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DISCLAIMER 

The purpose of the New Mexico Water Resources Research Institute (NM 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 NM WRRI promotes the free exchange of 

information and ideas and hopes to stimulate thoughtful discussions and actions that may lead to 

resolution of water problems. The NM WRRI, through peer review of draft reports, attempts to 

substantiate the accuracy of information contained within its reports, but the views expressed are 

those of the authors and do not necessarily reflect those of the NM WRRI or its reviewers. Contents 

of this publication do not necessarily reflect the views and policies of the New Mexico 

Environment Department, nor does the mention of trade names or commercial products constitute 

their endorsement by the United States government.  
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Introduction 

Persistent drought, increasing population, and increasing water demands in Eddy and Lea 

Counties New Mexico has raised the need for further scrutiny of unconventional alternative 

water sources to augment the water supply. Oil and gas production has also increased in 

Southeast New Mexico over the past decade leading to large volumes of produced water that is 

co-produced during oil and gas extraction. An estimation of over 100,000 acre-feet (acre-ft) of 

produced water is annually drawn out of oil and gas wells in Eddy and Lea Counties and is most 

often trucked or piped to be disposed of in salt-water injection wells. The water quality is such 

that until recently, produced water was only thought of as a waste product. Advances in 

treatment technologies and water shortages are changing the consideration of produced water as 

an alternative water source, however, decision-makers and stakeholders need better geographic 

information on the volume and quality of produced water in Eddy and Lea County.  

Geographic information plays a key role in assessing produced water volume and quality 

by illustrating the spatial patterns, concentrations, and location of produced water. Access to 

Geographic Information System (GIS) produced water data is limited. Oil and gas producers are 

not required to report produced water quality data, thus any reporting is voluntary and not 

standardized. In New Mexico, previous work provided an online GIS database with produced 

water data for use by the oil and gas industry (Cather et al., 2005). The entire database and web-

mapping application was taken offline in 2013 due to internet security concerns (Cather, 2016). 

While the GO-TECH website has since been restored with access to tabular oil and gas 

production data, the GIS portion of the resource is retired. The United States Geological Survey 

(USGS) maintains a national produced water database which is accessible as a web-mapping 

application (Blondes et al, 2016), but this resource lacks data coverage for some of the new oil 

and gas wells in Southeast New Mexico. The New Mexico Oil Conservation Division (NM 

OCD) hosts a web-mapping application with information on active oil and gas wells in New 

Mexico and data accessible through a file transfer protocol (FTP)  site which is updated monthly 

with oil and gas production by well (NM OCD, 2016). The OCD application is not optimized to 

display or explore produced water volume or produced quality data. This report address the need 

for produced water GIS data by describing the development of three produced water web-

http://octane.nmt.edu/gotech/Main.aspx
http://eerscmap.usgs.gov/pwapp/
http://nm-emnrd.maps.arcgis.com/apps/webappviewer/index.html?id=4a821bdf94c448e68b86a77d0750e7cc
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mapping applications that provide users interactive access to produced water volume and quality 

data, as well as the ability to look at some potential options for produced water reuse.  

Methods 

Study Area 

The study area of this project is Eddy and Lea Counties, with an area of approximately 

12,150 mi2, in Southeast New Mexico (Figure 1; central geographic coordinates 32.539°N, 

103.723° W). The region is typical of a semi-arid climate, receiving less precipitation than the 

potential evapotranspiration and natural vegetation dominated by short woody scrub. The 2010 

U.S. Census estimated the populations of Eddy County to be 53,829 and Lea County to be 

64,727 (U.S. Census Bureau, 2010). Both counties economies are heavily reliant on oil and gas 

production, agriculture, livestock, and mining. The total number of oil and gas wells in Eddy and 

Lea Counties as of January 2016 were 16,049 and 15,532, respectively (NM OCD, 2016). 

 
Figure 1. Study area location 
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Data Processing 

Data for the web-mapping applications were obtained from several sources. These data 

were processed and aggregated to provide intuitive information when displayed on the web-

mapping applications. A shapefile with the locations of all oil, gas, and injection wells was 

downloaded from NM OCD.  

Produced Water Volume Data 

The NM OCD provided produced water volume data. These data came as three .xml files 

with monthly data dating back to 2004 for all oil and gas wells in New Mexico. Individual well 

data were identified by their unique American Petroleum Institute (API) number. Produced water 

volume data were filtered first by wells in Eddy and Lea Counties, then by wells that reported 

water being produced rather than injected. The monthly data were then summarized to annual 

produced water volume by well for each year between 2004 and 2015. The tabular data were 

joined to a shapefile by the unique API number and exported to a geodatabase. The units of the 

data come in barrels (bbls), the oil and gas industry standard for measuring volume. Many 

stakeholders measure water volume in acre-ft. Additional fields were created to convert bbls to 

acre-ft for each year using the conversion of 1 acre-ft equal to approximately 7,758.4 bbls. 

The large number of wells in Eddy and Lea Counties make it difficult to visualize trends 

in the data. Two processes were used to address this issue. First, data were aggregated by Public 

Land Survey System (PLSS) 6-mile-squre townships. A time-enabled feature was created for use 

with a time slider to show changes in produced water volume over time by township. A second 

process identified hot-spots of produced water volume using the Hot-Spot Analysis tool in 

ArcMap 10.3. The statistical tool assumed a null hypothesis that produced water volumes at 

unique wells were randomly distributed throughout Eddy and Lea Counties. The alternative 

hypothesis as produced water volumes at unique wells exhibit spatial clustering. A surface was 

interpolated from the Z-scores, based on the standard deviations from the mean, of the hot spot 

analysis to display areas where there is a high concentration of wells with high volumes of 

produced water. 
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Produced Water Quality Data  

Produced water quality data were provided by the Petroleum Recovery Research Center 

at New Mexico Institute of Mining Technology in a Microsoft Access database. The dataset 

included all available produced water quality samples in New Mexico. These data included 

measurements of several water quality parameters from oil and gas wells, each well identified by 

the 10-digit API unique identification number. Tabular data were joined to an oil and gas well 

shapefile by the API number and exported as a feature class into an ArcMap geodatabase. The 

entire dataset was processed into point data, however, the subsequent aggregation of point data 

was only performed on a subset of data within Eddy and Lea Counties. Eight of the produced 

water quality parameters (bicarbonate, calcium, chloride, magnesium, sodium, pH, sulfate, and 

TDS) with the largest number of samples were aggregated by PLSS 6-mile townships. Available 

data did not support time-series analysis. 

Ancillary Data 

Three additional datasets were used for the web-mapping applications. Agricultural areas 

for Lea and Eddy Counties were based on the 2014 U.S. Department of Agriculture Cropland 

Data Layer (USDA, 2014). The cropland data come as a classified raster. The original classified 

raster was reclassified into five classes; agriculture, development, fallow/idle cropland, 

grassland/pasture, and shrubland. The reclassified raster was converted into grouped polygons of 

similar classes. Point centroids were derived from the grouped polygons. The agricultural points 

were isolated and compared to high spatial resolution imagery from 2014 for accuracy. 

Misclassified points were deleted. The agricultural point feature class created from the reduction 

is not exhaustive, but does eliminate several areas where dense vegetation had grown near 

arroyos and other misclassified areas. This visual assessment of the agricultural data was 

necessary to ensure that analyses looking for minimum distances to agricultural areas were not 

selection incorrect locations. Tabular injection well data for produced water disposal and 

locations of active mines were obtained from NM OCD and NM EMNRD, respectively, and 

exported as a feature classes into a geodatabase. 
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Web-mapping applications 

Web-mapping applications interface with spatial data and facilitate data accessibility. The 

web-mapping applications use data published as REST services to the NM WRRI web-GIS 

server. REST services are available for consumption by ArcGIS online web-maps or can be 

downloaded an import into Google Maps as a .kmz file. The actual web-mapping application is 

included as an option with ArcGIS Online, customizable using WebAppBuilder. Widgets were 

incorporated into the three applications to allow stakeholders and decision-makers the capability 

to explore the data in more detail. The incident widget on the produced water volume and quality 

application lets users define a point or polygon, set a buffer distance, and retrieve summaries for 

produced water volume and quality within the defined buffer area. The nearest potential endpoint 

tool lets users set a point and buffer distance, and then determine where the closest users or 

endpoints for produced water are located.  

Results and Discussion 

Processed data were made publicly available through three online web-mapping 

applications. The three applications all include the capability to turn layers on/off, view a 

dynamic legend, search for individual wells by API, measure distances and areas, zoom in/out, 

download .csv files, switch base-maps, and apply basic geoprocessing tools.  

Produced water volume data is available by clicking on a specific well (Figure 2). A pop-

up window displays volume data by year, links to the NM OCD files for each specific well, and a 

small graph illustrating changes in volumes over time. Volume data units are displayed in the 

legend in both bbls and acre-ft. When turned on in the layer list, the time-enabled data layer will 

play an animation of the changes in produced water at the township scale between 2004 and 

2015.  

https://nmwrri.nmsu.edu/?page_id=5117
https://nmwrri.nmsu.edu/?page_id=5117
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Figure 2. Produced water web-mapping application interface 

 

The produced water quality web-mapping application provides several options for 

examining produced water quality data in Eddy and Lea Counties. Produced water quality data 

from the PRRC produced water display values of seven produced water constituents in mg/L 

(Figure 3). Data are available for download as .csv files. The service also displays predictive 

surfaces from a concurrent portion of the produced water project (Chaudhary et al., 2016).  

 
Figure 3. Produced water quality web-mapping application interface 
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Locating places that could benefit from utilizing treated produced water is one of the first 

steps stakeholders and decision-makers would need to take in planning for potential beneficial 

use of produced water. The ‘Potential Uses’ web-map application (Figure 4) is useful for 

decision-makers and stakeholders to select a location and view the closest potential endpoints for 

produced water within a defined buffer. Users can access additional information about disposal 

wells and mining operations. Estimated centroids for agricultural areas illustrate where there may 

be a concentration of agricultural areas that could use produced water. The application measures 

distance using Euclidean distance and would be improved if Manhattan distance was an option.  

 
Figure 4. Produced water potential uses web-mapping application interface 

Conclusion 

Produced water volume and quality data were processed and made available through 

three web-mapping applications, helping fill the need for produced water GIS data. These 

applications can now be used by decision-makers and stakeholder to interact with the data and 

answer questions about the availability of produced water and what the expected produced water 

quality might be. Further work needs to address separating out oil and gas production wells that 

are using water flooding, such as some of the wells near Hobbs, New Mexico, where the actual 

produced water volume may be exaggerated. More water quality data would also improve the 

mapping efforts. Some of the water quality samples in the produced water database date back to 
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the 1930s. A logical next step for using spatial data for decision making would be to integrate 

GIS and a decision-support tool.  

Data Disclaimer 

The New Mexico Water Resource Research Institute and affiliated institutions make no 
warranties, express or implied, as to the use of the information obtained from these data 
products. All information included with this product is provided without warranty or any 
representation of accuracy and timeliness of completeness. Users should be aware that changes 
may have occurred since this data set was collected and that some parts of these data may no 
longer represent actual conditions. This information may be updated without notification. Users 
should not use these data for critical applications without a full awareness of its limitations. This 
product is for informational purposes only and may not be suitable for legal, engineering, or 
surveying purposes. The New Mexico Water Resource Research Institute and affiliated 
institutions shall not be liable for any activity involving these data, installation, fitness of the data 
for a particular purpose, its use, or analyses results. 
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