locations, 
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there i s no water production below the artesian aquifer. 

(However, fresh water i s found beneath the San Andres i n the 

Roswell Basin outside the study area; see Gross et a l . , 1978). 

In most locations, fresh water i s not found i n wells which 

penetrate below the artesian aquifer. However, r e s i s t i v i t y 

data indicate that fresh water may extend to the base of the 

San Andres.in some locations (Arrow A, Figure 10). In a l l such 

cases, geophysical logs indicate that the fresh water occurs i n 

rocks with low porosity (averaging less than 7 percent), 

suggesting that the water i s i n t e r s t i t i a l . No fresh-water 

y i e l d i s obtained from any well which penetrates below the 

artesian aquifer. Water in the Glorieta exceeds 10,000 mg/l i n 

a l l geophysical data wells. 

In units east of the Peeps River, water contains more 

dissolved solids than i n corresponding units west of the 

r i v e r . Most fresh-water production comes from the Yates 

Formation, with dissolved solids values which can be as low as 

1,000 mg/l, but are generally above 4,000 mg/l. 
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A shallow aquifer extends from the western portion of the 

prototype area to the Pecos River (Figures A and 5). The 

aquifer includes the valley a l l u v i a l f i l l and upper portion of 

the Seven Rivers Formation. L i t t l e information is available 

for the lower Seven Rivers and Queen Formation, below the 

shallow aquifer, since they serve only as a minor source of 

water within the basin. 

Shallow hydrocarbon development occurs primarily in the 

eastward-dipping Slaughter zone within the San Andres Formation 

(see Table A; Figures 8 and 10). Six million barrels of o i l 

have been pumped from over A00 wells in 10 pools which occur in 

the prototype area; Production has depleted to non-profitable 

levels in most wells and underground injection is applied for 

enhanced recovery in the Atoka San Andres, Atoka Grayburg, and 

Red Lake pools (Figure 8). Salt-water disposal is active in 

two wells. 

Subtle changes of strike and dip and effective porosity 

development within the Permian units control regional pinchouts 

of hydrocarbon production, and separates many pools produced 

within similar horizons. Absence of vertical permeability 

development within the San Andres protects the artesian aquifer 

against o i l migration from lower depths. Hence, contamination 



of the artesian aquifer by the underlying o i l pool i s 

unlikely. Local porosity along the Artesia Vacuum Arch within 

the Grayburg creates some o i l production from facies above the 

Slaughter zone. Here also, absence of v e r t i c a l permeability 

development protects the artesian aquifer. This trend 

continues east across the Pecos River i n zones separated by 

permeability bar r i e r s . Most of these shallow pools have been 

deplete.d to production rates of less than one barrel per day 

per well. 

Several points developed i n the Methods section affect the 

four aquifer designation alternatives considered below. A 

considerable amount of fresh water which must be protected 

against contamination by underground i n j e c t i o n i s available i n 

the study area. The shallow aquifers do not affect the 

designation process since they are underlain by the deeper 

artesian aquifer. Thus designation of the deeper aquifer w i l l 

also protect the shallow aquifers. While o i l production takes 

place as high as the top of the Grayburg, and fresh water i s 

found to the base of the San Andres, no fresh-water production 

occurs below the artesian aquifer. There i s a geologic basis 

i n a large part of the study area for distinguishing between 

the upper porous horizon containing water and the lower porous 

horizon containing o i l and gas. 
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RESULTS 

Four alternatives were considered i n the prototype study; 

three r e f l e c t a p r i n c i p l e of designation (or exemption) 

contained i n the UIC regulations, and the fourth i s a 

combination containing the best overall approach. 

Alternative 1. The entire stratigraphic i n t e r v a l to the base 

of the San Andres could be designated as an aquifer requiring 

UIC protection, with exemption for areas i n which hydrocarbon 

production occur. 

Alternative 2. The i n t e r v a l could be designated as an aquifer 

only where t o t a l dissolved solids are less than 10,000 mg/l. 

Alternative 3. The i n t e r v a l could be designated as an aquifer 

only where production of fresh water i s l i k e l y to be 

economically or technically feasible. 

Alternative 4. A combination of options 2 and 3 could be 

used. This al t e r n a t i v e i s the one recommended for the 

prototype area. 



Each al t e r n a t i v e must be judged i n terms of: a) i t s 

effectiveness i n protecting drinking water; and b) i t s 

administrative e f f i c i e n c y . Figures 11-15 display the various 

aquifer designations which would result from each alternative. 

Alternative 1 F u l l Designation with Exemptions for Hydrocarbon 

Production 

I f the lower l i m i t of the aquifer were designated as the 

base of the San Andres (see Figure 11), a l l known fresh water 

i n the study area would be protected since TDS exceeds 10,000 

mg/l throughout deeper horizons. Upper and l a t e r a l boundaries 

of active o i l pools would then be used to exempt areas of 

hydrocarbon production. The heavy dashed l i n e i n Figure 11 

i l l u s t r a t e s how such a boundary would appear i n cross-section. 

This approach promises good protection of drinking water. 

The available evidence indicates that hydrocarbon production 

(and hence potential i n j e c t i o n zones) occurs within localized 

porosity zones (p o t e n t i a l i n j e c t i o n zones) which are 

unconnected to the artesian aquifer; further, fresh water has 

not been found beneath any o i l pool. Therefore, wastes 

injected i n t o areas exempted from designation would not be 

expected to commingle with fresh water i n the protected 
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aquifers. However, the approach would face severe 

administrative problems. Boundaries must be redrawn each time 

an o i l pool i s extended or a new pool developed, requiring a 

lengthy and expensive public review and hearing process on each 

boundary change. Further, determination of the exact location 

of pools (especially the upper l i m i t ) i s quite time-consuming. 

Alternative 2: Use of TDS Boundary 

Use of a l i n e to define the lower l i m i t of water containing 

less than 10,000 mg/l solids would, by UIC d e f i n i t i o n , provide 

protection to a l l potential drinking water (see Figure 12). 

The major drawback to using t h i s method throughout the study 

area i s that there are no water-quality analyses available from 

the lower part of the San Andres, nor from many higher units 

east of the Pecos River. Instead, the determination that fresh 

water occurs to the base of the San Andres Formation involves 

the use of r e s i s t i v i t y data from deep geophysical data wells. 

There are r e l a t i v e l y few geophysical data wells; hence the 

boundary can only be approximate and the depth to which UIC 

protection should extend i s uncertain. East of the r i v e r the 

l i n e i s drawn across the top of o i l pools because elsewhere in 

the area TDS values i n and beneath beneath pools are always 

greater than 10,000 mg/l. Administration of a designation 
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based on approximate boundaries and uncertain depths would be 

d i f f i c u l t . In addition, evaluations of r e s i s t i v i t y data from 

geophysical data wells is time-consuming and hence expensive. 

The approach may be the only one feasible in much of New 

Mexico, but in the prototype area a better procedure is 

available (see below). 

Alternative 3,: Bound.ary Based .pn Porosity. . . 

The fresh water which lies between the base of the artesian 

aquifer and the base of the San Andres appears to be 

i n t e r s t i t i a l , trapped in pore spaces with l i t t l e or no 

permeability. I t is doubtful that usable quantities of water 

could be obtained by wells which tap this horizon. Therefore, 

the base of the artesian aquifer i t s e l f could be used as a UIC 

boundary in the study area since i t effectively li m i t s the 

depth at which fresh water resources are available (see Figure 

13). The boundary is readily drawn based on the extensive well 

records available in the area. In practice i t is preferable to 

place the base of the protected zone 100 feet below the aquifer 

to provide a margin of safety. This would be consistent with 

existing state regulations, which require casing of a l l o i l 

wells from the land surface to a depth 100 feet below the 

artesian aquifer. 
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The h i s t o r i c use of t h i s c r i t e r i a i n State regulations 

indicates that administrative d i f f i c u l t i e s would be minimal. 

Moreover, data are adequate to present the boundary i n map form 

(Figure IA). However, the artesian aquifer does not extend 

east of the Pecos River; a d i f f e r e n t approach i s needed to 

provide aquifer protection i n that study area. 

Alternative A: Combination of Designation Techniques 

To provide protection for fresh-water i n the artesian basin 

as well as protection for those scattered sources outside the 

basin boundaries, a combination of designation techniques is 

necessary. A boundary placed 100 feet below the base of the 

artesian aquifer i s feasible i n the map area west of the Pecos 

River (Alternative 3). However, east of the r i v e r where the 

artesian aquifer does not occur, designation of boundaries 

would require careful scrutiny of well records and available, 

geological data to determine zones productive of fresh water 

(using the procedures accounted with Alternative 2). The l i n e 

given i n Figure 14 is.extrapolated from elsewhere i n the area, 

and would need to be fixed i n more d e t a i l i f a UIC application 

were to occur east of the Pecos. This combination of options 

provides the best strategy for designating a l l potential 

sources of fresh water i n t h i s prototype area. 
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Figure 15 i s a cross-section which i d e n t i f i e s the boundary 

of the designated aquifer drawn according to Alternative A. 

While t h i s approach would require d i f f e r e n t types of 

administration i n d i f f e r e n t parts of the zoning area, i t also 

provides the most comprehensive protection. The administrative 

burden would not be s i g n i f i c a n t l y greater than that required 

for each technique above. 

SUMMARY AND CONCLUSIONS 

The"prototype study has determined that boundaries can be 

set and aquifers i d e n t i f i e d under the UIC program. In the 

study area, existing state regulations can be used i n 

coordination with UIC goals to carry out aquifer designations 

for the area west of the Pecos River. Designation of aquifers 

east of the Pecos requires use of geophysical data and 

available well records to determine apropriate boundaries based 

on t o t a l dissolved solids concentrations. This experiment 

provides many insights on the procedures to be used for UIC 

aquifer evaluations. 

Geophysical data from o i l and gas wells w i l l be an 

important source of information, since they reveal conditions 
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i n deeper aquifers, which, while not currently i n use as 

drinking water, should be protected under UIC. The TDS 

boundary method (Alternative 2) w i l l be very useful in those 

areas which lack the geologically defined aquifer l i m i t which 

occurs i n the study area. The TDS method i s l i k e l y to be used 

i n much of New Mexico; however, the boundaries set. w i l l be less 

valuable than those established on a geologic basis, unless 

s a l i n i t y i s " geologically~controlled. A major administrative 

concern i s that the procedures used i n designating aquifers not 

change every time new data become available. This concern 

makes the exemptions of aquifers for hydrocarbon production an 

undesirable a l t e r n a t i v e . 

The prototype study cost approximately $100 per square 

mile. This provides a basis for budget estimates for other 

mapping elsewhere i n New Mexico. Less cost and time w i l l be 

involved i n mapping the remainder of the Roswell basin as a 

result of the experience and techniques developed i n the 

prototype area. Costs elsewhere i n the state w i l l vary 

depending upon data a v a i l a b i l i t y and the complexity of geologic 

and hydrologic conditions. Since most of the state w i l l have 

l i t t l e or no data available from deep wells, costs w i l l be 

lower (and results less r e l i a b l e ) than i n the prototype area. 
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The estimated cost of aquifer designation in New Mexico, based 

on $100 per square mile, would be $12,166,000. Even i f costs 

eventually approach $10/squa.re mile, a considerable expense 

w i l l be incurred by the UIC program. Where feasible, existing 

administrative procedures, such as New Mexico's state 

regulations, would reduce UIC costs considerably. 
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Source: a f t e r Gross, et a l . , 
1978. 
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Figure 5: Potentiometric Surface of Shallow Aquifer. 

Source: a f t e r E. Welder, 1977. 



TI7S 

TI8S 

R25E R26E 

MILES 

R27E 

POTENTIOMETRIC CONTOUR 

ARTESIAN AQUIFER BOUNDARY 

CONTOUR INTERVAL* 10FEET 

DATUM IS MEAN SEA LEVEL 

Figure 6: Potentiometric Surface of Artesian Aquifer. 

Source: a f t e r E. Welder, 1977. 



TI7S 

TI8S 

R25E R26E 

Figure 7: WATER QUALITY WELL PLOT 
1 0 1 

n DEPTH OF ANALYSISIFEET pgLW SURFACE) 
V TOTAL DISSOLVED SOLIDS IN PPfl (c IND CAT 

MILES 

INQCATES CALCULATED fROM CHLORIDES) 

R27E 

- 9 - WATER WEU-SHALLOW AQUIFER 

(() WATER WELL- ARTESIAN AQUIFER 

SS WATER WELL-ARTESIA CROUP 

O OL WELL-SHOW OF WATER 

• OIL WELL 

•jjf- GEOPHYSICAL DATA WELL— DEEP GAS 

PENNSYLVANIAN GAS WELL 

Source: M. Holland and M. Stahl, 1979 



Figure 8: Location of Shallow O i l and Gas Pools. 

Source: M. Holland, 1979 
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Figure 14: Dase of Artesian Aquifer. 

Source: M. Holland, 1979. 
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Table 4. Lithologic descriptions of units i d e n t i f i e d iri' Figure 2. 

1. A l l u v i a l F i l l - unconsolidated sands, s i l t s , and gravels. 

2. - Yates Formation - gypsum with minor dolomite and 

s i l t s t o n e . 

3. Seven Rivers Formation - anhydrite with shale, dolomite 

and sandstone. 

A. Grayburg Formation - sandstone with some sandy dolomite. 

5. San Andres Formation - limestone and dolomite, with a 

more sandy and porous upper portion. The lower portion, or 

Slaughter Zone, has several anhydrite horizons and irreg u l a r 

high porosity development; the area between the upper zone 

and Slaughter lacks good porosity development. 

6. Glorieta Sandstone Member - sandstone and s i l t s t o n e with 

calcareous cement. 

7. Yeso Formation - dark gray shales with carbonate cemented 

s i l t s t o n e s , limestones and anhydrite. 
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Aquifer Classification for the UIC Program: 
Prototype Studies in New Mexico 

by Lee Wilson* and Michael T. Holland*5 

ABSTRACT 
Three case studies from New Mexico illustrate 

methods by which aquifers can be classified for purposes of 
the Federal Underground Injection Control program. The 
principal technique involves preparation of hydrogeologic 
maps or cross sections which display information on the 
permeability of rock units and the dissolved solids content 
of formation fluids. Because deep water wells are lacking in 
most areas, the analysis normally requires considerable 
interpretation of geological and geophysical logs collected 
by energy and mineral companies, plus use of a general 
model or concept about regional hydrogeology. Injection of 
waste fluids into aquifers containing water with less than 
10,000 mg/l dissolved solids is not allowed unless an 
exemption is justified by economic, engineering and other 
factors. Based on the case studiesTregulatory exemptions 
will be possible for aquifers which are hydrocarbon or 
mineral-producing, or which are important for brine 
disposal purposes. 

INTRODUCTION 
Subsurface injection of water and other fluids 

is regulated by the Federal Underground Injection 
Control program (UIC), which was established by 
the Safe Drinking Water Act of 1974 (Public Law 
93-523). The primary goal of UIC is to protect 
from contamination those aquifers which are or 
may become a source of drinking water. Much of 
the injection in the U.S. occurs in Texas, 
Oklahoma, Louisiana, and New Mexico, within the 

President, Lee Wilson and Associates, Inc., P.O. Box 
931, Santa Fe, New Mexico 87504. 

DProject Geologist, Terra Tek Research, 420 Wakara 
Way, Salt Lake City, Utah 84108. 

Received November 1983, revised June 1984, 
accepted July 1984. 
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jurisdiction of Region VI of the U.S. Environmen
tal Protection Agency (EPA). Consequently, 
Region VI was the first to explore methods by 
which aquifers could be identified, mapped and 
classified as to the need for UIC protection. The 
work was performed in part through grants to 
agencies of the State of New Mexico in 1979-82. 
These agencies, the N.M. Oil Conservation Division 
and N.M. Environmental Improvement Division, 
funded a series of consultant studies which: 
established a system for classification of aquifers 
according to UIC criteria; demonstrated method
ologies by which the classification can be 
performed; and provided specific aquifer classifica
tions in all parts of the State where injection is 
active. 

This article summarizes the New Mexico UIC 
studies which involved aquifer classification: 
Hollands al., 1979; Holland et al., 1980; and 
Wilson et al., 1981. Not discussed here are those 
parts of the UIC studies concerned with salt
water extraction wells (Wilson, 1982) and geo
thermal injection (Wilson, 1983). 

AQUIFER CLASSIFICATION 
EPA's UIC regulations contain complex in

structions as to the kinds of rock units into which 
injection may be allowed. An early step in the New 
Mexico work was to summarize the regulations in a 
flow chart which sets forth what may be termed 
"the UIC Aquifer Classification Process" (see 
Figure 1). The figure clarifies the concepts in the 
regulations and provides a unified terminology for 
classification purposes. 

The classification process involves questions 
about rock units which can be answered by yes or 
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^ ^ 1 . Will there be injection into or above the rock unit? No 

Yes 

<3. Doe 
10, 

Is the rock unit now used as an USDW? 

—1 • 
No 

1 

> 
Yes 

Does the water in the rock unit contain less than 
000 mg/l dissolved solids? 

> 

No 

<4. Is 

Yes 

XL. 
the rock unit an aquifer (that is, capable of yielding 
significant amount of water to a well or spring)? 

I 
Yes 
1 

No 

Is the aquifer unusable as an USOW because 
hydrocarbon or geothermal energy producing? 

T — ' — 

i t is mineral, ̂ s^, Yes. 

. No 

6. Is the aquifer unusable as an USOW because i t is 
situated at a depth or location which makes recovery 
of water for drinking water purposes economically 
or technologically impractical? 

Yes 

No 

A. Is the aquifer unusable as an USOW because i t is so 
contaminated that i t would be economically or 
technologically impractical to render the water f i t 
for human consumption? 

Yes 

No 

Is the aquifer unusable as an USDW because i t is 
located over an area of in-situ mining subject 
to subsidence or catastrophic collapse? 

Yes 

No 

Does the water in the aquifer contain more than 
3,000 mg/l dissolved solids and is the aquifer not 
reasonably expected to supply a public water system? 

Yes 

Classify as a 
salt-water aquifer 

l Classify as a 
~ non-aquifer 

Classify as an 
exempted aquifer 

No 

Classify as a protected aquifer f 

USDW = underground source of drinking water, defined as an aquifer or portion thereof which supplies any 
public water supply system or which supplies drinking water of less than 10,000 mg/l TDS for nunan consumption. 

Source: Lee Wilson, based on reading of UIC regulations, principally 40 CFR 146.3 and 146.4. 
ciq. 1. UIC Aquifer Classification Process. 
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no; depending on the answer, the rock unit will be 
classified or the evaluation process will move on tQ 
the next step. The UIC regulations contain no term 
for the geological units which must be studied 
during the classification process. The term rock 
unit was used for this purpose. A rock unit is a 
geological formation, or part thereof, which can be 
mapped and evaluated as to its general water
bearing and water-quality characteristics. 

Under the UIC program, injection of waste 
waters such as oil field brines is not allowed above 
the base of the deepest protected aquifer. The 
regulations specify well construction and operation 
requirements to prevent casing leaks or other 
problems above the injection zone. As indicated by 
step 2 of Figure 1, a designation of protected 
aquifer applies to any rock unit which is a present 
source of drinking water. Rock units which are not 
now a source of drinking water are also protected 
aquifers unless they are explicitly classified into 
one of three categories for which UIC protection is 
not required: salt-water aquifer, nonaquifer, or 
exempted aquifer. 

Salt-water aquifers are rock units which 
contain water having a total dissolved solids (TDS) 
content in excess of 10,000 mg/l; see step 3 of 
Figure 1. Nonaquifers are rock units which are not 
able to yield usable amounts of water to a well or 
spring (step 4). Exempted aquifers are rock units 
which are excluded as a potential source of 
drinking water for reasons of economics, technol
ogy, gross contamination, or relationship to sub
sidence or collapse zones (steps 5-9). 

EPA's initial guidance regarding the aquifer 
evaluation process indicated that it should be 
relatively thorough and detailed (Ground-Water 
Program Guidance No. 4.2, 1978). The agency 
specifically suggested the use of techniques such 
as: maps and cross sections showing TDS isocons; 
maps showing depth to base of fresh water; maps 
of aquifer thickness, elevation, and saturated thick
ness; maps of water levels in different aquifers at 
different dates; and many others. 

PROTOTYPE STUDY OF THE ARTESIA AREA 
In order to provide a real-world test of the 

guidance, EPA and the New Mexico Oil Conserva
tion Division funded an initial prototype project to 
gather and interpret data necessary for an aquifer 
classification in a lithologically complex area near 
Artesia, in southeastern New Mexico (Figure 2). 
Within this area, drinking water and hydrocarbons 
are produced from the same stratigraphic unit, the 
San Andres Formation of Permian age. Chloride-

rich brines coproduced with the oil are disposed of 
by injection back into the oil reservoir, often for 
the purpose of enhanced recovery (waterflood). 
Under UIC regulations, such injection should not 
occur into or above a protected aquifer. If the 
entire San Andres were designated for protection, 
much of the waterflood activity in New Mexico 
would cease and brine disposal would become an 
expensive, perhaps impossible operation. Clearly, 
the San Andres poses a complex and economically 
important problem in UIC aquifer classification. 

Methods 
Geologic, hydrologic and energy-resource data 

for the Artesia area were gathered from published 
reports and from the files of Federal, State and 
local agencies concerned with water or energy 
resources. Tables were prepared to summarize 
aquifer properties, water well records, and records 
of oil, gas and injection wells. Although consider
able information is available on that part of the 
San Andres now used for drinking water, there is a 
marked absence of conventional hydrologic data 
for oil-yielding zones. In these zones, information 
on salinity and.porosity was determined primarily 
from geophysical logs. The dual laterolog and 

Fig. 2. Location of prototype study areas. Cross section 
A-A' is in the Artesia area; see Figures 3 through 6. Area B 
is in southern Lea County; see Figure 7. Cross section C-C 
is in the San Juan Basin; see Figure 8. 
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Formotion Codes: 

Q A L Quaternary Alluvium 

P y Permian Yates Fm 

P$R Permicn Seven Rivers Fm 

P Q Permian Queen Fm 

P G B Permian Groyburg Fm 

PSA Permian San Andre* Fm 

P G Permian Glorieta Fm 

A' 

S 1800 

Fig. 3. Hydrogeologic cross section of the Artesia area. New Mexico. Primary oil-bearing zone is located 200-400 feet below 
the base of the artesian aquifer. The potentiometric surface of the artesian aquifer lies just beneath the land surface. 

compensated neutron log have been run on most 
recent, deep gas wells and can be used to determine 
resistivity of formation fluids (hence salinity) and 
formation porosity; see Keys and MacCary (1973). 

The tabulated data were interpreted to 
develop maps displaying structure contours, 
potentiometric surfaces, the location of shallow oil 
and gas pools, and the location of data wells. No 
one map contained all of the information impor
tant tb the aquifer evaluation process, but the 
maps could be combined and interpreted to 
develop a single hydrogeologic cross section of the 
Artesia area showing all of the information which 
is important to an aquifer classification for UIC 
purposes. Figure 3 displays this cross section. 

Hydrogeology 
The Artesia area is in the shelf zone of the 

Permian Basin province. The Permian rocks are 
dominantly dolomitic, with limestone increasing in 
frequency southeastward toward the main Capitan 
Reef, and redbeds arid evaporites increasing north 
and west. In general, the Permian units dip toward 
the southeast and thicken in the same direction: 

Most of the region's drinking water comes 
from an artesian aquifer which occurs near the top 
of the San Andres Formation and which locally 

extends into the overlying Grayburg Formation 
(Figure 3). Water in the artesian aquifer generally 
contains less than 3,000 mg/l dissolved solids, 
but higher concentrations do occur, especially 
toward the east, where San Andres water is 
naturally saline. 

The lower boundary of the artesian aquifer 
shown in Figure 3 represents the maximum depth 
of present fresh-water wells. In most locations, 
water containing 10,000 mg/l or less TDS is not 
found in wells which penetrate below this bound
ary. However, the resistivity data obtained from 
geophysical logs indicate that fresh water may 
extend to the base of the San Andres in some 
locations (see solid dots, Figure 3). In all such 
cases, the logs indicate that the fresh water occurs 
in rocks with low porosity (averaging less than 7 
percent), suggesting that the pores contain 
irreducible connate water with little potential for 
cost-effective production. No fresh-water yield is 
obtained from any well which penetrates below the 
base of the artesian aquifer. 

Hydrocarbon yields in the San Andres occur 
primarily from a dolomite zone with locally devel̂  
oped porosity; total dissolved solids in coproduced 
brine always exceed 10,000 mg/l. Subtle changes 
of strike and dip couple with variations in effective 
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Q A L Quaternary Alluvium 

P y Permian Yotet Fm 

P J R Permion Seven Rivers Fm 

P Q Permian Queen Fm 

P G B Permion Gfayburg Fm 

PSA Permian Son Andres Fm 

P G Permian , (yorieta Fm 

A' 

Artesian 
*Q>Hlf 

UIC Boundary 
No injection above 
this depth # TDS £ 

10,000 mg/l 

Fig. 4. Alternative UIC classification in which protection extends to base of San Andres Formation except for oil pools, 
which would be exempted per step 5 of Figure 1. 

porosity to control regional pinchouts of hydro
carbon production. Rocks with low porosity and 
low vertical permeability act as barriers which . 
separate the drinking water of the artesian aquifer 
from the oil and gas pools in the reservoir zone. If 
there were no vertical barriers, the oil pools could 
not exist; if horizontal barriers were absent, the 
oil pools would be merged. 

Oil production in local porosity zones of the 
Grayburg results in hydrocarbon occurrence 
adjacent to, as well as beneath, the artesian aquifer 
(Figure 3). Again, a barrier must exist between the 
hydrocarbons and the fresh water, otherwise the 
low-density oil would readily migrate into the 
artesian aquifer. For additional details on area 
hydrogeology, refer to: Hantush (1955); Hood 
(1963); NMGS (1969); Gross et al. (1976); 
LeFebre (1977). 

Aquifer Classification 
The evaluation process shown in Figure 1 

requires boundaries to be drawn around aquifers 
which are to be protected against injection. The 
base of the confining layer immediately below the 
deepest protected,aquifer represents the shallowest 
interval at which injection of a nonpotable water 
would be allowed. In the prototype study, three 

alternative aquifer classifications were evaluated; 
these are illustrated in Figures 4 through 6. 

Alternative 1. Designate the entire San Andres 
Formation as a protected aquifer, but use step 5 of 
the classification process to exempt all oil pools 
from protection (Figure 4). This would allow 
waterflooding to continue; as formation pressures 
from waterflood do not exceed the natural 
pressures which occurred when hydrocarbon 
production began, waterflood injection would not 
be expected to breach the barriers which now 
separate the oil pools from the drinking-water 
aquifer. Brine disposal into nonproducing zones 
would be prohibited, even where such zones 
contain saline water. 

Alternative 2. Limit protection to the fresh
water part of the San Andres; that is, draw the 
aquifer boundary along the 10,000 mg/l TDS 
isocon (Figure 5). All existing waterflood and brine 
disposal wells inject below this line. 

Alternative 3. Designate for protection only 
the artesian aquifer which now is used for drinking-
water supplies (Figure 6). (In practice it would be 
appropriate to provide a margin of safety and draw 
the boundary at least 1.00 feet below the base of. • 
the artesian aquifer.) This approach is based pn a .... 
hydrogeologic concept which recognizes that in . 
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Formation Codes: 

Q A L Quaternary Alluvium 

" P Y Permian Yates Fm 

P S R Permian Seven Rivtr* FIT 

'• P Q Permian Queen Fm 

P G B Permian Gmyburg Fm 

PSA Permion San Andres Fm 

P G Permian Glorieta Fm 

VCf tnCAL CXAQGCftATtOM <IS< 

Artesian 
Aquifer 

A' 

UIC Boundary 
No injection above 
this depth • TDS S 

10,000 mg/l 

Fig. 5. Alternative UIC classification in which protection extends to base of water known to contain 10,000 mg/l total 
dissolved solids or less. Rock units below UIC boundary would be classified as nonaquifers. 

Formation Codes: 

Q A L Quaternary Alluvium 

P y Permion Yates Fm 

PsR Permion Seven Rivers FIT 

P Q Permian Queen Fm 

P G B Permian Grayburg Fm 

PSA Permian San Andre* FIT 

P G Permion Glorieta Fm 

A' 

No injection above 
this depth 

• TOS 4 
10,000 mo/I 

Fig. 6. Alternative UIC classification in which protection extends to base of formations known to be sufficiently permeable 
to yield significant amounts of water to wells and to contain water with 10,000 mg/l total dissolved solids or less. Rock units 
below UIC boundary would he classified as nonaquifers or salt-water aquifers. 
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the rocks beneath the artesian zone, permeability is 
so low that the unit can be considered as a 
nonaquifer, per step 4 of Figure 1. 

Both alternatives 1 and 2 have significant 
drawbacks. Alternative 1 would disallow San 
Andres injection which is not into an oil pool; at 
least some existing brine disposal wells would be 
shut down. This would have important economic 
consequences, as will be shown by the Lea County 
case study discussed subsequently. Alternative 1 
also poses an administrative problem: aquifer 
boundaries would need to be redrawn each time an 
oil pool is discovered or extended. Under EPA's 
UIC regulations, a lengthy public review and 
hearing process would be required for each new 
exemption. Alternative 2 is technically and 
economically feasible, but because water-quality 
data are scarce in the deeper parts of the San 
Andres, extension of the isocon boundary outside 
the prototype area would entail time-consuming, 
expensive interpretation of geophysical logs. 

Alternative 3 is simple to implement because 
the base of the artesian aquifer has been.mapped 
over a large region using data from extensive water 
well records. It provides full protection to all of 
the producible fresh water in the area. Alternative 
3 (Figure 6) is the preferred classification because 
it: corresponds to UIC regulations; provides full 
protection of existing or potential sources of 
drinking water; and poses no unusual administra
tive problems. The concepts shown in the figure 
can be used by the regulatory agency to propose 
aquifer classifications for hearing and possible 
adoption. 

LEA COUNTY 
The Artesia study was followed by a second 

prototype project, involving aquifer evaluation in 
the portion of the Permian Basin which occurs in 
Lea County (Figure 1). 

Level of Detail Needed in UIC Aquifer Evaluation 
Preparation of detailed cross sections, based 

in large part on well log analysis, is a time-
consuming process. To determine if less costly 
methods would be adequate for UIC purposes, the 
initial Lea County aquifer evaluation was based on 
a simple review of the technical literature on 
drinking-water resources of the area. The results 
were then checked using the more detailed 
techniques established in the Artesia area. 

The literature search indicated that the San 
Andres and other Permian formations of Lea 
County are salt-water aquifers and that the base for 

UIC protection can be drawn at the base of over
lying Triassic sediments; exceptions occur in a few 
locations where slightly saline water is known to 
occur in the reef limestones of the Permian Capitan 
Formation. The more detailed analysis reached a 
different conclusion, namely that actual measure
ments of water quality on file with the U.S. 
Geological Survey demonstrate that slightly-
saline water containing less than 10,000 mg/l TDS 
does occur in the San Andres and many other 
Permian units over a sizeable part of the oil-
producing area of Lea County. Moreover, in 
contrast to the Artesia region, this slightly-saline 
water commonly occurs in zones of good perme
ability and is capable of being produced by water 
wells. 

The conclusions reached are: UIC evaluations 
require detailed analyses of logs and other types of 
data in order to ensure that areas of fresh water are 
adequately defined; in Lea County, such a detailed 
analysis indicates that UIC protection may be 
needed for a number of Permian rock units where 
injection is active. 

Regional Hydrogeologic Model 
The area potentially needing UIC protection 

was mapped based on the location of the 10,000 
mg/l isocon as inferred from the regional hydro-
geologic model of Hiss (1980). This model 
indicates that the relatively fresh water in the 
Permian formations of Lea County originated as 
recharge from the Glass Mountains in Texas, a 
source intercepted by Pleistocene incision of the 
Pecos River. The flow path was controlled by a 
number of lithologic features and is shown by the 
heavy black arrow in Figure 7. The remnant fresh 
-water is found in the Capitan Reef and in a 
limestone sand facies deposited in a paleo-
bathymetric area known as the Hobbs Channel. 
The facies interfingers with relatively impermeable 
sediments and cannot be separately mapped from 
available data. It is necessary to conclude that the 
entire Hobbs Channel and most of the Capitan 
Reef are potential sources of drinking water. 

Consideration of an Aquifer Exemption 
The San Andres and other Permian forma

tions of Lea County are prolific oil producers and 
support many waterflood projects and salt-water 
disposal wells. Perhaps one-fifth to one-quarter of 
all brine injection in southeastern New Mexico 
occurs into zones which potentially require UIC 
protection. If injection to these aquifers were 
disallowed, then hundreds of injection wells would 
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Fig. 7. Hydrologic feature* important to UIC classification in southern Lea County, New Mexico. The 10,000 mg/l TDS 
isocon inferred from the water-supply literature occurs in the upper part of unit 1, at about 3,000 feet elevation <msl). 

have to be shut down. Waterflood operations 
would cease, and brine disposal would have to 
occur in the next deeper permeable zone contain
ing saline water—which is Devonian strata at depths 
of up to 10,000 feet (versus 4,000-5,000 feet at 
present). Such a change in injection practices 
would have obvious economic consequences. 

At the time the study was performed, EPA's 
UIC regulations did not include step 9. Application 
of steps 5 through 8 in the aquifer evaluation 
process (Figure 1) indicated that only step 6 fully 
resolved the apparent conflict between then-
existing UIC rules and industry practices. Step 6 
indicates that injection may be allowed in a fresh
water aquifer which is "unusable as a source of 
drinking water because it is situated at a depth or 
location which makes recovery of water for 
drinking-water purposes economically or techno
logically impractical." The criteria of "economic 
impracticality" suggests that exemption might be 
allowed if it made no economic sense to ever use a 

given aquifer as a drinking-water resource. 
Application of step 6 to the Permian aquifers of 
Lea County involved the following steps and 
findings. 

1. The San Andres Formation contains the 
largest and freshest of the potential drinking-water 
resources in the Permian units of the Hobbs 
Channel; the City of Hobbs is the principal area 
where drinking water is needed. Therefore, the 
analysis assumed that the fresh water in the San 
Andres Formation was a potential source of drink
ing water for Hobbs. 

2. The need for water in Hobbs was estimated 
for a 100-year period; the total requirement is 1.5 
million acre-feet. Hobbs can obtain this supply 
from a nearby shallow source of ground water (the 
Tertiary Ogallala Formation) at a cost of $75 per 
acre-foot. 

3. In contrast, the cost of San Andres water 
would exceed $900 per acre-foot. The high price 
primarily reflects the need to desalt the slightly 
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saline water in order to make it potable; pumping 
costs also are much greater than for the shallow 
ground water. 

4. The cost to industry of developing new 
disposal wells into the Devonian would be about 
$1,000 per acre-foot of San Andres water which 
would be protected. 

When all factors are considered, protection 
and use of the San Andres Formation for Hobbs 
drinking water would cost nearly $2,000 per acre-
foot, or about 25 times more than the alternative 
of using Ogallala ground water. This cost differ
ential demonstrates that production of San Andres 
water for drinking-water purposes is economically 
impractical and that a step 6 exemption is justified. 
The same conclusion would apply to the smaller 
amounts of fresh water in otherPermian aquifers. 
This conclusion is specific to the area studied; 
economics might not support an exemption in an 
area where alternative supplies of drinking water 
are scarce. (Note: After the study was completed, 
New Mexico revised its regulations to allow a step 
6 exemption-only where TDS exceeds 5,000 mg/l; 
this does not affect the Lea.County aquifers.) 

SAN JUAN BASIN 
A third study applied the lessons from hydro

carbon-producing areas of southeastern New 
Mexico to the uranium-producing San Juan Basin 
in the northwestern part of the State (Figure 1). 
Two new insights were gained in the San Juan 
study. 

Classification Strategy 
A different strategy toward UIC classification 

was used in the San Juan Basin because, at the time 
of the study, only one small, experimental 
injection project was active in this region. Based on 
step 1 of Figure 1, it is appropriate to provide UIC 
protection for all rock units in the Basin. Reclassi
fications or exemptions can be provided on a case-
by-case basis as industry makes specific injection 
proposals. 

The most likely exemptions would involve 
in-situ uranium mining, where a lixivant would be 
injected into water-bearing ore bodies (Wilson 
etal., 1981). Such injection may be allowed per 
step 5 of Figure 1. The anisotropic nature of the 
ore-bearing formations makes it difficult to predict 
the fate of the injected lixivant. Also, the uranium 
ore is often in the least permeable part of the rock, 
which makes it difficult to prevent leachate 
excursions. Because of these problems it may be 

necessary to exempt aquifers over a much larger 
area than indicated by the idealized in-situ flow 
system and to limit the exemption to the time 
frame of the mining. Monitoring networks will 
need to be extensive, and aquifer restoration will 
be required to ensure that any remnant leachates 
do not migrate to areas outside the exempted zone. 
New Mexico's UIC regulations do in fact specify 
time limits to step 5 exemptions, and require 
aquifer restoration. 

Regional Hydrogeologic Model 
Modern geophysical logs are absent over much 

of the San Juan Basin. To develop a regional 
hydrogeologic model it was necessary to extrapo
late limited information on»water quality and 
lithology. The model was based primarily on three 
facts. 

. 1. The San Juan Basin contains a thick 
sequence (up to 15,000 feet) of Cambrian to 
Holocene sedimentary rocks within a large, mildly 
deformed, asymmetric structural basin that is 
typical of the Colorado Plateau tectonic province. 
Based primarily on the literature (Berry, 1959; 
Shqmaker, 1971; West, 1972; Lyford, 1979; BIA, 
1980) and on water well data, it can be demon
strated Jthat>4n one locatiqry.or another, every 
stratigraphic unit contains (or has the potential to 
contain) some permeable beds with water of less 
than 10,000 mg/l TDS, This supports the concept 
of classifying every rock unit as a protected 
aquifer, unless there is some basis for a determina
tion to the contrary. 

2. Textural facies changes in Permian rocks 
result in coarser sediments toward the north of the 
basin while Cretaceous rocks coarsen to the south. 
This pattern is modified by cement dissolution, 
which is greatest near recharge areas along the 
southern margin of the basin. The result is that, in 
general, transmissivity decreases towards the center 
of the basin, 

3. Total dissolved solids vary laterally within 
individual aquifers. The freshest water is found 
close to recharge areas at the south basin margin. 
Salinity increases as the ground water migrates 
toward the basin center. 

Figure 8 illustrates the net effect of fhe 
relationships described. The heavy dotted line is 
the approximate location of the 10,000 mg/l TDS 
isocon. Near the major recharge zone at the 
southwest basin margin, no base of fresh water has 
been identified'. Near the basin center the base of 
fresh water occurs near the land surface. In 
between there are alternating zones of "fresh" (by 
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Fig. 8. Hydrogeologic cross section of the San Juan Basin, New Mexico. Water containing 10,000 mg/l or less total dissolved 
solids occurs above and to the west of heavy dotted line. Formations wi th a transmissivity of 100 f t 2 /day or greater occur 
above and to the west of solid line. Section taken f rom Lyford (1979). 

UIC standards) and saline water. The fresh water 
appears in cross section as fingers pointing toward 
the center of the basin; each finger is located along 
a relatively permeable unit such as the main Mesa
verde Group, Gallup sandstone, Morrison Forma
tion, Entrada sandstone, and San Andres lime-
stone/Glorieta sandstone. Conversely, fingers of 
saline water point toward the southwest basin 
margin; each saline finger is associated with a rela
tively impermeable formation, most often a shale. 
The heavy line in Figure 8 shows that, in general, 
the fresh water occurs in rocks with a trans
missivity greater than 100 feet squared per day. 

If Figure 8 is supported by future studies, 
then injection will be feasible into the salt-water 
aquifers which occur at relatively shallow depths in 
the northern half of the basin, and into saline 
portions of the Chinle or older units to the south. 
At the southern margin of the basin, which is 
where much of the uranium activity is concen
trated, injection will require a temporary aquifer 
exemption. 

CONCLUSIONS 
The three studies demonstrate that it is 

practical but not simple to implement the aquifer 
classification component of the UIC regulations. 
Aquifer classification involves the steps shown in 
Figure 1 and relies upon hydrogeologic cross 
sections which reflect understanding of regional 
hydrology and geology, and which utilize data 
obtained from well records and geophysical logs. 
Nongeologic considerations, such as economics, 
become important in areas where UIC classifica
tions could conflict with existing or proposed 
industry practices. 

Based on these prototype studies, the cost of 
a UIC aquifer classification should be in the range 
of $0.50 to $1.00 per square mile. The expense 
would be much higher, except that precise 
classifications are needed only in areas of active 
injection. Elsewhere, aquifers can be protected to 
the deepest plausible level unless and until a 
particular applicant provides site-specific data in 
support of an aquifer reclassification or exemption. 
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