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OIL PRODUCTION IN NEW MEXICO

• Long production history

• Production has doubled in the last five years

• >40k Wells in the Permian Basin, NM produce 95% of 

state’s oil. Includes Lea, Eddy, and Chaves counties

>500k bbl

oil/day



PRODUCED WATER

Kondash, A. J., Lauer, N. E., & Vengosh, A. (2018). The intensification of the water footprint of 

hydraulic fracturing. Science advances, 4(8), eaar5982.

• Wells in the Permian Basin, NM produce 
94% of state’s produced water

• Water-to-oil ratio (WOR) is largest in the 
country ~ 5:1

> 2 million 
barrels produced 
water/day



Lea County is dependent 

upon groundwater 

(99.96%) for all uses

GROUNDWATER VULNERABILITY

Why?

• Produced chemistry

• Total dissolved solids (TDS) 

• ~100k ppm

• Storage Requirements

• Separation process

• Prior to disposal

• Recycling, treatment and reuse

• Storage Types

• Tanks and pits

• Head vs. volume

• Siting and design regulations

Image source (clockwise from top): TDS Map, derived from Cather et. al, 2016; Produced water pit: https://www.flickr.com/photos/katsrcool/6969282139/; tank battery:

https://www.videoblocks.com/video/oil-well-large-storage-tank-battery-engkcx9; tank battery: http://www.castagra.com/wp-content/uploads/2013/11/fracking-2.jpg

https://www.flickr.com/photos/katsrcool/6969282139/
https://www.videoblocks.com/video/oil-well-large-storage-tank-battery-engkcx9


SPILLS

Occurrence and Volume of Spills Spill Sources and Causes

Occurrence 
& Volume

Source Cause

Data Sources: NM OCD Spills Database, 2018



RESEARCH QUESTION
What factors influence the likelihood of spill occurrence? In which locations 

is groundwater most vulnerable to contamination as a result of long-term 

releases from storage?

Why?

• Future production trends

• Existing storage locations, design, age, etc.

• Regulatory response

• Prioritization of on-site assessments of releases

Proof-of-Concept and Preliminary Analysis



METHODS

Risk = probability * vulnerability

Probability ~ Count Model Regression

Vulnerability ~ GIS-based DRASTIC methodology (Aller, 1985)



COUNT MODEL DATA SOURCES

• Monthly data 2006-2018 (NM OCD, 2018)

• Number and volume of releases 

• Active Production Wells 

• Produced Oil (bbl), Gas (MCF), Produced Water (bbl)

• Active SWDs Volume Injected (bbl)

• Retail Gasoline Price (USD) (EIA, 2018)

• U.S. All Grades All Formulations

Image Credits (clockwise from top): Leaking tank: 

http://www.globalpropertysystems.com/wp-

content/uploads/2016/01/leakingTank.gif; Disposal well: EJ Sullivan 

Graham, 2016; Trucks: http://eaglefordtexas.com/wp-

content/uploads/sites/9/2016/04/oil-and-gas-trucks-in-Montney-

Canada.jpg 

http://www.globalpropertysystems.com/wp-content/uploads/2016/01/leakingTank.gif


COUNT MODEL FORMULATION
𝑦𝑖: 𝑐𝑜𝑢𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒
𝑦𝑖 ∈ 0,1,2, …

We want to model 𝑦𝑖 using 𝑋𝑖
We start with a Poisson distribution:

𝑃 𝑦𝑖 = 𝑦 𝜆𝑖 =
𝑒−𝜆𝑖 . 𝜆𝑖

𝑦!
𝑓𝑜𝑟 𝑦 ∈ 0,1,2, …

𝜆𝑖 = 𝐸 𝑦𝑖 𝑋𝑖 ≥ 0
𝜆𝑖 is a function of 𝑋𝑖 .

𝜆𝑖 = 𝑃 𝑦𝑖 = 𝑦 𝑋𝑖 = ℎ 𝑋𝑖 = 𝐻 𝑋𝑖
′𝛽 ≥ 0

Usually, 

𝜆𝑖 = 𝑃 𝑦𝑖 = 𝑦 𝑋𝑖 = 𝑒𝑋𝑖
′𝛽 ≥ 0

𝑃 𝑦𝑖 = 𝑦 𝑋𝑖 =
𝑒−𝜆𝑖 . 𝜆𝑖

𝑦!

𝜆𝑖 = 𝑒𝑋𝑖
′𝛽



COUNT MODEL - RESULTS



DRASTIC INDEX

Depth to Groundwater

Recharge

Aquifer media

Soil media

Topography

Impact of vadose Zone

Hydraulic Conductivity

DRASTIC Index = DrDw+ RrRw+ ArAw+ SrSw+ TrTw+ IrIw+ CrCw

Rating (r): 1-10 where increasing values represent vulnerability

Weight (w): 1-5 where increasing values represent importance



DRASTIC 
DATA SOURCES

Recharge
(PRISM, 2018 

& USGS

Depth to 

Water
(NMOSE, 2018)

Aquifer 

Media
(USGS, 2004)

Soil 

Media
(USDA, 2018)

Topography

(NM RGIS, 

2018)

Impact of 

Vadose 

Zone
(USDA, 2018)

Hydraulic 

Conductivity

(USGS, 2018)

• Multiple scales 

• Various formats (rasters, 

points, shapefiles)

• Aggregated to TR (36 mi2)



DRASTIC - RESULTS

• Parametric Sensitivity

• Spatial trends

• Data availability

• Uncertainty

Parameter ratings (raw) vs. weighted index values



RISK ESTIMATION

Vulnerability and DRASTIC parameters

Probability

• Oil production 2006-2017

• Relational

• Relative to average value

Additional Parameters

• Disposal wells

• Well age

• Temporal trends



SPILL DATA AVAILABILITY AND TRENDS

Reporting Requirements

What has been reported?

GROUNDWATER IMPACTS





EMERGING TRENDS IN 
WATER MANAGEMENT
• Conventional Methods:

• Trucking

• SWD disposal

• Secondary recovery

• Conveyance

• Treatment and reuse

• NMAC 19.15.34 “Part 34”

• Siting and design requirements

• 28 facilities state wide (14 in DI&II)

• >10Mbbls recycled

Credits: https://oilvoice.com/Press/23941/Arthur-D-Little-Analysis-Finds-Collaboration-is-

Central-to-Unlocking-Enormous-Oil-and-Gas-Potential-of-US-Permian-Basin; 

https://www.daily-times.com/story/money/industries/oil-gas/2018/10/28/oil-and-gas-

adapts-drought-extraction-grows-permian/1606290002/; https://www.law360.com

https://oilvoice.com/Press/23941/Arthur-D-Little-Analysis-Finds-Collaboration-is-Central-to-Unlocking-Enormous-Oil-and-Gas-Potential-of-US-Permian-Basin
https://www.daily-times.com/story/money/industries/oil-gas/2018/10/28/oil-and-gas-adapts-drought-extraction-grows-permian/1606290002/


FUTURE WORK

• Model validation 

• Data challenges

• Additional and confounding factors

• Water storage locations and temporal trends

• Expanded research area
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THANK YOU!

Katie Zemlick

czemlick@unm.edu

Image credit:  
EJ Sullivan Graham


