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DISCLAIMER 
 

 The purpose of the Water Resources Research Institute (WRRI) technical reports is to 
provide a timely outlet for research results obtained on projects supported in whole or in part by 
the institute. Through these reports the WRRI promotes the free exchange of information and 
ideas and hopes to stimulate thoughtful actions that may lead to resolution of water problems. 
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information contained within its reports, but the views expressed are those of the authors and do 
not necessarily reflect those of the WRRI or its reviewers. Contents of this publication do not 
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of trade names or commercial products constitute their endorsement by the United States 
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ABSTRACT 

 

 Southeastern New Mexico has experienced over a century of oil and gas drilling and years 

of freshwater and groundwater shortages as fresh water aquifers and reservoirs are depleted. 

Demand for freshwater has increased due in part to production practices of the oil and gas industry. 

Various stakeholders are looking for opportunities to use alternative water sources, such as 

produced water, to offset freshwater use. Produced water, a byproduct of oil and gas drilling, is 

most often managed as a waste product. However, as technologic advances are made in water 

treatment and the demand for water grows, the use of produced water as an alternative water source 

in Southeast New Mexico continues to garner attention. Many variables drive the potential of 

produced water for beneficial use, thus the need for additional information about how produced 

water could meet the needs for these uses (e.g., agriculture, industrial, and onsite oil and gas). This 

report addresses this need by summarizing necessary considerations prior to using produced water.  

Agricultural use in Lea and Eddy Counties was emphasized because of its large water use and its 

cultural and economic role in the region. Additionally, a recently developed decision-support tool 

was used with an exhaustive set of parameters to create four hypothetical case studies of long-term 

reuse in Lea and Eddy Counties. The results of this study suggest some treatment options may be 

economically feasible for reuse in oil and gas and in industry. Reuse in agriculture is possible, 

however, additional water and soil quality sampling would be needed and the economic feasibility 

might still be limited by the costs associated with removal of salts. Lastly, prior to any reuse of 

produced water outside the oil and gas industry, appropriate permits must be obtained.  

 

 

 

Keywords: produced water, agriculture, industrial, freshwater stress, Southeast New Mexico, 

treatment technologies 
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1. BACKGROUND 

The Permian Basin is the largest natural gas reserve in the United States and covers parts 

of southeastern New Mexico and western Texas (Figure 1). The Basin covers an area of 

approximately 190,000 km2 and comprises two sub-basins, the Delaware Basin to the west and 

the Midland Basin to the east, separated by the Central Basin Platform (Engle et al., 2016). There 

are more than 20 sub-formations that generate produced water during oil and gas production. 

Sections of the Permian Basin exist in conjunction with the Ogallala aquifer which is rapidly 

depleting due to groundwater pumping (Freyman, 2014; Tillary, 2008).  Within this last decade 

the region has experienced an increase in oil production due to hydraulic fracturing because it 

promotes greater oil and gas recovery. Coincidently, the region has also experienced what was 

below average precipitation during this time (Sullivan et al., 2015). This caused a noticeable 

strain in water availability in this already water scarce area.  

 
 

FIGURE 1. Location of Permian Basin in New Mexico. (Source: NMOCD). 

 

Produced water, a byproduct from conventional (vertical) or unconventional (horizontal) 

oil and gas drilling (New Mexico Oil & Gas act), is defined as any water present in oil reservoirs 

with hydrocarbons and is brought to the surface with crude oil and natural gas (Veil et al., 2004). 

Fresh water supplies have been used in the drilling process in order to complete a well. When 

freshwater comingles with produced water it becomes a waste stream that is either evaporated, 
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re-injected into the oil field strata or injected into a saltwater disposal well (ALL Consulting, 

2005). The age of the well influences the amount of produced water that is being extracted 

(Figure 2) (Adebambo, 2011). On average, the ratio of water to oil is about 7:1 (Burnett, 2004) 

but varies over time and space. This is an important issue to account for as hydraulic fracturing 

production is expected to double in the Permian basin by 2020 (Freyman, 2014). One concern is 

the use of freshwater that is used for oil and gas drilling that is consequently turning freshwater 

water into produced water.  

 

FIGURE 2. Expected volume of oil and water from a well through a 20 year period (Igunnu et. 
al., 2012). 

 

The amount of water produced during the life of the well is more than the amount of oil 

that is recovered. The use of produced water as an alternative water source continues to be of 

interest to researchers, water-planners, industry, and other stakeholders, and for good reason. It 

was reported that in 2007 the US averaged about 21 billion barrels of produced water per year 

(Clark, 2009). In Southeast, New Mexico, an estimated 647 million cubic meters (approximately 

4 billion barrels) of produced water was brought to the surface between 2008-2013 (Sullivan et 

al., 2015), averaging 678.2 million barrels per year. Produced water is the largest liquid waste 

stream associated with oil and gas production. Not long ago, produced water was only 

considered to be a waste product that costs the oil and gas industries money during both 
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extraction and disposal. As freshwater resources in Southeast New Mexico continue to diminish 

from the Ogallala aquifer (Tillary, 2008) and the Pecos River (Williams, 2012), and water 

treatment technology improves, the use of treated produced water for agriculture and industrial 

applications has become more realistic.  

The purpose of this report is to analyze the opportunities for potential uses of treated 

produced water for southeastern New Mexico, focusing on agricultural irrigation, industrial uses, 

and onsite oil and gas operations. Many criteria must be met prior to the reuse of treated 

produced water for a specified purpose and this report outlines some of the main considerations. 

Water quality is a prime concern when using treated produced water and each potential use has 

unique considerations. Agricultural purposes require that soil and water quality be considered in 

conjunction with crop tolerance levels. Industrial typically has lower water quality standards but 

there are also environmental standards that must be considered prior to reuse. Oil and gas 

companies have the most at stake when looking for opportunities for reuse of produced water 

and several companies are already championing efforts to reuse produced water for hydraulic 

fracturing. 

1.1  Water accounting in New Mexico 

Agriculture and industry play important economic and cultural roles in Southeast New 

Mexico converting large volumes of freshwater into commodities. There are some concerns over 

the accounting of water use within the state when it comes to groundwater that traditionally has 

been solely used for crop production. Water right holders are allowed to use water for beneficial 

purposes and as such can be sold to oil and gas industries for purposes of drilling (personal 

communication; Van Dyke, 2016). According to the Office of the State Engineer (Longworth et 

al., 2010), New Mexico’s mining industry uses 1.1% of the state’s total water. Sequentially only 

5.4% of that total 1.1% is used for oil and gas production (Diemer et al., 2014). This equates to 

0.000594% of the state’s water but does not, however, take into account the amount of water 

purchased from farmers or other water-right holders. If oil and gas industries can use treated 

produced water within their businesses, the potential use of good quality freshwater for drilling 

can be minimized and vitally reduce the loss of New Mexico’s freshwater supply. 
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There has been an increase in demand for water use within the oil and gas industry 

because of the hydraulic fracturing process. Agriculturalists often sell their water to oil and gas 

companies because of the premium that industry are willing to pay for clean water. From a 

monetary standpoint, agriculturalists can make more money selling their water to industry than 

growing crops (VanDyke, 2016). With the recent oil boom from hydraulic fracturing, farmers 

and other water right owners are using water sales to their advantage as an additional form of 

income; in some cases as a way to pay mortgage (VanDyke, 2016). More and more farmers are 

transitioning into selling their water to oil and gas industries, which is heavily dependent on the 

oil and gas market. Farmers from other states are facing the same challenges. 

Although the state of New Mexico allows for the transfer and selling of water rights, 

there is no clear guidance regarding New Mexico’s water marketing opportunities. There is no 

formal “market” for the sale of water such as auctions or clearing houses (Oat et al., 2013). The 

Office of the State Engineer (OSE), however, does have certain regulations embedded into water 

rights, such as having to go through a permit process when changing the purpose of the water’s 

beneficial use. Unfortunately, there is no clear way of tracking the sale of water in the state. By 

tracking these changes in water use, there would be a better representation of the state’s 

freshwater supply that can potentially help address additional freshwater usage problems. 

Another problem that has been encountered is the lack of knowledge regarding the economic 

value of water rights (DeMouche, 2010). It has been suggested that a viable water marketing 

plan would be beneficial in addressing water scarcity in New Mexico. 

1.2 Current management of produced water 

Produced water is usually brackish to saline in quality that can have traces of oil residue 

and other chemicals depending on the method for drilling (shale, coal bed methane, tight gas 

sands, etc.). It is difficult to generalize the quality of produced water because of its inconsistency 

due to the well site location, geomorphology, and methodology of drilling used at the site (Clark, 

2009).  

The reuse of produced water is a fairly new concept that dates back to the 1980s and 

1990s which before then was not considered an option. The US-EPA has been regulating 

discharges of produced water since the 1960s to prevent contamination into other water 
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resources (USEPA, 40 CFR Part 435). Produced water has been: 1) reused within the industry; 2) 

discharged offshore if the quality of the water meets discharge regulations; 3) used for 

preventing the production of produced water onto the surface by the use of polymer gels that 

block the water during drilling operations; and 4) a resource used in other treatments to meet 

water quality regulations for alternative uses (ALL Consulting, 2005). All these alternatives 

hinge on the quality of the available produced water. The treatment level as well as the type of 

water quality expected after treatment depends mainly on the proposed use. Three possible uses 

for produced water include industrial, municipal, and agriculture reuse. Dahm and Guerra (2014) 

described how a drilling company in Barnhart, Texas, used a blend of brackish and recycled 

flow-back water for hydraulic fracturing operations. The purpose was to minimize the use of 

freshwater for hydraulic fracturing.  

2. ALTERNATIVE USES OF PRODUCED WATER  

Using produced water as an alternative water source can be problematic because of the 

potential for liability associated with accidental or deliberate discharges. However, California, 

Colorado, Oklahoma, Texas, and Wyoming have started implementing alternative uses for 

produced water other than re-injection (ALL Consulting, 2005; Dahm and Guerra, 2014). The 

primary limiting factor for beneficial alternative uses is the cost associated with treating 

produced water itself. Factors that need to be addressed include treatment facilities, 

transportation, and the proper disposal of the accumulated waste stream. The level of treatment, 

however, can be defined by the end user’s water quality needs and the regulations that may be 

imposed or enforced by local, state, or federal government. For example, there are some areas 

where farmers are faced with high total dissolved solids that already restrict optimum crop 

growth. It could be that Dahm and Guerra’s (2014) example has a counterpart in agriculture 

where produced water is treated to a point that is less saline than available groundwater and used 

to improve irrigation water quality through dilution.  

2.1 Agriculture 

In the western region of the US, 83% of freshwater withdrawn is for irrigation (Maupin et 

al., 2014). Irrigation for agricultural purposes is the primary water consumer in the seventeen 

western states where average rainfall is less than 20 inches per year. Rainfall averages less than 

10 inches per year in much of the southern regions of New Mexico where most of the 
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precipitation is expected during the “monsoon” season from July through August (WRCC, 

2016).  About 79% of New Mexico’s water is used for irrigated agriculture (NMOSE, 2015; 

Longworth et al., 2013). The remaining water withdrawals supply public or commercial 

purposes, which only average about 8% and 1%, respectively (NMOSE 2015; Longworth et al., 

2013). Agriculture has been the largest water user in the state for most of its history. However, 

agriculture is also a major contributor to New Mexico’s gross domestic product. The 

combination of agriculture and food processing in New Mexico accounted for $10.6 billion in 

2012 which was roughly 12% of the state’s economy (Diemer et al., 2014). There were about 

24,700 New Mexico farms in 2012 and 2014 averaging 1,749 acres (Bustillos et al., 2015). New 

Mexico agriculture has also helped produce nearly 42,000 jobs to processors, ranchers, and 

farmers across the state (Diemer et al., 2014).  

Eddy and Lea Counties are located on the southeastern part of the state and contribute to 

some of the most significant crops to New Mexico’s agriculture. In 2012, harvested cropland in 

Eddy County totaled 41,775 acres yet 43,254 acres were irrigable (USDA-NASS, 2014). Lea 

County had 49,664 acres of harvested cropland from a total of 51,581 irrigable acres (USDA-

NASS, 2014). This primary production accounted for $119.6 million dollars in agricultural sales 

in 2012 in Eddy County and $188.9 million from Lea County NASS (2012). Cotton, corn, and 

hay were the dominant crops in 2012 with a few acres in pecans and other specialty crops 

(NASS, 2012). Lea County grew significant acreage of cotton, corn, hay, and peanuts in 2012. 

Hay was primarily alfalfa which is New Mexico’s third largest cash crop (USDA-ERS, 2015). 

Additionally, Eddy County had 551 farms that averaged 2,073 acres (Bustillos et al., 2015). Lea 

County had 460 farms averaging 1,806 acres. Ash (1963) described groundwater conditions in 

northern Lea County as very limited (“tens of years”) at the rate of withdrawal in 1953. It is one 

of many areas in New Mexico in which groundwater is being mined (Ash, 1963). With expected 

long-term droughts combined with possible longer growing seasons due to climate change the 

amount of freshwater availability in the future is vague (Repetto, 2012). As these wells go dry 

(farmer, personal communication, Konikow, 2013) there may be recourse to treated produced 

water to assist and, at some level, stabilize economic production from this region. 

With new and advanced treatment technologies, treating produced water to an acceptable 

level has the potential to be used for multiple resources including agriculture. Because of 
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agriculture’s large economic, cultural, and water footprint to the state, it is important to begin 

addressing these new alternative methods from which agriculture could benefit.  

2.1.1 Water quantity for agriculture use 

Longworth et al. (2013) reported that Eddy County agricultural groundwater withdrawals 

totaled 109,738 acre-feet (~0.832 billion barrels) in 2010 and Lea County withdrew 172,297 

acre-feet (~1.31 billion barrels) for the same purpose to help drive agriculture’s economic and 

cultural benefits to the state.  The quantity of water needed by a particular crop is dependent on 

the consumptive use of each crop (USDA-NRCS NM, 2005) which is driven by the potential 

evapotranspiration in each region. Consumptive use for common crops grown in Eddy and Lea 

counties are given in Figure 3. The New Mexico USDA-NRCS has published in their field office 

technical guide (USDA-NRCS, 2005) consumptive use for selected regions in the state. The 

information is presented in tables for selected New Mexico counties by month for both dry years 

and normal years. Historic effective rainfall is also included for consideration. Eddy and Lea 

Counties also have dormant periods for summer crops such as alfalfa, corn, cotton, and sorghums 

(grain or forage). Winter forages include the small grains such as barley, oats, or wheat. Crop 

rotations that include winter production of small grains or other winter-hardy crops can utilize 

water all year round.  

Using alfalfa as an example, the USDA-NRCS of New Mexico (2005) estimated from 

historical data the net irrigation requirement for alfalfa from March to November to be 34.1 acre-

inches (21,534 bbls/acre) in a normal year or 35.6 acre-inches (22,481 bbls/acre) in a dry year 

excluding rainfall (Figure 4). In Lea County, net irrigation for alfalfa was estimated at 43.24 

acre-inches (27,306 bbls/acre) for the same time period under normal year conditions. Alfalfa in 

a dry year would need 45.5 acre-inches (28,733 bbls/acre) of irrigation water (Figure 3). A 

typical 120 acre pivot, therefore, would need ~3.5 million barrels of irrigation water. The amount 

of water is further adjusted to maintain a leaching fraction of water in order to keep the soil 

electrical conductivity (E.C.) in an optimum range for specific crops. Figure 4 illustrates the 

monthly irrigation needs for selected crops in Eddy and Lea counties in barrels per acre. 

The consumptive use of alfalfa grown in the Carlsbad area in a dry year requires 35.26 

acre-inches from March to October or November (NRCS Staff, 2005). This equates to ~2.227 

million barrels per season per acre. An 80 acre field of alfalfa in Eddy County would need a little 
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more than 178 million barrels of acceptable quality irrigation water. Alfalfa’s peak demand for 

water usually occurs in June while very little water is required in January, February, and 

October-December. Irrigation efficiencies and leaching fractions increase the amount of water 

needed to grow the crop year after year.  

 

 

FIGURE 3. Consumptive use of selected crops from Eddy and Lea Counties (USDA-NRCS-NM, 
2005). 
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FIGURE 4. Alfalfa average water requirements per month as affected by location, time of year, 
and yearly rain (USDA-NRCS-NM, 2005).  

 

2.1.2 Crop irrigation requirements 

As stated earlier (section 2.1.1) each crop has a “consumptive use” which is the amount 

of water needed to bring a crop to maturity for harvest. Crop consumptive use is dependent on 

the potential evaporation of the area (climate) and the physiological needs of the crop. If leaching 

is needed to keep a crop healthy and productive from the effects of salinity then more water will 

be required.  

The type of irrigation system also plays an important factor in water as the water quality 

can impair the infrastructure if used with low quality water. A sprinkler system is more 

vulnerable to clogging and impairment due to poor water qualities but is also more efficient in 

water delivery. Water in Eddy and Lea Counties is susceptible to high mineral content such as 
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calcium. New Mexico fresh waters have also been found to have issues regarding sand particle 

size that comes up from wells and biological concerns. Therefore, a filtration system is a helpful 

tool in preventing clogging issues. It does not, however, always prevent all plausible causes of 

clogging. Flushing the irrigation system from time to time can help prevent these impairments. 

Flood irrigation systems are less efficient than sprinkler systems and would need additional 

water to assure proper uniformity and productivity.  

Salinity is a major limitation for many crops in New Mexico which vary in their response 

to salinity (Figure 5). Additionally, the number of crops that can be grown decreases with 

increasing soil salinity (Flynn and Ulery, 2011). Irrigation water salinity impacts soil salinity and 

can also have specific effects on actively growing crops if water salinity and specific ions come 

in contact with plant tissue. Salinity is generally managed by increasing the amount of water 

applied to some level above its consumptive use by calculating a leaching fraction based on 

water quality and a target soil EC. This practice leaches excess salts out of the crop root zone. 

Choosing crops that are more tolerant to salinity (Flynn and Ulery, 2011) is another alternative 

that can help reduce the leaching fraction. 
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FIGURE 5. Crop tolerance examples illustrating soil ECe where yield reduction will likely be 
less than 10%, between 10 and 25%, and greater than 25% with maximum tolerable salinity at 
the end of the horizontal bar. Tapering of the bars from left to right reflects degree of yield loss 
at higher levels of total salinity. Original graphic from Bernstein, L. 1964. “Salt Tolerance of 
Plants” USDA Info Bulletin 283. 

 

2.1.3 Produced water for agriculture in southeastern New Mexico  

While no specific regulation addresses the use of treated produced water in agriculture, 

the New Mexico Environment Department’s Ground and Surface Water Quality Bureau does 

have water quality guidelines and regulations (NMAC 20.6.2.3103) for domestic and agricultural 

groundwater use. These standards have been set to protect all ground and surface waters of the 

state of New Mexico (Table 1) for present and potential future domestic or agricultural use. 

These regulations also protect those segments of surface water which gain groundwater inflow 

(NMAC 20.6.2.3103). The main concern for these regulations is to meet human health standards. 

These standards can stand as an established target for the treatment of produced water. Not all 
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water needs to be treated to human standards but could be treated to levels that are acceptable for 

livestock or crop use. Dahm and Guerra (2011) have summarized, in tabular form, National 

Science Foundation guidelines for water quality (Table 2) that can be used for livestock 

watering.  

TABLE 1. Guidelines of groundwater quality for domestic use. (NMAC 20.6.2.3103). 

Constituent (mg/l) Constituent (mg/l) 
Arsenic (As) 0.10 1,2 Dichloroethane (EDC) 0.01 
Barium (Ba) 1.00 1,1 Dichloroethylene (1,1-DCE) 0.005 
Cadmium (Cd) 0.01 1,1,2,2 Tetrachlorothylene (PCE) 0.02 
Chromium (Cr) 0.05 1,1,2 Trichloroethylene (TCE) 0.10 
Cyanide (CN) 0.20 Ethylbenzene 0.75 
Flouride (F) 1.60 Total xylenes 0.62 
Lead (Pb) 0.05 Methylene chloride 0.10 
Total Mercury (Hg) 0.002 Chloroform  0.10 
Nitrate (NO3 as N) 10.00 1,1Ddichloroethane 0.025 
Selenium (Se) 0.05 Ethylene dibromide (EDB) 0.0001 
Silver (Ag) 0.05 1,1,1 Trichloroethane 0.06 
Uranium (U) 0.03 1,1,2 Trichloroethane 0.01 
Radioactivity  30 pCi/l 1,1,2,2 Tetrachloroethane 0.01 
Benzene 0.01 Vinyl chloride  0.001 
Polychlorinated Biphenyls 
(PCB) 

0.001 PAHs:  0.03 

Toluene 0.75 Benzo-a-pyerne 0.0007 
Carbon tetrachloride 0.01   
Domestic Water Supply (mg/l) Standards for Irrigation Use  (mg/l) 
Chloride  250 Aluminum  5.0 
Copper 1.0 Boron 0.75 
Iron 1.0 Cobalt 0.05 
Manganese  0.2 Molybdenum 1.0 
Phenols 0.005 Nickel  0.2 
Sulfate 600   
Total Dissolved Solids  1000   
Zinc 10   
pH 6–9   

 

 

 



13 
 

TABLE 2. Recommended water quality limits for livestock use from NSF (Dahm and Guerra 
2011). 

 

Constituent Upper limit 
(mg/L) 

Constituent Upper limit 
(mg/L) 

Aluminum  5.0 Mercury 0.01 
Arsenic 0.2 Nitrate + Nitrite 100.0 
Boron 5.0 Nitrite 10.0 
Cadmium  0.1 Selenium 0.1 
Chromium 1.0 Vanadium 0.1 
Cobalt 1.0 Zinc 24.0 
Copper 10.5 Total Dissolved Solids  10000.0 
Fluorine 2.0 pH 5.5-8.5 
Lead 0.1 Sulfate  2,000 

 

Two important components for productive crops are water and soil quality. Water quality 

for irrigation depends on the type of crop, as well as soil types (texture, depth). Crops vary in 

their tolerance to total salinity and specific ions such as sodium, chloride and boron. Soil is most 

adversely affected by sodium as it causes clay particles to disperse and prevent water from 

entering into the soil. The choice of crops that can be grown declines as total soil or water 

salinity increase. However, plants vary in their tolerance to these components. Therefore, 

treatment industries would have to assure certain water quality standards that are dependent on 

the crop that the treated produced water would be applied to. However, every crop has a salinity 

threshold after which yield declines and a rate at which they lose yield as salinity increases 

(Figure 5). It may be fiscally unrealistic to treat produced water to a level that would support any 

type of crop. Point of delivery water treatment may be required to make use of produced water 

for higher value crops with low tolerance to salinity. The higher the crop salinity threshold the 

more salinity can be tolerated which could afford industry reduced treatment options. 

Soils have different physical, chemical, and biological indicators in which agronomists 

and farmers monitor in order to have a thriving growing season (Friedman et al., 2001; Flynn, 

2012). Fertile soils are responsible for multiple functions such as sustaining plant productivity, 

providing essential nutrients, retaining water for the roots, decomposing organic material, 

recycling nutrients, and other key functions. Preventing soils from degrading due to soil erosion 

is essential as this will not only have an effect on crop production, but also to the water quality as 
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it can cause excessive runoff (Friedman et al., 2001). Soil quality is most adversely affected by 

sodium as it leads to dispersed soil particles that prevent water from entering the soil.  

Factors that affect crops negatively are salinity, sodicity, and specific ion toxicity. Crops 

have variable response to salinity and are dependent on species (Figure 5) and variety. Salinity is 

a major soil quality parameter that impacts crop yield, but the threshold limit varies depending 

on crop tolerance. Salinity is measured both in soil and water, and can influence the levels from 

one another.  Within each crop there are also variety of differences in response to salinity with 

specific varieties that have been bred to tolerate higher levels of total salinity. The higher the 

crop threshold the more salinity can be tolerated which could afford industry reduced treatment 

options. Salinity is measured using electrical conductivity (mmhos/cm or dS/m) and often 

interpreted as total dissolved solids (TDS) with units of mg/l (or ppm). Crops are classified as 

being sensitive, moderately sensitive, moderately tolerant, and tolerant.  

Water TDS <450 mg/l is considered good quality provided sodium is not too high. Water 

quality with TDS >2000 mg/l has severe restrictions on use for crop production. Total soil 

salinity above 4 mmhos/cm (saturated paste method) is, by definition, saline and severely 

restricted on what can be grown (U.S. Salinity Laboratory Staff, 1954; Fipps, 2003). 

Management practices for reducing the effects of salinity to crops includes applying excess water 

to promote leaching of salts to below the root zone. This is only productive if there is good soil 

water drainage that will allow salts to move through the soil and away from the root zone (Flynn, 

2011). This is an important component to consider as most produced waters have been measured 

with TDS levels ranging from 20,000 mg/l up to 200,000 mg/l or more in the Permian basin. 

Much of the TDS parameter for New Mexico is composed of calcium and magnesium minerals 

which defines water as being “hard”. Soft water, on the other hand, results when sodium is a 

dominant mineral in the water. Soft water causes more problems for soil structure when applied 

to the soil and at high concentrations can also damage crops. The ratio of sodium to calcium and 

magnesium (SAR) is an important factor to measure as these ions can have an effect in the soil 

quality (Flynn, 2011) and must be interpreted together with the total salinity of the water in order 

deem the water acceptable for plant growth and development as well as soil health. The type of 

dissolved salts that are found present in the irrigation water can also have an influence in the 

performance of a crop. Sodium content and salinity are both seen as guidelines to the level of 

water quality (Ayers and Wescot, 1994). Water and soil testing analyses including pH, salinity, 
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sodium, bicarbonate, chloride, calcium, magnesium, sulfate, nitrate, and boron along with a few 

other elements are expected to not exceed crop water and soil standards if produced water is to 

benefit crop production. There is a wide range of water pH levels in New Mexico with most 

being in the alkaline range and below pH <8.4. Most irrigation well waters have a pH greater 

than 7 and less than 8.   

Heavy metal accumulation can have a negative impact on the crop performance. 

Although some heavy metals; such as Fe, Cu, Zn are essential for plant and animal growth, they 

can also become toxic in high concentrations (Sharma et al., 2005). Heavy metals, or trace 

metals, are labeled as “heavy” because of their specific weight, and although they are found 

naturally in rock formation, they have also been largely dispersed from industrialization and 

urbanization (Hu et al., 2013). Soils can act as a filter for metals, but when excessive toxic 

metals have accumulated the capacity for soils to retain these metals is impaired which can 

consequently be exposed to groundwater and plant uptake (Mapanda et al., 2004). With high 

concentration of heavy metals, plant physiological capabilities such as photosynthesis, gas 

exchange and nutrient absorption can be altered (Sharma et al., 2005). This, in turn, can also 

cause reduction in plant growth. The type of plant, specific metal, the concentration, soil 

composition and pH as well as other environmental factors can have an effect on the toxicity 

levels. Therefore it is important to monitor and maintain a set of acceptable concentration levels 

for heavy metals (Table 3) as they are commonly found in raw produced water, such as 

cadmium, chromium, copper lead, mercury, nickel, silver, and zinc (Ahmadun et al., 2009).  

TABLE 3. Acceptable concentration levels of heavy metals in soil and crops (Sharma et al., 
2005). 

Heavy 
Metals 

Range in Soil 
(ppm) 

Range in agricultural crops 
(ppm) 

Cd 0.01−0.7 0.2−0.8 
Co 1−40 0.05−0.5 
Cr 5−3,000 0.2−1.0 
Cu 2−100 4.5 
Fe 7,000−550,000 10-400  
Mn 100−4,000 15−100 
Mo 0.2−5 1−100 
Ni 10−1,000 1 
Pb 2−200 0.1−10 
Zn 10−300 15−200 
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2.1.4 Economic crops of southeastern New Mexico 

Some of the most economically significant crops in New Mexico are alfalfa, chile, 

pecans, cotton, corn, and wheat (NMASS, 2015). While all these crops are grown in Eddy and 

Lea counties, this review focuses on the tolerance levels of alfalfa, cotton, sorghum, and wheat 

as these are the largest acreage crops in both Eddy and Lea counties. They are also some of the 

most salt tolerant crops. A water quality assessment is needed to mitigate the response expected 

for crop growth and soil response to sodium. This assessment needs to identify: 1) the total 

concentration of soluble salts, 2) the proportion of sodium to calcium and magnesium (SAR), 3) 

the bicarbonate concentration in relation to the concentration of calcium and magnesium, and 4) 

the concentration of other elements such as boron and chloride as well as other minerals and 

compounds (Fipps, 2003). Best management practices to keep crop foliage from being damaged 

by specific ion effects are to water at night or from beneath the canopy. This could be done with 

low energy precision application directly to the ground. Table 4 summarizes crop tolerance 

levels for the major crops of the area of interest.  

TABLE 4. Selected crop, soil, and water quality tolerances (Ayers and Wescot, 1994; Maas, 1986). 

 Alfalfa Corn Cotton Sorghum Wheat 
pH 6.5-8.44 6.5-8.4 6.5-8.4 6.5-8.42 6.5-8.43 
TDS (ppm) 1280 1152 4928 4352 1344 
Salinity Tolerance Rating Moderately 

Sensitive 
Moderately 
Sensitive 

Tolerant Moderately 
Tolerant 

Moderately 
Tolerant 

Threshold ECe 
(mmhos/cm)† 2 1.8 7.7 6.8 2.1 

50% Emergence EC 8-13 24 15 15 14-16 
50% Yield EC 8.9 5.9 17 13 17 
Soil Exchangeable 
Sodium percentage (ESP) 40-60 40-60 ESP>40 (15-40) (15-40) 

Na ppm (water) ppm <460 <460 <460 n/a n/a 
Cl ppm (water) ppm <709 <709 <709 n/a n/a 
Boron (water) ppm 4-6 2-4 6-10 6-10 0.75-1 

 

Alfalfa 

Alfalfa is moderately sensitive to salinity with a soil saturated paste (ECe) threshold of 

2.0 mmhos/cm (Maas, 1986). Without salt tolerant varieties, alfalfa is expected to experience a 
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7.3% reduction in yield for every unit above 2 mmhos/cm. Some varieties have been bred to 

withstand higher levels of salinity but are limited to areas where non-dormant varieties can be 

grown. Alfalfa grown in soil with a saturated paste ECe of 8.9 would be expected to yield half its 

potential yield and would have 50% or less emergence if the soil had a saturated paste salinity of 

8-13 mmhos/cm at germination (Maas, 1986). Alfalfa, however, can tolerate 4-6 ppm boron in 

soil solution (Eaton, 1944). Most alfalfa can also withstand up to 460 ppm Na or 709 ppm Cl 

depending on environmental conditions. There are also varieties of alfalfa available on the 

market that are considered tolerant as they have been bred to tolerate more total salinity.  

Corn and Chile 

Chile and corn have the lowest tolerances to salinity. Soil salinity should not go beyond 

1.8 mmhos/cm in total salinity for corn and chile should not be exposed to levels above 1.5 

mmhos/cm. Chile, however, is slightly more tolerant than corn as salinity rises above its 

threshold. If soil salinity is as high as 24 mmhos there will be a 50% loss of a corn stand at 

emergence. Soil kept at 5.9 mmhos/cm would result in a 50% corn yield potential. Corn is 

similar to alfalfa in its tolerance to foliar injury from Na or Cl in the irrigation water. Chile, 

however, does not tolerate more than 115 ppm of Na or 177 ppm of Cl on its foliage. Chile will 

only tolerate 1 – 2 ppm boron and corn tolerates slightly more at up to 4 ppm.  

Sorghum / Sudangrass 

 Sorghum and sudangrass can be substitutes for corn grown for silage as processed seed 

corn can be added to the diet to improve the starch and protein content that sorghum and 

sudangrass are short on. Sorghums tolerate more total salinity with a 2.8 mmhos/cm threshold 

and is considered moderately tolerant of salinity. The sorghums tolerate from 230 – 460 ppm Na 

on the leaves and 355 – 709 ppm Cl. Boron tolerance ranges from 6 -10 ppm before damage 

occurs.  

Wheat and other small grains 

Wheat is also grown for forage in southeastern NM along with a few other small grains. 

The soil salinity tolerance level for wheat is 4.5 mmhos/cm and is considered moderately tolerant 

to salinity. Wheat is expected to have 50% emergence and germination if soil salinity is between 

14-16 mmhos/cm. If the soil is kept at 17 mmhos/cm wheat yields will be half of what they could 

be under non-saline conditions. Oats, however, are moderately sensitive. Like wheat, barley is 

moderately tolerant but at a higher threshold (6.0 mmhos/cm). Soil salinity kept at 16-24 
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mmhos/cm during barley germination is subject to 50% reduction in emergence and 50% yield 

potential if kept at 18 mmhos/cm. Oats and barley can tolerate 2-4 ppm of boron in the irrigation 

water making them moderately tolerant to boron. Wheat, however, is sensitive to boron as it 

tolerates only 0.75 – 1 ppm on its foliage.  

2.1.5 Livestock watering 

Livestock watering is classified as any water used or connected to any on farm needs 

such as livestock watering, feedlots, or dairy operations (USGS, 2005). Both Eddy and Lea 

Counties combined averaged about 136,000 head of cattle of both beef and milk cows (Bustillos 

et al., 2015). Eddy and Lea counties accounted for ~3,521 AF for supplied water for livestock in 

2010 (Longworth et al., 2013). The amount of water used for livestock watering was much 

smaller compared to the amount of water used for irrigated agriculture. However, high levels of 

specific ions and high salinity levels have been shown to cause serious harm to cattle. Dahm and 

Guerra (2011) mention the importance of having levels of sulfate and alkalinity below 2,000 

mg/l as greater values can cause sickness and death to animals. Recommended TDS values range 

from less than 1,000- to 3,000 mg/l as acceptable levels for livestock (Table 2). Using treated 

produced water for livestock watering could serve as an additional beneficial use in both Eddy 

and Lea Counties since livestock and dairy ranching is common within the region. 

2.1.6 CBM produce water for Irrigation-Study Case 

 Perhaps some of the most commonly used produced water comes from Coal Bed 

Methane (CBM) production as these waters may be of very high quality water to low quality 

(low TDS concentrations). CBM produced water has shown the potential to be used for direct 

discharge, livestock watering, irrigation (ALL, 2003). Because many CBM productions are 

located in arid regions the management and treatment of produced water from CBM productions 

has gained interest. A study case was done in Johnson County, Wyoming where William’s 

Company implemented an irrigation project on open land that was covered mostly by grasses and 

other drought-resistant plants. Produced water was implemented beginning of Sept 2001, and 

monitored through the following year. CBM water had measured SAR to be greater than 20. 

Water quality needs to be continuously monitored for the need of any new additives such as 

calcium sources, sulfur, or dry gypsum. Throughout the studied year the land showed a large 
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amount of plant growth. Future scopes of work were planned to measure changes in the soil from 

the produced water application.  

2.2 Industrial 

Mining, oil and gas productions, and power generations are the three major industrial water 

consumers within the state (NRCE, 2004). Mining operations use water for mineral extraction 

and processing, metal recovery, and dust control (Maupin et al., 2014). In 2010, mining itself 

used about 11,309 acre-feet of water for production (Longworth et al., 2013). Potash mining was 

responsible for using 20% of the water usage under the industry use category for the entire state. 

Using treated produced water for potash mining would be ideal as New Mexico is the leading 

producer of potash for the US (U.S dept. of the Interior; Longworth et al., 2013), producing 85% 

of the domestic production of potash in Carlsbad, NM (Willett, 2004). Most of the production in 

the region is done by 2 companies, Mosaic Company, and Intrepid Potash, Inc. (Jasinski, 2016) 

over 4 mines. Potash is a term used for the accumulation of mined and manufactured salts 

containing potassium (UNEP, 2001; Austin, 1980), which serves as a manufactured fertilizer. 

Potassium is one of the 3 essential nutrients for plant growth, and maturation (alongside soluble 

phosphorus and fixed nitrogen) (Willet, 2004). Although there are other micronutrients (i.e. 

boron, calcium, chlorine) which can be added and substituted for plant health, but there are no 

substitutions for potassium by a different nutrient (UNEP, 2001). Potash has also been used for 

aluminum recycling, metal electroplating, oil-well drilling mud, snow and ice melting, and water 

softening (Willet, 2004). Currently at Intrepid potash mining Inc., water is pumped from the 

Rustler formation for mining. For solution mining, the water is salt saturated in order to extract 

the potassium; high levels up to 100,000 ppm TDS are acceptable. The mine also requires a 

saline water stream to support an evaporation rate of 1,000 gallon/min. Director of technical 

services of Intrepid Potash (Ryan, 2016), mentioned that the biggest challenges with produced 

water in potash mining are not in the high TDS levels, but in the different constituents that can 

be found in produced water. Raw produced water exhibit high salinity (Dahm and Guerra 2014) 

but also: 

• Suspended Solids 

• Oil & Grease, Hydrocarbons 
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• Dissolved Gas and Volatile compounds  

• Trace Metals  

• Radionuclides   

• Well additives and fracturing chemicals 

These constituents and other cations in produced water can cause complications during 

production as it can cause scaling. Treatment technologies would be focused in removing these 

constituents in order to prevent any malfunctions. Not only can treated produced water facilitate 

potash mining but also be used in salt mining, a common mining industry in southeastern New 

Mexico as well. The treated water could potentially be used for washing of the salt minerals as 

they go through an extensive washing period (United Salt Corporation, 2006).  

When treating produced water both a freshwater and waste stream will be created. 

Minimizing that waste stream would be in the best interest by the producers. In the case of brine 

water, there currently exist a number of technologies that can treat brine to a range of desire 

water quality standards. However, because these technologies still leave behind concentrates that 

are of no value and are potential hazards for the environment, finding a beneficial use to these 

leftover concentrates can help alleviate the waste stream. Selective Salt Recovery (SSR) can be 

used to harvest individual salts from these concentrates in commercial grade qualities (Table 5) 

(Mickley, 2009).  

TABLE 5. Major salts and application areas (Mickley, 2009). 

Chemical Formula Name  Areas of application 

CaCO3 Calcium 

carbonate 

Paper coating pigment, filler for plastics and 

rubbers, special inks, paints and sealants 

CaSO4⋅2H2O Gypsum Remediation of sodic soils, manufacture of 

building products 

CaCl2 (liquor) Calcium Chloride Dust suppression, road base stabilization, 

sodic soil remediation, cement/concrete 

stabilizer, construction industry 

KNaSO4 Glacerite Potassium fertilizer 
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Mg(OH)2 slurry Magnesium 

hydroxide 

Water/waste water treatment, Animal stock 

feed, Feed for magnesium metal 

production, Fire retardant & refractories, 

Acid neutralization 

xMgCO3⋅yMg(OH)2*zH2O Magnesium 

carbonate light 

Fire retardant, Feedstock for magnesium 

metal production, Filler for paper 

manufacturing, rubber and paint. 

NaOH Caustic soda Many applications industrially, Basic 

feedstock for chemical processes, pH 

adjustment, etc 

NaCl Halite Food and industrial processes, Chlor-alkali 

production, Many industries require bulk 

salt supply 

Na2CO3 Soda ash Water treatment, chemical industry, etc 

Na2SO4 Thenardite Surfactants manufacture, Detergents 

manufacture, Glass manufacture, 

Remediation of calcareous soil 

NaOCl Sodium 

hypochlorite 

Disinfection, Chemical industries, Pool 

chlorine 

NaClO4 Sodium Chlorate Paper bleaching, Chemical industries 

 

GEO-Processors USA, is a private company which specializes in the application of SSR for 

industrial benefits. SAL_PROCTM   is GEO-Processors patented, integrated process for 

sequential or selective extraction of dissolved elements from inorganic saline waters in the form 

of valuable salts and chemical compounds (mineral, slurry and liquid form) (GEO-

PROCESSORS, 2016). According to GEO-Processors, they have conducted a number of field 

trials, piloting and operational analysis to confirm its capacity to convert a number of saline 

waste streams into saleable products and achieve zero or regulated discharges (GEO-

PROCESSORS, 2016). These same technology tools can be applied to produced water and its 

high salinity levels, and can potentially add an additional beneficial production to produced 

water. The waste stream can be minimized by making most use of the salts that can be retracted.  
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2.3 Onsite Oil & Gas 

Reusing produced water for oil and gas industries is not as unusual as using it for 

irrigation or surface water discharge. With recent technology, more industries are advancing their 

ability to develop methods that can incorporate the reuse of produced water within their own 

facility. This is most often an economic benefit to the industry as it is less costly than disposing 

of produced water through re-injection and the continual need for fresh water. Given the scarcity 

of water in the semi-arid region of southeastern New Mexico any step toward reducing the need 

for fresh water is a benefit to the region. The primary concern for beneficial alternative uses is 

the cost associated with treating produced water. Factors that need to be addressed include the 

treatment facility itself, transportation to and from the treatment facility, and disposal of the 

accumulated waste stream.  The level of treatment, however, can be defined by the end user’s 

water quality needs and the regulations that may be imposed or enforced. 

Perhaps the most economic use of produced water is its use within the industry “as a 

drilling or completion fluid or other type of oil field fluid, including makeup water, fracturing 

fluid or drilling mud, at a permitted drilling, production or plugging operation” (NMOCD Notice 

under NMAC 19.15.34.12). However, the produced water must not come in contact with any 

fresh water zones of the state.  

Some states like Colorado have introduced legislative bills (HB1018, 2014) to consider 

the use of produced water for onsite dust suppression. In North Dakota, however, “only brine 

from production waters shall be distributed for use as ice or dust control. No drilling fluids, 

exploration fluids or work-over liquids shall be used in this capacity” (NDAC 33-24-02-

02(5)(a)(2)).  Many unpaved roads are already watered for dust control using freshwater sources 

making produced water a more attractive alternative. However, as reflected in North Dakota’s 

rule, there may be liabilities associated with dust control from produced water.  

Shpiner et al., (2009) focused on the importance of removing pollutants from produced 

water if the intent is to use it for municipal or agricultural purposes. Pollutants can include: 

organics (dispersed and dissolved oil), TDS, ammonia, boron, and other heavy metals. This 

research was focused on the removal of certain hard pollutant metals such as cadmium (II), 

chromium (III), and nickel (II) through chemical precipitation in biological treatment that would 

bring the produced water to European water quality standards. The study also identified the 
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possibility of using continuous artificial ponds, joined with intermittent sand filters to treat the 

produced water and meet irrigation quality standards.  

Treatment technologies such as plate settlers, reverse osmosis, dissolved air flotation, 

electro-coagulation, and bio-reactors have already been installed and used in several industries 

for the purpose of treating produced water (Dahm and Guerra, 2014; Funston et al., 2002; 

Burnett, 2004; Ramirez, 2002). Ultimately, there will be multiple methodologies employed with 

produced water treatment as it is unrealistic to expect one treatment to be able to address all the 

different scenarios and alternative water streams that the treated water will be used for. One of 

the most important managements found throughout the study is having a primary treatment that 

will treat oily water in order to prevent any malfunctions to the machinery due to leftover oil 

residue (Burnett, 2004). Removal of salts through desalination with the process of Reverse 

Osmosis (RO) (Burnett, 2004; Dahm and Guerra, 2014; Adebambo, 2011) was a common 

treatment technology used. Desalination is a well-established technology that is being used for 

other water streams (potable, municipal), and has shown to be a cost-effective treatment.  

Devon Energy, an independent natural oil and gas company located across US and 

Canada was able to implement facilities that treated and transported produced water for re-use 

within their own production in New Mexico (Sawyer, 2016). Due to the company experiencing 

freshwater stress from the lack of surface water in the area, and groundwater competition from 

other corporations and water right holders, Devon Energy required additional water sources to 

support their production. The NMOCD Rule 34 was really a stepping stool that allowed Devon 

Energy and other industries to re-use produced water within their own facilities by allowing 

storage of produced water in double-lined impoundments. This eliminated a long application 

process from industries that was creating a barrier to the re-use of produced water. With this new 

regulation Devon Energy was able to reuse 3.5 million barrels within the Delaware Basin in the 

state (Sawyer, 2016). With new and improved regulations such as Rule 34, industries will be able 

to achieve more with their produced water and broaden the options towards what beneficial uses 

it can be useful for in addition to be used within oil and gas.  
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3. SELECTED CASE STUDIES 

3.1  California usage of produced water- Study Case  

Funston et al, (2002) conducted a pilot study to evaluate the economic and technical 

feasibilities associated with beneficial reuse of produced water for industrial, agricultural 

(irrigation), and drinking water purposes. The study was conducted by Kennedy/Jenks 

Consultants in Placerita Canyon, at the Canyon oil field, near Los Angeles, California. At the 

time, California lacked regulations for produced water reuse as they lacked enforceable drinking 

water quality standards. The study relied on reclamation standards, as well as other state and 

federal regulations. Several contaminants were addressed including TDS, organics, silica, 

ammonia, boron and water hardness. Reverse osmosis was determined to be the preferred 

technology for TDS removal. Silica and water hardness were effectively controlled by 

chemically precipitating these constituents. Adding magnesium chloride to the produced water 

also helped to reduce boron and silica levels. The final cost for treating produced water for 

industrial purposes was estimated at $0.12/bbl. Treatment for agricultural and domestic water use 

was approximately $0.50/bbl.  

3.2  Discharge of treated Produced Water into Wetlands-Study Case 

               Wyoming is one of the few states that allow produced water to be discharged into 

wetlands and used as beneficial purposes for livestock and wildlife. Ramirez (2002) reported that 

produced water was discharged into sixty-six wetland sites. In order to prevent contamination to 

the wetlands there must be efficient separation of oil from the water. This step is important to 

prevent chronic fatalities to wildlife and poor response by plants. The oil separation ponds also 

have to be constructed to prevent migratory birds from landing into the oil pits to prevent 

additional mortality. Ramirez (2002) used a closed containment system that had low cost and 

prevented migratory birds from landing in any oil. The system also prevented oil from 

contaminating the soil.  

The Nimr Water Treatment Project in Oman (Breuer 2011) was installed to treat 

~283,000 bbls/d of produced water. Water is separated from the oil then delivered to a series of 

wetland terraces by gravity. The final stage of the system is used to evaporate the water for salt 

recovery. Additional plans include adding a third project phase which would include biomass 

utilization from the wetland plants. The Nimr system has been shown to be a plausible method of 
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produced water “treatment” especially in arid climate conditions. It should be noted that the 

water being treated was brackish with TDS between 7,000-8,000 ppm.  

3.3 Potential water use for Bakken Oil Formation, North Dakota- Study Case 

In North Dakota, using freshwater from glacial and bedrock aquifer systems for hydraulic 

fracturing was the most common source. However, with increased oil production alongside 

freshwater sources certain environmental and sustainability stresses necessitated the Northern 

Great Plains Water Consortium (NGPWC) alongside the Energy and Environmental Research 

Center (EERC) to find alternatives to current practices. Stepan et al. (2010) were faced with only 

17-47% recovery of the water used for fracturing in less than 10 days and was further hindered 

by TDS levels reaching 220,000 ppm. Because of the low quality and quantity of flow-back 

water it was difficult to provide cost effective strategies to support the treatment of flow-back 

water. Water for hydraulic fracturing in Bakken formation requires large amounts of water 

(10,000 to 60,000 barrels) with the most used in multi-stage fracturing. Furthermore, hydraulic 

fracturing requires that the water used for fracturing have low TDS and be bacteria free.  

The Bakken formation is also different from most in that it contains oil-wet rock with 

little to no free water. Once fractured, the flow-back water has a different chemical composition 

than other formations such as natural gas shales, making it difficult to find suitable treatment 

options (Stepan et al., 2010). In the short term, flow-back from the well contains both oil and 

water with water content decreasing over time.  Typical salinity of the flow-back water was 

100,000 ppm TDS and levels of 200,000 ppm were not unusual. High salinity water such as this 

necessitates alternative treatment such as mechanical vapor recompression after pretreatment for 

scale (Stepan et al., 2010). Water such as found in the Bakken formation is expensive to treat and 

would require high salinity flow-back water recycling technologies that include thermal and 

membrane treatment.   

4. LOGISTICS OF THE DECISION SUPPORT TOOL 

The decision-support tool (DST) consists of four macro-enabled Excel workbook 

modules: Water Quality Module (WQM), Treatment Selection Module (TSM), Beneficial Use 

Screening Module (BSM), and Beneficial Use Economic Module (BEM) (Figure 6). The WQM 

stores various water quality data, such as oil and gas hydraulic flowback and produced water 

quality of different basins and formations. Users can input their water quality data into the 
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template provided by the WQM. In the TSM, the tool selects proper treatment technologies 

based on feed water quality, user preferences, and desired product water quality. The BSM stores 

water quality requirements for different beneficial use purposes, such as potable use, irrigation, 

hydraulic fracturing liquid, livestock watering, and surface discharge. The BEM calculates costs 

based on selected treatment technologies, desired product water flow rate, and economic inputs 

assigned by user, and outputs unit cost in $/gallon and annual cost in $/year for capital cost, 

operation and maintenance cost, energy consumption. 

The DST framework provides a quick analysis and screening of various produced water 

treatment and management options. The Graphic User Interface (GUI) of the DST and model 

inputs are illustrated in Appendix. 

 

FIGURE 6. Schematic diagram describing the DST. 

 

A produced water quality database was obtained from Martha Cather with the New 

Mexico Institute of Mining and Technology, in the form of spreadsheet with well information, 

sampling information, major cations and anions, and bulk water quality parameters. Other water 

quality data sources include oil and gas producers, previous work conducted at New Mexico 

State University, and U.S. Geological Survey (USGS). 
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Quality assurance and quality control (QA/QC) was conducted to exclude data with 

experimental errors, human errors, and from samples that were polluted or improperly 

stored/transported. QA/QC standards were adopted from the method used by the U.S. Geological 

Survey (USGS) National Produced Waters Geochemical Database v2.1 (Provisional). QA/QC 

standards include: (i) concentration of magnesium lower than calcium; (ii) concentration of 

potassium lower than chloride; (iii) concentration of potassium smaller than sodium times five; 

and (iv) pH value between 5 and 10. Exceedance of standards may be caused by extended lag 

time between sampling and analysis, typing error, poor analysis, poor sampling, and/or 

contamination by drilling mud, cement wash, and acid wash (Hitchon et al., 1994). Table 6 

summarizes the number of data sets exceeding standards in Eddy and Lea County produced 

water quality database. Total numbers of data sets after QA/QC are 862 and 2,864 for Eddy and 

Lea Counties, respectively.  

 

TABLE 6. Summary of QA/QC for produced water quality database in Eddy and Lea Counties. 

Standards Eddy County Lea County 

Mg < Ca 126 58 

K < Cl 1 1 

K < 5Na 1 2 

5 < pH < 10 17 1 

 

Average total dissolved solids (TDS) levels for Eddy and Lea Counties are 93,840 and 

87,956 mg/L, respectively. To better understand the salinity levels and more accurately 

determine desalination technologies, TDS levels are classified into five TDS bins, defined as Bin 

1: TDS < 8,000 mg/L; Bin 2: 8,000 – 25,000 mg/L; Bin 3: 25,000 – 40,000 mg/L; Bin 4: 40,000 

– 70,000 mg/L; and Bin 5: TDS > 70,000 mg/L. The classification is based on the treatment 

capacities of different water desalination technologies, such as 25,000 mg/L for brackish water 

reverse osmosis (BWRO), 40,000 mg/L for seawater reverse osmosis (SWRO), 70,000 mg/L for 

forward osmosis (FO). Desalination of feed water in the higher bin have significantly higher 

costs than that in the lower TDS bins.  
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Figure 7 summarizes the number of wells and mean TDS values in each TDS Bin. 

Average TDS is around 90,000 mg/L in both counties, with half of the wells falling in Bin 5 with 

TDS over 70,000 mg/L. Produced water in Eddy County has slightly higher salinity than in Lea 

County, but both are sodium-chloride type of water, as shown in Figure 8. For these hypothetical 

case studies, produced water quality data were classified based on geological formations to more 

accurately determine treatment processes required, and thus evaluated for the potential beneficial 

reuse. 

 

 

 

FIGURE 7. Number of wells and mean TDS levels in each TDS Bin in (a) Eddy and (b) Lea 
Counties. 
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FIGURE 8. Major ions in produced water in Eddy and Lea Counties. 
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TABLE 7. Hydraulic fracturing water quality requirements. 

Hydraulic Fracturing System Cross Link Gel System Slickwater System 

pH 6.0 - 8.0 > 5 

Total Suspended Solids < 0.1 

Microbes Require disinfection 

Hardness (Ca+Mg) < 2,000 mg/L - 

Iron < 20 mg/L - 

Sulfate 200 - 1,000 mg/L - 

Chloride < 40,000 mg/L - 

Bicarbonate < 1,000 mg/L - 

Boron < 10 mg/L - 

Multivalent Ions - < 5,000 mg/L 

TDS - < 40,000 mg/L 

Reducing Agent < 25 mg/L - 

 

Agricultural irrigation water quality requirement is determined to prevent severe 

conditions for plant growth as shown in Table 8. Sources of the requirement are collected from 

previous projects, New Mexico regulations, and in cooperation with New Mexico State 

University Extension Plant Sciences Department (Flynn, 2016; Dahm and Guerra 2011). 
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TABLE 8. Agricultural irrigation water quality requirement in Lea and Eddy County. 

Constituents Crop Irrigation (mg/L) 

Aluminum 5 

Arsenic (III) 0.1 

Arsenic (V) 0.1 

Chromium, total 0.5 

Copper 1 

Fluoride 1.6 

Lead 0.05 

Lithium 15 

Nickel 0.2 

Selenate 0.02 

pH 6 to 9 

TDS 2000 

SAR 6 

Chloride 250 

Sodium 460 

Boron 0.75 

Bicarbonate 518.5 

TSS 100 

Iron 1.5 

Manganese 1.5 

Hydrogen Sulfide 2 

Bacteria 0.002 

Virus 0.0004 

 

Reusing produced water for Pecos River augmentation is another potential beneficial use 

endpoint. Previous studies include a preliminary technical and cost analysis 

for delivery of treated produced water from Indian Basin and Dagger Draw to the Pecos River 

(Hicks, 2003) and a feasibility study on produced water reuse conducted for Water Reclamation 
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Committee of the JPA Lea/Carlsbad Soil and Water Conservation Districts (NRCE, 2004). 

Preliminary effluent limitations of Pecos River augmentations are regulated by U.S. 

Environmental Protection Agency (USEPA). Detailed water quality requirement is listed in 

Table 9. Other potential beneficial use options include potash mining, on-site dust and fire 

control, and thermal power plant cooling. 

 

TABLE 9. Pecos River augmentation water quality requirements. 

Parameter Concentration (mg/L) 

TDS 5000 

Aluminum 0.096 

Mercury 0.0132 

Selenium 0.00333 

Silver 0.0023 

Sulfate 2500 

Chloride 4000 

Copper 0.2 

Cadmium 0.01 

Arsenic 0.1 

R 226 + 228 (pCi/L) 60 

 

4.2 Case Study Assumptions 

Eleven assumptions were made for cost analysis. Electricity price was assumed at $0.119/kWh, 

while labor cost was estimated at $60,000/year, considering the salary level in Lea and Eddy 

County area. Product water flow rate was assumed to be 9,000 bbl/day, according to the 

treatment facility operated by Devon Energy. Price of coagulants and other chemical additives 

were assumed to be $1000/ton, according to market price.  Pumping cost was assumed to be 10% 

of capital cost. Water recovery of desalination processes was assumed to be 50%, as it's a 

reasonable level for highly saline feed water, which led to 9,000 bbl/day waste water (brine) 

production and requires disposal. Liquid waste disposal rate was assumed to be $1/bbl, including 

pumping, transportation, and injection. Solid waste was assumed to be disposed twice a week. 
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Landfill facilities were identified from NMED website. Distances from treatment facilities to 

landfill facilities were estimated using Google Earth. Average truck speed was assumed to be 40 

mph for liquid transport and 50 mph for solid transport. Labor cost for trucking was assumed to 

be $90/hr. Liquid trucking was regulated to not exceeding 120 bbl/load. Overall unit costs 

followed Engineering Class V level conceptual design, with the range at -30% to +50%. The 

costs for produced water collection system were not included in the cost analysis because of lack 

of data and highly variable construction costs.  

4.3 Case Study Results 

4.3.1 Agricultural Irrigation 

The study area for produced water use in agricultural irrigation was determined based on 

geospatial mapping of the Lea and Eddy Counties, with layers of active wells and agricultural 

areas (Figure 9). Water volume and quality data were aggregated at the township scale. A 

number of townships near Hobbs, New Mexico were selected, having both high volumes of 

produced water and lower average TDS. A buffer of 9-miles was created around the mean center 

of all wells located within the selected townships. Produced water in the selected area has an 

average TDS of 39,050 mg/L, with other parameters listed in Table 10. Produced water transport 

distance was set to be 10 miles from mapping information. 

TABLE 10. Major produced water quality parameters in selected irrigation area. 

Water Quality Parameter Produced Water 
Concentration  

Irrigation Requirement 

pH 7.27 6 – 9 

TDS 39,050 (mg/L) 1,500 (mg/L) 

Sodium 27,590 (mg/L) 460 (mg/L) 

Calcium 2,272 (mg/L) - 

Magnesium 1,449 (mg/L) - 

Chloride 23,323 (mg/L) 250 (mg/L) 

Bicarbonate 1,246 (mg/L) 518.5 (mg/L) 

Sulfate 1,482 (mg/L) - 
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Based on the TDS concentration of produced water, seawater reverse osmosis (SWRO) 

was chosen as the desalination technology to recover 50% of the produced water for irrigation 

use. A three-phase separator is required to remove crude oil and gas, followed by settling and 

storage tank. Suspended solids and hardness (calcium and magnesium) need to be removed to 

prevent SWRO membranes fouling and scaling using chemical softening and media filtration. 

The solid waste generated from softening and filtration needs appropriate disposal, and the 

SWRO brine can be disposed through deep well injection. The final treatment train is 1) three-

phase separator, 2) settling and storage tank, 3) chemical softening, 4) media filtration, 5) 

seawater RO, and 5) solid and liquid waste disposal. 

Treatment costs were estimated based on selected technologies, feed and target water 

quality, and product water quantity. Operational cost is $9.59/kgal, capital cost $1.13/kgal 

(assuming 10 years life time), and energy consumption 16.76 kWh/kgal as SWRO is a high 

pressure process. Overall average treatment cost is $12.81/kgal. Considering the cost range of -

30% to +50% for the Engineering Class V Conceptual Design, the unit treatment cost may vary 

from $8.97 /kgal to $19.22/kgal. Total waste disposal cost is $23.85/kgal. Compared with full-

scale municipal seawater desalination costs ($2.5-7.9/kgal) (Xu et al., 2009), the cost of 

produced water treatment is much higher. Reasons include economic scale of treatment facilities 

(small produced water treatment system versus large scale SWRO plant), high salt concentration, 

pre-treatment to remove sparingly soluble salts, water delivery system, and labor cost.  
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FIGURE 9. Location of analysis based on a) volume, b) TDS, and c) proximity to agriculture. 
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4.3.2 On-site Reuse for Hydraulic Fracturing 

Reusing produced water on-site reduces the transport of freshwater and produced water. 

Hydraulic fracturing requires relative lower water quality. Cross-link gel system does not require 

TDS concentration, but limits hardness, while slickwater system requires 40,000 mg/L TDS 

level, but has minimal requirements on other ions.  

Feed water quality for this end use is based on the mean value of produced water quality 

in Lea County for a more general case (Table 11). Produced water TDS concentration is 62,814 

mg/L and production was assumed to be 1.1 bbl/well/day, calculated from the annual produced 

water quantity in Lea County and number of active wells. A cluster of 100 wells was assumed. 

To reuse for hydraulic fracturing, suspended solids, petroleum hydrocarbon, and microbes are 

required to be removed. After three-phase separator and preliminary settling in storage tank, 

produced water will be treated by chemical coagulation/flocculation/settling and media filtration. 

For cross-link gel system, no desalination is required, but the concentrations of Ca and Mg (2788 

mg/L), and concentration of sulfate (1560 mg/L) in produced water do not meet the water quality 

requirement for gel system, 2000 mg/L and 200-1000 mg/L, respectively. Lime needs to be 

added to soften the water and precipitate sulfate as gypsum. Previous studies demonstrated semi-

passive limestone/lime process could reduce sulfate in mine waters to < 1000 mg/L (Bowell, 

2004). But to achieve lower sulfate concentrations, barium salts such as (e.g., BaCO3, Ba(OH)2) 

and lime would be added to the effluent to soften the water and produce a precipitate. CaCO3 is 

necessary to act as a seed to encourage BaSO4 formation from BaCO3 due to the insolubility of 

the latter (Ksp ~ 10-8). The slurry from the reactor is then sent to a thickener where clean water 

can be decanted and reused for hydraulic fracturing. The thickened slurry is then filtered, dried 

and disposed. The solids can also be treated to recycle barium. 

For slickwater system, preliminary settling followed by chemical 

coagulation/flocculation/settling and media filtration may be required to remove suspended 

solids and organic matter. Produced water TDS concentration (62,814 mg/L) is higher than the 

required 40,000 mg/L TDS for slickwater system. Desalination using seawater RO is an 

alternative to reduce the TDS by 37%. Blending the filtered produced water with lower TDS 

water at proper ratio to reach 40,000 mg/L TDS concentration is another lower cost alternative.  

As no desalination process is required, reusing for cross-link gel system hydraulic fracturing and 

for slickwater system using blending have a relatively low cost, with operation cost at 
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$5.13/kgal, capital cost at $1.07/kgal. As no liquid waste is generated, the overall average cost is 

much lower, at $6.33/kgal, with variation of $4.43-$9.50/kgal for Engineering Class V 

Conceptual Design). Reusing for slickwater system hydraulic fracturing with SWRO 

desalination has the treatment cost at $7.07/kgal, in range of $4.95 – $10.61/kgal, Energy 

consumption is 5.99 kWh/kgal and waste disposal cost is $23.84/kgal. Operation and capital 

costs are similar to other options. 

TABLE 11. Major ions in selected study area for Pecos River augmentation. 

Parameters (mg/L) Lea Produced Water Cross Link Gel 
System 

Slickwater System 

pH 7.05 6.0 - 8.0 > 5 

TDS 62,814 - < 40,000 mg/L 

Sodium 18,954 - - 

Barium 0.11 - - 

Iron 1.58 < 20 mg/L - 

Calcium 2140 Ca + Mg < 2,000 
mg/L 

- 

Magnesium 648 - 

Potassium 320 - - 

Strontium 51 - - 

Manganese 0.55 - - 

Chloride 35992 < 40,000 mg/L - 

Carbonate - - - 

Bicarbonate 582 < 1,000 mg/L - 

Sulfate 1560 200 - 1,000 mg/L - 

TSS - < 0.1 

Multivalent Ions - - < 5,000 mg/L 

Currently there is limited understanding on the water quality requirements for hydraulic 

fracturing. It depends on the fracturing method and geological formation. The water quality 

requirements listed in Table 11 are just examples, that illustrates that produced water in Permian 

Basin can be used for hydraulic fracturing with minimal treatment.  



38 
 

4.3.3 Pecos River Augmentation 

The location of this analysis was in central Eddy County west of where the Pecos River 

runs through Carlsbad (Figure 10). Townships were selected based on the average aggregated 

TDS values. Approximately 759 active wells were included in the cluster, with total annual 

produced water production of 17 Mbbls. Produced water transport distance is 4.5 miles, 

according to the mapping. Produced water quality in the selected area is relatively good, with 

TDS of 34,120 mg/L. Major ion concentrations are shown in Table 12. 

Pecos River augmentation requires the effluent TDS less than 5,000 mg/L, for which ED 

is recommended to achieve partial removal. No hardness standard is required, but softening is 

required to avoid scaling of ion exchange membranes. Final treatment train is 1) three-phase 

separator, 2) settling and storage tank; 3) chemical softening/settling, 4) media filter, 5) 

electrodialysis, and 6) waste disposal. The produced water quality data used in this case study is 

lacking detailed information on heavy metals such as mercury and arsenic, as well as information 

on radioactive matters that significantly affect human and animal health. More detailed analysis 

of produced water and treated water is required for further study before discharging treated water 

into the Pecos River. 

Operation cost and energy consumption are $4.68/kgal and 4.48 kWh/kgal, both lower 

than SWRO. Capital cost is $4.89/kgal, relatively higher than others as ED was adopted. Solid 

and liquid waste disposal are required, with the cost at $23.83/kgal. Overall treatment cost is 

$10.62/kgal (ranging from $7.43/kgal to $15.92/kgal). Produced water quantity in the selected 

area is higher than others, leading to higher capital cost but lower unit cost. The good feed water 

quality also contributes to the lower operation cost energy and consumption. 
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TABLE 12. Major ions in selected study area for Pecos River augmentation. 

Parameters Produced Water (mg/L) Recos River Augmentation 
Requirement 

pH 7.37 - 

TDS 34,120 5,000 

Sodium 5,079 - 

Calcium 1,471 - 

Magnesium 472 - 

Chloride 19,398 4,000 

Sulfate 1,652 2,500 

Bicarbonate 1,442 - 
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FIGURE 10. Location of analysis based on a) volume, b) TDS, and c) proximity of Pecos River. 
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4.3.4 Mining  

Potash mining consumes 20% of water usage under industry catalog, primarily used for 

mineral extraction and process, metal recovery, and dust control. Acceptable water quality is 

100,000 mg/L TDS, with limited suspended solids, hydrocarbons, radioactive matters, trace 

metals, and fracturing additives. Based on the study area selected, average TDS level is 145,517 

mg/L (Table 13). At this high level of TDS, very few technologies have the ability to remove 

salts in the water. However, most pre-treatment technologies can apply to all TDS levels, to 

remove the contaminants mentioned above to produce clean brine. To achieve the required TDS 

level, the cleaned brine is blended with freshwater with proper ratio. Produced water transport 

distance is 10 miles according to mapping. 

TABLE 13. Major ions in selected area for mining. 

Parameters Concentration (mg/L) Mining water quality 
requirement 

pH 6.52 - 

TDS 145,571.4 100,000 

Sodium 58,208 - 

Calcium 11,887 - 

Iron 107 - 

Magnesium 2,008 - 

Manganese 2.65 - 

Chloride 93,238 - 

Bicarbonate 420 - 

Sulfate 1,165 - 

 

Treatment processes include 1) three-phase separator, 2) settling and storage tank, 3) 

chemical softening/coagulation/flocculation/sedimentation, 4) media filter, and 5) waste 

disposal. Estimated operation cost is $1.069/kgal, similar to that for cross-link gel system 

hydraulic fracturing, as they have similar treatment processes. Longer transport distance leads to 

a higher operation cost at $9.59/kgal. As no liquid waste was generated, overall treatment cost is 

relatively low, at $10.82/kgal, with the range of $7.57 - $16.23/kgal. 
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FIGURE 11. Location of analysis based on a) volume, b) TDS, and c) proximity to active mines.  
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5. CONCLUSION  

This research provided an overview of four potential beneficial uses of produced water in 

Lea and Eddy Counties. A summary of considerations for irrigation use was provided for four 

commonly grown crops in the region. From a quality standpoint, treatment technologies are 

available to treat the produced water to the desired standards, but may not be economically 

feasible depending on the feed water quality. Some areas of Lea and Eddy Counties appear to 

have large volumes of water that could support agricultural use. Further analysis on conveyance 

costs and optimally locating treatment facilities would need to be performed prior to any specific 

application of produced water. 

This study also used a recently developed decision-support tool (DST) to evaluate 

potential beneficial use of produced water in Permian Basin for four hypothetical scenarios: 

hydraulic fracturing (cross-link gel system and slick water system), agricultural irrigation, Pecos 

River augmentation, and potash mining. Uses of the produced water for hydraulic fracturing is 

the most feasible and economic viable option followed by potash mining, and river 

augmentation. Reusing produced water for agricultural irrigation has the highest cost because 

desalination processes are needed to reduce the salt concentration. 

Due to limited data on produced water quality, the treatment processes selected and cost 

estimates are very preliminary and subject to dramatic change after we gain a better 

understanding on produced water quality through actual field water sampling, analysis, and pilot 

testing of the treatment processes. 

Based on the preliminary economic analysis, all reuse options are beneficial considering 

the expensive disposal cost of produced water ($1/bbl). Table 14 summarizes the results of cost 

and benefit analysis, considering all kinds of costs including raw produced water disposal, 

treatment, and waste stream disposal from treatment. Reusing produced water for hydraulic 

fracturing with cross-link gel system and slickwater system with blending are the most beneficial 

options, saving over $13,000 per day, plus extra saving on buying freshwater, which is 

approximately $2-10/kgal. Reusing for mining costs higher for treatment, but still saves over 

$9,800 per day, plus extra saving on buying water. Other options require desalination process, 

which leads to higher treatment cost and liquid waste disposal. But with extra savings on buying 

water, all potential options are economically beneficial. 
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TABLE 14. Summary on benefit analysis of produced water reuse. 
 Irrigation Cross-link 

Gel 
Slickwater 
w/ SWRO 

Slickwater w/ 
Blending 

Pecos River 
Augmentation 

Mining 

Disposal Cost 
($/day) 

18,000 18,000 18,000 18,000 18,000 18,000 

Liquid Waste 
Disposal ($/day) 

9,000 - 9,000 - 9,000 - 

Unit Treatment 
Cost ($/kgal) 

12.81 6.33 7.07 6.33 10.62 10.82 

Unit Treatment 
Cost ($/bbl) 

0.538 0.266 0.297 0.266 0.446 0.454 

Treatment Cost 
($/day) 

4,842 4,787 2,672 4,785 4,014 8,180 

Product Flow Rate 
(bbl/day) 

9,000 18,000 9,000 18,000 9,000 18,000 

Marginal benefits 
($/day) 

4,158 13,213 6,327 13,215 4,986 9,820 

Additional benefits With 
additional 
agricultura

l benefit  

With extra 
save on 
buying 

freshwater 

With extra 
save on 
buying 

freshwater 

With extra 
save on 
buying 

freshwater 

Makes up 
water 

withdrawal 

With extra 
save on 
buying 

freshwater 
 

 

In addition to technical viability and economic feasibility, beneficial use of produced 

water needs to consider environmental impact and public acceptance to utilize produced water. 

Some water users may be concerned about water quality and liability issues related to produced 

water. With the continuous drought, depletion of groundwater supplies, and technology advances 

in particular for highly saline water treatment, beneficial use of produced water will become 

more attractive to protect local fresh water resources.  Other factors to consider for evaluation the 

beneficial use potential should include water demand, reliability, quality, price, value, and how 

those factors compare with alternative water supplies in the region. 

The analysis suggests that produced water does have the potential for reuse. Treatment 

for produced water will vary depending on the ultimate desired quality of the final product of 

water. Cost and treatment technologies increase in value when the produced water is intended for 

demanding quality parameters such as in agriculture, as it not only follows specific water quality 

levels but also requires to meet human and environmental health concerns. It is less demanding if 

it is to be re-used within the industry, and shows to be the most beneficial location for re-use. 
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Although it might seem unreasonable and highly expensive to treat produced water to such high 

quality of water, the market for this new water stream can be a potential benefit in the future for 

the producers and end users.  As treated produced water becomes a new source of water stream, 

the costs for treatment can fluctuate and become more competitive as more technologies are 

being developed and implemented. With treatment technologies advancing and giving the 

industries the capability to reach high levels of water quality; the question has really changed 

from ‘how can we clean this water’ to ‘what level of treatment would you like to apply to this 

water?’ The treatment technologies have continuously advanced that the restrictions are no 

longer in the treatment process but rather in the absence of directional jurisdictions that are 

essential in moving forward with these promising plans. It has also shown to be a much larger 

recycled source of water stream than the available freshwater resources in the region (Sullivan 

Graham et al., 2015). With direct organization and management from state and federal agencies 

we can advance in the possibilities of implementing a helpful layout for farmers/ranchers to work 

closely with oil and gas industries for future usage of produced water. Literature reviews have 

been done in regards to re-using in produced water, however, future pilot studies done in 

Southeast New Mexico, implementing produced water through different treatment technologies 

for alternative uses can help mitigate some changes in regulations that are currently restraining 

future usage.    
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Appendix. Graphic User Interface (GUI) of Decision Support Tool (DST) 

 

 

a) Graphic user input (GUI) interface 
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b) Feed water quality input interface 

 

 

c) User weighting interface 
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d) User preference interface 

 

 

e) Economic inputs interface 

 

f) DST output interface 
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