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Abstract

Production of oil and gas reserves in the New Mexico Four Corners Region results in large
volumes of “produced water”. The common method for handling the produced water from well
production is re-injection in regulatory permitted salt water disposal wells. This is expensive (~
$5/bbl.) and does not recycle water, an ever increasingly valuable commodity.

Previously, Sandia National Laboratories and several NM small business tested pressure driven
membrane-filtration techniques to remove the high TDS (total dissolved solids) from a Four
Corners Coal Bed Methane produced water. Treatment effectiveness was less than optimal due
to problems with pre-treatment. Inadequate pre-treatment allowed hydrocarbons, wax and
biological growth to foul the membranes. Recently, an innovative pre-treatment scheme using
ozone and hydrogen peroxide was pilot tested. Results showed complete removal of
hydrocarbons and the majority of organic constituents from a gas well production water.
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INTRODUCTION

In 2007, Sandia National Laboratories partnered with ConocoPhillips (CP), Biosphere
Environmental (BEST), New Mexico State University (NMSU) and the US Department of
Agriculture (USDA) to conduct pilot studies at a coal bed natural gas (CBNG) well site in the
Four Corners Region. The project objective was to evaluate the efficiency of ultrafiltration (UF)
and reverse osmosis (RO) membrane technologies at removing the high salt content present in
the produced water. Several pre-treatment techniques were used to remove the organic materials
prior to salt removal. Pre-treatment included the use of cyclone filters, settling tanks, granular
carbon and granular zeolites. During this 2007 pilot study, the performance of the membranes
was sub-optimal due to problems with the pre-treatment. Failure to remove dissolved and free
hydrocarbons, bacteria, and paraffin wax (all of which are often present in Four Corners region
gas and oil wells) resulted in pre-mature fouling/plugging of the membranes.

Generally, the primary concern in produced water treatment is the level of total dissolved solids
(TDS) which varies by well. The TDS is composed of dissolved matter in the water such as
salts, organic material, and minerals. Technology to remove the salts (desalination of sea and
brackish water) is well understood and documented; however, high salinity waters containing
hydrocarbons and other organic material are not as well understood primarily because of
inadequate testing of pretreatment schemes to remove the organics. Often times a sequence of
treatment technologies known as a “treatment train” is required to efficiently remove the TDS to
acceptable levels.

Background

A 2009 Argonne National Laboratory study estimated that 56 million barrels of water are
produced onshore every day, but this study may underestimate the current total volume because
it is based on limited, and in some cases, incomplete data generated by the states. Producers of
oil and gas can choose from a number of practices to manage and treat produced water, but
underground injection is the predominant practice because it requires little or no treatment and is
often the least costly option. According to federal estimates, more than 90 percent of produced
water is managed by injecting it into wells that are designated to receive produced water. [1]

There is an inextricable link between water and energy production; consequently, considering
that fresh water is becoming more scarce every year, efforts towards recycling or re-use of
produced water are growing. In fact, just this past year - effective March 31, 2015, the New
Mexico Oil Conservation Division (OCD) adopted a new rule that allows the oil and gas industry
to store and use recycled water in oil and gas production. [4] The ruling is designed not only to
save fresh water but to save the industry dollars normally spent on the transportation of produced
water to disposal wells. This change in the regulatory environment provides the opportunity to
find an alternative to disposal for water previously considered a waste byproduct; however, the
water must be cleaned prior to re-use. This introduces an increased need to understand produced
water and what is required to meet the water quality criteria.






TREATMENT PROCESSES FOR PRODUCED WATER
Generally the water quality and volume from any given gas or oil well varies widely based on
three factors:

1. hydrocarbon being produced;
2. geography; and
3. production method.

In New Mexico the water quality varies primarily dependent on which formation is being tapped.
The water treated during this pilot project was produced from a gas well located near Counselors,
NM. The well identified as #1 Gallo Canyon (API #30-039-23391) is within the San Juan Basin,
the most productive coalbed methane basin in North America covering an area of about 7,500
square miles across the Colorado/New Mexico line. [3] Figure 1 shows the well identification
data.
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Figurel. 1GalloCanyonAP#30-039-23391).

Water treatment processes that have been commercially used in the past by the oil and gas
industry focused mainly on the removal of oils and greases, scale control, and suspended solids
and brine volume reduction using evaporation impoundments. [5] As higher value beneficial use
options such as irrigation, livestock watering, groundwater recharge and habitat restoration grow,
treatment objectives will require processes that have even greater capability to remove
contaminants.

Colorado School of Mines completed a comprehensive technical assessment of produced water
treatment technologies in 2009. [2] A total of 54 technologies were reviewed and assessed using
the following criteria shown in Table 1.



