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Frank W. Yates Jr. graduated from Artesia High
School and received a B.S. degree in mechanical
engineering from New Mexico State University in
1979. Following graduation, he worked for Lowry,
Sorensen, Willcoxson Engineers, Inc. in Phoenix,
AZ. He is a Registered Professional Engineer in
Arizona and New Mexico. Frank returned to Artesia
in 1984 to work for the Yates companies and is
currently President of MYCO Industries and
Executive Vice President of Yates Petroleum
Corporation. He is past Director of the First
National Bank of Artesia and is a board member of
the Independent Petroleum Association of New
Mexico, a member of the Independent Petroleum
Association of America, Southeast New Mexico
Playa Lake Committee, New Mexico Oil and Gas
Association, People for the West and the Aircraft
Owners and Pilots Association. Frank currently
serves on the Board of Directors for Mountain
States Legal Foundation and is a member of the
First United Methodist Church in Artesia. In his
spare time, Frank enjoys flying, snow skiing, water
skiing, bicycling, hiking, camping, golfing, and
bowling. Frank is married to Mary and has three
children, Tyson, Tao, and Tevis.

INDUSTRY AND WATER: OIL AND NATURAL GAS INDUSTRY

TURNING LEMONS INTO LEMON DROPS
Produced water treatment for the onshore oil and gas industry

Frank W. Yates Jr. P.E.
Yates Petroleum Corporation

105 South Fourth St.
Artesia, NM 88210

Yates Petroleum Corporation (YPC) has been
looking for treatment alternatives for several years in
an effort to find economically competitive alternatives
to down-hole disposal. Several factors must be taken
into account in order to effectively pursue these
potential options. Economics, available technologies,
new technologies, legal, regulatory and environmental
concerns, and internal company and industry politics
have had an influence on progress made in this arena.

Economics
Down-hole disposal has been the longtime

acceptable method of dealing with wastewater
associated with oil and natural gas production.
Reinjection of produced water is expensive and can
represent 50 percent of the direct operating costs of
many oil and gas wells. In order to do comparative
economics between down-hole disposal and treatment,
we must first get our arms around what our down-
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hole disposal costs are. This may prove more difficult
than one might think because of how the various costs
of disposal are accounted for by different companies.

There are three components to reinjection costs
that must be quantified: capital expenditures, direct
operating costs, and gathering costs.

Initial capital expenditures are associated with
drilling a disposal well, or more commonly, converting
an existing dry hole to a disposal well that can be
considerably less expensive. Costs vary considerably
across the country. In Southeast New Mexico, a 7,000
ft Delaware dry hole can be converted to a disposal

well for about $600,000. It
may be capable to inject
as much as 6,000 bbls/day
into a well like this. This
scenario calculates to
$100/bbl/day of capacity, a
ratio used for comparative
economics. Another
example in Southeast
New Mexico is a
Devonian disposal well in
the Dagger Draw field. A
typical dry hole is

deepened from about 8,300 ft to about 11,000 ft and
prepped for injection for about $1.4M. These wells
can typically accommodate injection rates of 25,000
bbls/day initially. This equates to only $56/bbl/day of
capacity.

Conversely, in Wyoming, the subsurface strata
available for injection are very low in porosity and
permeability. It can cost $4M to drill a disposal well
that will only take 4,000 bbls/day. Now you’re up to
$1,000/bbl/day of capacity.

Direct operating costs for a disposal well include
costs for electricity for pump operations, filters, and
chemical treatments for well bore protection. These
costs can add up to between $.03 and $.07/bbl for
some areas, more in others.

The third component of cost is gathering or getting
the produced water from the production facility to the
disposal facility. This is accomplished by either pipeline
gathering or trucking depending on the daily volumes
of water to be transported. These costs can range from
a few cents per barrel to move larger volumes through
pipelines to several dollars per barrel to truck smaller
volumes of water not considered to be economical to
lay gathering lines to.

All of these components of costs need to be
considered when doing a cost analysis of a company’s
produced water disposal costs. Once capital costs are
amortized and gathering considered, total disposal costs
can vary widely from about $.12/bbl in Souteast New
Mexico to over $5.00/bbl in the Green River or Wind
River Basins in Wyoming. Disposal in other parts of
the country could cost even more.

Water volumes can vary widely from region to
region and can have a huge impact on economics of
disposal options. The New Mexico Oil Conservation
Division (OCD) reports that produced water was
estimated to be 653 million barrels in 2005. This includes
water from East Indian basin where one well can
produce 3,000 bbls/day of water, but only costs about
$.17/bbl for disposal. This low disposal cost is a result
of the tremendous investment in disposal infrastructure
made by operators to accommodate the larger volumes
of water produced per well in this region. Operators in
this area are fortunate to have a highly porous and
permeable Devonian formation to dispose into at
approximately 11,000 ft depth level.

MYCO Industries Inc. operates five wells east of
Carlsbad that only produce a total of about 120 bbl/
day of water. With no disposal gathering infrastructure
available, disposal costs for these wells are $2.70/bbl.
This price is a combination of hourly trucking rates to
haul produced water to a commercial site and a disposal
fee of $0.50/barrel. Also, keep in mind that the costs
for converting a dry hole are not going to change just
because there is less water available for disposal.
Using the $600,000 example above to dispose of only
120 bbl of water/day drives your capital expenditures
up to $5,000/bbl/day of capacity.

Technical and Logistical Hurdles
Wyoming and New Mexico produce similar

quantities of water, but volumes vary widely from
region to region. For example, produced water volume
from coal bed methane (CBM) production in the
Powder River Basin (PRB) is about 1.5 million barrels
per day from about 15,000 wells, or an average of 100
bbls/day/well. The gas production from the area is about
900 mmcfd. This means that for each mcf of gas
produced, there is also 1 2/3 bbl of water produced.
Conversely, in the Green River Basin (GRB) in
Southwest Wyoming there is only an average of about
1/10th of a bbl of water produced per mcf of gas. The
fact that there is 16+ times as much water produced in
the PRB as in the GRB has been the source of a great

There are three
components to

reinjection costs
that must be

quantified: capital
expenditures, direct
operating costs, and

gathering costs.
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deal of controversy with respect to producing gas from
the PRB.

Produced water quality will present technological
hurdles. Produced water qualities vary as widely as
quantity from area to area and have a tremendous impact
on treatment options that may be available. The
following Table is a brief summary of typical produced
waters encountered in the oilfield demonstrating these
various challenges.

Treatment Technologies
Five years ago, YPC knew zero, zip, nada about

water treatment technologies. After considerable time
and money, we’ve come up that learning curve. There
is still a lot to learn and a ways to go before we are
treating meaningful volumes of water, but we believe
that we are at the forefront of New Mexico producers
who see the value to the state, our industry, and our
company in pursuing produced water treatment options.

Four different types of technical solutions have
evolved in the oil and gas “produced water” treatment
arena: membranes, evaporative technologies, ion
exchange, and thermal compression.

Thermal compression requires expensive pressure
vessels, and the operator must still dispose of a
concentrate stream. It does not appear to be as
economic as other technologies.

It appears the key to any membrane technology will
be pretreatment. Conventional R/O membranes are
easily fouled by bacteria, hydrocarbons, heavy metals,
and other suspended solids such as calcium sulfates.
Ozone pretreatment, for example, can be effective
against bacteria, marginally effective against

All units Pecos Disposal Well 1 Well 2 Well 3 Well4 Well 5
Mg/l River well

State NM NM NM WY WY NM NM
Bicarbonates 127 705 488 3,318 1,680 39 464
Hardness
(CaCO3) n/a n/a 11,000 n/a n/a 88,000 15,000
Arsenic .082 .078 n/a n/a .036 n/a n/a
Calcium 620 582 3,600 404 70 30,000 5,200
Chlorides 2,020 3,100 48,000 n/a 9,360 182,000 80,000
Sodium 1,064 2,010 27,261 444 6,250 78,398 45,591
Sulfates 2,040 1,160 1,800 212 4 600 400
TDS 6,350 8,070 81,629 5,977 15,700 294,167 132,135

Table 1. Variation of water quality from produced water

hydrocarbons and heavy metals, but does almost
nothing to reduce suspended solids. New technologies
such as hydrocarbon resistant micro- or ultra-filtration
membranes, operating at low pressures, may offer
cost effective solutions to pretreatment for R/O.

Ion exchange treatment techniques have become
the application of choice in the Powder River Basin
where water qualities are fairly good with the
exception of elevated sodium levels.

Evaporative technologies have evolved from
simple misters dependent on ambient conditions to
more sophisticated systems that recover much of the
latent heat of vaporization. Altela Inc., an Albuquerque
based company, is developing such a product. Their
treatment tower promises to be effective at
economically treating water up to 100,000 TDS.
There are no metal parts so corrosion problems are
practically eliminated. If waste heat is available from
flash gas or a compressor, then direct operating costs
go to nearly zero. An operator can produce as much
as four pounds of water from 1,000 btus of heat input,
or four times as much as simple boiling.

We’re currently working with three proprietary
variations of these technologies that appear to have
promise for specific applications. We have plans to
apply a membrane technology and an ion exchange
technology. We currently have an operating pilot using
Altela’s technology to treat a few barrels per day of
about 40,000 TDS produced water. There are a host
of treatment companies in the marketplace
experimenting with and building pilots that incorporate
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variations of these technologies. The key will be the
economics.

Regulatory and Legal Considerations
The question has been raised several times. Who

owns treated produced water? Who has jurisdiction
over treated produced water?

In January of 2004, an engineering, legal, and
logistical study was prepared for the Lea and Carlsbad
Soil and Water Conservation Districts in New Mexico.
The study’s purpose was to evaluate the feasibility of
treating and using produced water in that region.
Luebben Johnson & Young LLP in Albuquerque did
the legal research. They observed that
“wastewater from oil and gas production
is generally treated as part of the real
property’s mineral estate, which is
originally owned by the landowner,
conveyed to the producer in the oil and gas
lease, and transferable by the producer as
personal property.” While there are no
specific laws in NM or other states directly
dealing with the “appropriation” of
wastewater found in conjunction with oil
and natural gas (with the exception of
shallow coal bed methane water), there
are indications in statutory, administrative,
and appellate law that produced water is not publicly
owned water, but part of the privately owned mineral
estate conveyed to the oil and gas operator.

New Mexico law is quite clear with regard to the
Oil Conservation Division’s jurisdiction over produced
water. They have the responsibility to hold producers
accountable for the proper disposition of their wastes,
which include produced water. In addition, the New
Mexico legislature also recognized the operator’s
ownership when it passed a tax credit bill of $1,000
per acre foot to operators who could deliver clean
produced water to the Interstate Stream Commission
at the Pecos River in Southeast New Mexico.

Conclusion
The economic treatment of produced water is right

around the corner from being widely utilized throughout
the oilfield. It will be a win-win situation for the oil and
natural gas industry and the environment in the arid
west especially. In order for this to happen, companies
must overcome the current paradigm. The single-
minded thinking that any time we have produced water,
we have to have a disposal well, needs to be thrown

out the door. Companies must also do a better job of
quantifying their disposal costs. The cost of owning
and operating a disposal well is not zero just because
the company has sunk capital into a well. The companies
that overcome these hurdles will be the companies that
will develop new oil and natural gas reserves in areas
formally uneconomic because the wells made too much
water. This is actually a triple win scenario because it
allows our country to produce more of our own
domestic hydrocarbon resources.

The economic
treatment of
produced water
is right around
the corner from
being widely
utilized
throughout the
oilfield.

Question: What does it cost you today to pump the
produced water down in the ground to get rid of it?

Frank: That cost can vary quite
considerably depending on your
location. For example, in New Mexico,
producer- or operator-owned
produced wells in some areas down
around Artesia inject into highly
permeable porous zones and
ammonium formations around 11,000
feet. Some of those wells can take 25
to 30 thousand barrels of water a day.
Our costs, direct operating costs plus
the cost of amortizing the capital cost
of the well, can be as low as 15 to 17
cents a barrel. Conversely, we operate

a lot of wells in Wyoming where there is not a highly
porous and permeable subsurface strata that makes
for good injection zones. It can cost as much as four
and five dollars a barrel to get rid of produced water in
those areas. It ranges everywhere in between
depending on where you are, where you are putting
the water. There are a lot of areas where we operate
wells where we have to go to third parties to pick our
water up by truck and then truck it to a disposal well.
At that point, the trucking costs become the
predominant cost of getting rid of that produced water.
Those costs can be anywhere and as high as two to
four dollars a barrel just to truck the water to an OCD
approved disposal facility.

Question: Why does the oil and gas industry deserve
special exemptions from the Clean Water Act that so
many soil and water conservation districts have
testified result in water quality impacts to surface water
that interfere with and negatively impact other water
interests, such as agriculture?
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Frank: First of all, I would have to ask you what special
privileges you are referring to.

Response: It is the exemption from storm water
permits—the new exemption the current administration
has added to the Clean Water Act, to put in exemptions
for oil and gas.

Frank: To be perfectly honest with you, I am not that
familiar with that particular EPA rule-making. I can
say that typically produced oil and natural gas have an
oil conservation division like the state of New Mexico
and Wyoming. Wyoming has an oil and gas commission.
They’ve developed their own very complex guidelines
to regulate the oil and gas industry in those particular
states. They have worked closely through the years
for that exemption so that there is not overlapping
jurisdiction for the regulation of oil and gas wastes. I
do not know whether the storm water exemption would
fall under that criteria, because I am just not that familiar
with that particular rule.

Question: The oil and gas industry association has been
involved with the efforts to tie the hands of the state
of New Mexico and interfere with their ability to
protect water quality. This topic has come up a number
of times today with the definition of the waters of the
state. I am wondering how local and state communities
would benefit from these efforts to tie the hands of the
state to protect water quality. Mr. Yates, you mentioned
that you are working to benefit state and local
communities. I fail to see the way that this particular
effort on your behalf is benefiting them.

Frank: Again, I would have to ask you the specifics of
how we are trying to tie the hands of the state
government for protecting water. That sounds
absolutely ridiculous to me. I am not sure where that is
coming from. Certainly we are not trying to do that at
all. Generally we work pretty closely with the Oil
Conservation Division to improve the rules and the
regulations. Certainly there are a lot of misconceptions
out there with respect to things like how we address
our reclamation processes and that sort of thing that
might be unfortunately misconstrued by some in the
public as efforts to tie the hands of the people that are
trying to protect groundwater. There are a lot of
situations where it is pretty apparent to us that we are
focusing a lot of resources to achieve the unachievable,
which is zero risk, in situations where we could

potentially be putting other resources at greater risk,
because of the fact that we are so obsessed with trying
to maybe in one particular instance protect groundwater
that is maybe one hundred or two hundred feet below
the surface and there is no chance of contamination.
Yet we might be required to haul drill cuttings that are
benign to the environment, and we are putting people
at risk on the highways because of the additional seven-
tenths of the deaths per truck mile driven. We are
tearing up more highways to haul all of that. We are
concentrating wastes in other areas. So from an
environmental perspective, it seems almost ridiculous
to me in some cases that we jump on the bandwagon,
because someone said we are trying to tie the hands
of the state because of this new initiative to protect
groundwater, when the fact is that we will work with
the OCD to come up with reasonable rules that make
sense from a scientific perspective.
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