
UIC-1001 
OCD UIC PROGRAM 

Exempted Aquifer 
Documents 

Appendix I - N.M. State Demonstra�on 
for Class II Wells 

Aquifer Designa�on for UIC: Prototype 
Study in Southeastern New Mexico 

  



APPENDIX I N.M. State Demonstration for Class I I Wells 

0 AQUIFER DESIGNATION FOR UIC: 

PROTOTYPE STUOY IN SOUTHEASTERN NEW MEXICO 

Submitted to: 

Oil Conservation Division 
Department of Sneroy and Minerals 
State of New Mexico 

Prepared by: 

Mike Holland, Oil Conservation Division 
i?S. WJi SS?' - L e e W i l S O n a n d A s s c c i a t e s , Inc. 
Mike Stahi, Lee Wilson and Associates Inc. 
Dave Jenkins, Lee Wilson and Associates, inc 

December 17, 1979 

Santa Fe, NM 87501 



CONTENTS 

Page 

Introduction 1 

Methods and Data 3 

Results 9 
Alternative 1: F u l l Designation with Exemptions for 

Hydrocarbon Production 10 
Alternative 2: Use of TDS Boundary 11 
Alternative 3: 8oundary Based on Porosity 12 
Alternative 4: Combination of Designation Techniques 13 

Summary 14 

Bibliography 17 

Figure 1. 
Figure 2. 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Figure 7. 
Figure 8. 
Figure 9. 
Figure 10. 
Figure 11. 

Figure 12. 
Figure 13, 
Figure 14, 
Figure 15. 

LIST OF FIGURES 

Location of Prototype Area 
Generalized Stratigraphic Column 
Structural Contours, San Andres Formation 
Surface Geology 
Potentiometric Surface of Shallow Aauifer 
Potentiometric Surface of Artesian Aquifer 
Water Quality Wells Plot 
Location of Shallow Oil and Gas Pools 
Representative Information Wells 
Cross-section of Prototype Area 
Aquifer Designation With Exemption of Oil and Gas 
Pools 
Aquifer 
Aquifer 
Base of 
Aquifer 

Designation Using TDS Data 
Designation Based on Aquifer Porosity 
Artesian Aquifer 

Designation Using Porosity and TDS Data 

LIST OF TABLES 
Table 1. Geohydrologic Data 
Table 2. Records of Water Wells 
Table 3. Records of O i l , Gas, and Geophysical Data Wells 
Table 4. Lithologic Descriptions 

NOTE: PRELIMINARY DRAFT DOCUMENT., FIGURES AND TABLES HAVE NOT 
BEEN PRODUCED IN FINAL FORMAT; ABOVE LISTING HAS CORRECT TITLES 



AQUIFER DESIGNATION FOR UIC: 

PROTOTYPE STUDY IN SOUTHEASTERN NEW MEXICO 

INTRODUCTION 

The New Mexico Oil 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 Injection 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 total dissolved solids (TDS) 

content of less than 10,000 mg/1. 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/1 be protected 

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

beyond the State programs by requiring expli c i t identification 

and mapping of the areas to be protected. However, aquifers 



protected under State regulations could be exempted from 

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

energy production. Because the concept of designation or 

exemption is new, and standardized procedures are not 

available, the process of aquifer evaluation is potentially 

difficult,, complex, and time-consuming; i t may be expensive in 

terms of the commitment of resources for data gathering and 

interpretation. A prototype study is needed to develop 

procedures and evaluate the complexity and expense of the 

aquifer-designation process. The prototype reported here 

involved a l l steps in the process except for those related to a 

formal public hearing. 

The. project described here involved the mapping of aquifers 

in a 144-square-mile area near Artesia, in 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 unit, the San Andres Formation of 

Permian age. This situation is characteristic of much 

of southeastern New Mexico and implies that 

boundary-setting in aquifer designation must be 

precise. 

2. Injection into the San Andres is practiced both 

for secondary recovery and brine disposal; thus the 



potential for contamination is significant and the 

role of UIC designations as a protective tool becomes 

important. 

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 salinity 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 utilized 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 



1 to A), which include geohydrologic information, records of 

water wells, and records of o i l , gas and injection wells 

(including geophysical data wells), and lithologic 

descriptions. The tables were then interpreted to produce maps 

basic to the aquifer designation process (see Figures 2 through 

9); the maps present structural 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" 

in the Results section. 

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

reflects i t s position as a backwater depositional zone in 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 in the same direction. 



The principal aquifer and hydrocarbon-producing zones both 

occur within the San Andres Formation, which lies between the 

Grayburg Formation of the Artesia Group, and the Glorieta 

Sandstone. This formation is therefore the c r i t i c a l interval 

for UIC protection. Two separate porosity horizons are 

situated within the San Andres. The upper horizon is a 

high-porosity (20 per cent) interval which contains an artesian 
A 

aquifer and some isolated hydrocarbon development. The 

artesian quifer underlies most of the area. The Aquifer 

includes much of the Grayburg as well as and the.upper, porous 

zone of the San Andres. The water contains less than 3000 mg/1 

dissolved solids, except in the southeastern part of the map 

area where o i l is produced from the lower Grayburg. 

The lower horizon corresponds to the Slaughter dolomite 

zone, where locally developed porosity contains o i l and gas, 

and total dissolved solids exceed 10,000 mg/1. A zone of low 

porosity apparently acts as a confining horizon, or 

permeability barrier, which separates the aquifer from the 

Slaughter zone and the o i l pools. 

Data on geohydrology and water quality in the area (see 

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

water is found to the base of the San Andres in some locations, 



there is no water production below the artesian aquifer. 

(However, fresh water is found beneath the San Andres in the 

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

In most locations, fresh water is not found in 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 in 

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

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

yield is obtained from any well which penetrates below the 

artesian aquifer. Water in the Glorieta exceeds 10,000 mg/1 in 

a l l geophysical data wells.. 

In units east of the Pecos River, water contains more 

dissolved solids than in corresponding units west of the 

river. Most fresh-water production comes from the Yates 

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

1,000 mg/1, but are generally above 4,000 mg/1. 



A shallow aquifer extends from the western portion of the 

prototype area to the Pecos River (Figures 4 and 5). The 

aquifer includes the valley alluvial 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 3; Figures 8 and 10). Six million barrels of o i l 

have been pumped from over 400 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 separate 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 

e 
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of the artesian aquifer by the underlying o i l pool is 

unlikely. Local porosity along the Artesia Vacuum Arch within 

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

Slaughter zone. Here, absence of vertical permeability 

development; also protects the artesian aquifer. This trend 

continues east across the Pecos River in zones separated by 

permeability barriers. Most of these shallow pools have been 

depleted to production rates of less than one barrel per day 

per well. 

Several points developed in 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 injection is available in 

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 is 

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

occurs below the artesian aquifer. There is a geologic basis 

in 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. 



RESULTS 

Four alternatives were considered in the prototype study; 

three reflect a principle of designation (or exemption) 

contained in the UIC regulations, and the fourth is a 

combination containing the best overall approach. 

Alternative 1. The entire stratigraphic interval to the base 

of the San Andres could be designated as an aquifer requiring 

UIC protection, with exemption for areas in which.hydrocarbon 

production occurs. 

Alternative 2. The interval could be designated as an aquifer 

only where total dissolved solids are less than 10,000 mg/1. 

Alternative 3. The interval could be designated as an aquifer 

only where production of fresh water is li k e l y to be 

economically or technically feasible. 

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

used. This alternative is the one recommended for the 

prototype area. 



Each alternative must be judged in terms of: a) I t s 

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

administrative efficiency. Figures 11-15 display the various 

aquifer designations which would result from each alternative. 

® 
Alternative 1; Full 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 

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

mg/1 throughout deeper horizons. Upper and lateral boundaries 

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

hydrocarbon production. The heavy dashed line in Figure 11 

illustrates how such a boundary would appear in cross-section. 

This approach promises good protection of drinking water. 

The available evidence indicates that hydrocarbon production 

occurs within localized porosity zones (potential injection 

zones) which are unconnected to the artesian aquifer; further, 

fresh water has not been found beneath any o i l pool. 

Therefore, wastes injected into areas exempted from designation 

would not be expected to commingle with fresh water in the 

protected aquifers. However, the; approach would face severe 
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administrative problems. Boundaries must be redrawn each time 

an o i l pool is 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 ) is quite time-consuming. 

Alternative 2: Use of TDS Boundary 

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

less than 10,000 mg/1 solids would, by UIC definition, provide 

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

The major drawback to using this method throughout the study 

area is that there are no water-quality analyses available from 

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

east o f t h e 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 relatively few geophysical data wells; hence the 

boundary can only be approximate and the depth to which UIC 

protection should extend is uncertain. East of the river the 

line is drawn across the top of o i l pools because elsewhere in 

the area TDS values in and beneath beneath pools are always 

greater than 10,000 mg/1. 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: Boundary Based on 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 limits 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 historic use of this c r i t e r i a in 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 in map form 

(Figure 14). However, the artesian aquifer does not extend 

east of the Pecos River; a different approach is needed to 

provide aquifer protection in that part of the study area. 

Alternative 4: Combination of Designation Techniques 

To provide protection for fresh-water in 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 is feasible in the map area west of the Pecos 

River (Alternative 3). However, east of the river 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 described in Alternative 2). The 

boundary drawn east of the river in Figure 14 is extrapolated 

from elsewhere in the area, and would need to be fixed in more 

detail 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 in the 

prototype area. 
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Figure 15 is a cross-section which identifies the boundary 

of the designated aquifer drawn according to Alternative 4. 

While this approach would require different types of 

administration in different parts of the prototype area, i t 

also provides the most comprehensive protection. The 

administrative burden would not be significantly greater than 

that required for each individual technique above. 

SUMMARY AND CONCLUSIONS 

The prototype, study has determined that boundaries can be 

set and aquifers identified under the UIC program. In the 

study area, existing state regulations can be used in 

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 appropriate boundaries 

based on tota 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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In deeper aquifers, which, while not currently use for 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 in the 

study area. The TDS method is likely to be used in much of New 

Mexico; however, the boundaries set w i l l be less reliable than 

those established on a geologic basis, unless salinity is 

geologically controlled. A major administrative concern is 

that the procedures used in designating aquifers not change 

every time new data become available. This concern makes the 

exemptions of aquifers for hydrocarbon production an 

undesirable alternative. 

The prototype study cost approximately $100 per square 

mile. This provides a basis for budget estimates for other 

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

involved in mapping the remainder of the Roswell basin as a 

result of the experience and techniques developed in the 

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

depending upon data availability 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 reliable) than in 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/square 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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Figure 5: Potentiometric Surface of Shallow Aquif 

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



Figure 6: Potentiometric Surface of Artesian Aquifer. 

Source: af t e r E. Welder, i 
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Figure 8: Location of Shallow O i l and Gas Pools. 

Source: M. Holland, 197 
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Table A. Lithologic descriptions of units identified in Figure 2. 

1. Alluvial F i l l - unconsolidated sands, s i l t s , and gravels. 

2. Yates Formation - gypsum with minor dolomite and 

siltstone. 

3. Seven Rivers Formation - anhydrite with shale, dolomite, 

and sandstone. 

4. Queen Formation - sandstones with some sandy dolomite 

5. Grayburg Formation - porous sandstone and sandy dolomite. 

6. 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 irregular 

high porosity development; the area between the upper zone 

and Slaughter lacks good porosity development. 

7. Glorieta Sandstone Member - sandstone and siltstone with 

calcareous cement. 

8. Yeso Formation - dark gray shales with carbonate-cemented 

siltstones, limestones, and anhydrite. 



District I
1625 N. French Dr., Hobbs, NM 88240
Phone:(575) 3936161 Fax:(575) 3930720

District II
811 S. First St., Artesia, NM 88210
Phone:(575) 7481283 Fax:(575) 7489720

District III
1000 Rio Brazos Rd., Aztec, NM 87410
Phone:(505) 3346178 Fax:(505) 3346170

District IV
1220 S. St Francis Dr., Santa Fe, NM 87505
Phone:(505) 4763470 Fax:(505) 4763462

State of New Mexico
Energy, Minerals and Natural Resources

Oil Conservation Division
1220 S. St Francis Dr.
Santa Fe, NM 87505

CONDITIONS

Action  223008

CONDITIONS
Operator:

NEW MEXICO ENERGY MINERALS & NATURAL RESOURCE
1220 S St Francis Dr
Santa Fe , NM 87504

OGRID:

264235
Action Number:

223008
Action Type:

[IMSD] Admin Order Support Doc (ENG) (IMAAO)

CONDITIONS

Created By Condition Condition
Date

pgoetze None 6/1/2023


