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Introduction
Fundamental to the successful development
and operation of most mines is securing a suf-
ficient, long-term supply of process water re-
quired for routine functioning. In locations
where water supplies are short, clashes be-
tween mining companies and competing
water users can cause delays in development
schedules and, in turn, losses in revenue.
Those companies that compete for limited
fresh-water resources risk losing public and
regulatory agency support for their projects.
In contrast, those companies that consider
non-potable options can avoid pitting their in-
terests against other water users, thereby in-
creasing the probability that they will secure
critical support required to advance develop-
ment and operational goals. This paper pres-
ents the water supply strategy used by ICP to
develop the Ochoa Project in southeastern
New Mexico, a region that contains the largest
potash reserve in the United States of America
(Barker and Austin 1993), but is relatively
water-short.

ICP’s fully owned Ochoa Project is located
100 km east of Carlsbad, New Mexico, and less
than 35 km from the New Mexico/Texas state
line (Fig. 1). ICP aims to become a global indus-
try leader in the production and distribution
of high-quality, low-cost specialty fertilizer.
The operations will include a conventional un-
derground polyhalite mine and processing fa-
cility that will produce SOP and sulphate of
potash magnesia (SOPM). The processing of
polyhalite, mining, and administrative needs
on site require a total water consumption of
about 190 liters per second (L/s).

As part of the Pre-Feasibility Study pub-
lished by ICP (Gustavson Associates 2011), a va-
riety of water-supply options were considered
for the Ochoa Project. These supply options in-
cluded purchasing or leasing potable water
from nearby municipalities, purchasing or
leasing existing water rights, purchasing an
out-of-state source of water, applying to the
State of New Mexico for a new appropriation
of water, or developing a deep, non-potable re-
source. Developing a non-potable resource
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from the Capitan aquifer was selected as the
water–supply option for the Ochoa Project be-
cause:

The Capitan aquifer is recognized by the•
U.S. Geological Survey (Hood and Kister
1962) and state agencies (e.g. Texas Water
Development Board 2010) as a significant
brackish water resource with a proven his-
tory of industrial use for oil and gas devel-
opment during the 1960s and 1970s;
The New Mexico Office of the State Engi-•
neer (NMOSE), the state agency responsi-
ble for regulating the use water through-
out the state, and the U.S. Bureau of Land
Management (BLM), the federal agency
regulating the construction and operation
of the mine, are both supportive of the
use of the Capitan aquifer for mining and
industrial purposes;
No permit is required to pump the deep,•
non-potable water for mining purposes
because the aquifer meets several basic
criteria that permits development with-
out requiring a lengthy permitting
process;

Developing the aquifer would not com-•
pete with other water users in the area
who live in the community of which ICP
will be a part.

In the Ochoa Project area, domestic, mu-
nicipal, and agricultural water supplies are pro-
duced from shallow, fresh-water aquifers that
are thousands of meters above the Capitan
aquifer and hydraulically separated from the
deeper water. As a result, ICP will be able to se-
cure essential processing-water resources
without competing with the surrounding
communities’ use of fresh water.

Within Lea County, New Mexico, the Cap-
itan aquifer ranges from 240 to 670 m thick-
ness, and is approximately 20 km wide near
the Eddy County and Lea County, New Mexico,
boundary, and 10 km wide directly east of the
Ochoa Project (Leedshill-Herkenhoff Inc. et al.
2000). The aquifer is associated with the Per-
mian-age Capitan Reef Complex (Texas Water
Development Board 2010), which crops out in
the Guadalupe Mountains in New Mexico and
Texas and in the Glass Mountains and Apache
Mountains in Texas. The Capitan Reef Com-

Fig. 1 Location of Ochoa
Project site near Texas/New
Mexico state line, Capitan

Reef complex (grey), and the
Pecos River in addition to
large-scale features delin-

eated from subsurface stud-
ies from Ward et al. (1970).
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plex dips below the ground surface to the east
and north from the areas of outcrop in the
Guadalupe and Glass mountains, and in some
areas, the bottom of the aquifer is more than
1,525 m below ground surface (Hiss 1975). Sub-
marine canyons that were incised into the
limestone reef and then filled in with sand-
stone, siltstone, and clay, are present along the
northern and northeastern portions of the
Capitan Reef complex (Hiss 1975). The most
prominent of the submarine canyons occur
near the Eddy County/Lea County boundary in
New Mexico and create a groundwater divide
(Hiss 1975) between the eastern portion of the
aquifer in the Ochoa Project area and the west-
ern portion of the aquifer near the City of
Carlsbad and the Pecos River.

Methods
ICP drilled two exploratory wells spaced 457 m
from one another that fully penetrated the
Capitan Reef to provide sufficient data for
modeling and water-treatment testing. The
wells, each drilled to approximately 1,615 m
below ground surface using conventional oil-
field drilling technology, were completed in

June 2012. Step-drawdown tests were com-
pleted to characterize the specific capacity of
the wells in support of engineering and design
of the well field.

Following well construction and testing,
an aquifer test was completed to characterize
bulk aquifer properties in support of develop-
ing a numerical groundwater flow model for
the permitting process. The pumping well was
pumped at a constant rate of 31 L/s for 7 days,
followed by a recovery period of 23 days. Water
levels were monitored in the pumping and ob-
servation wells before commencing the test,
during the pumping phase, and during the re-
covery phase. The data were analyzed to define
transmissivity, hydraulic conductivity, and
storativity.

In support of the permitting effort for the
Ochoa Project, conceptual and numerical
groundwater models were developed in coop-
eration with the NMOSE and BLM. The concep-
tual groundwater model provided the basis for
development of a numerical groundwater flow
model of the Capitan aquifer. The numerical
groundwater flow model provided quantifica-
tion of potential impacts of pumping deep,

Fig. 2 Model domain with
zones of hydraulic conduc-

tivity and method of linking
CAGWsup model and Capi-

tan aquifer model
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saline groundwater from the ICP wells on ex-
isting wells and springs producing from, and
surface water bodies in contact with, the
aquifer in New Mexico and Texas. The aquifer
was modeled using the USGS’s three-dimen-
sional, finite-difference groundwater flow
code, MODFLOW-2000 (Harbaugh et al. 2000),
which is an updated version of the well-known
groundwater flow code MODFLOW (McDonald
and Harbaugh 1988).

The portion of the aquifer included in the
model domain extends east and south from
near Carlsbad, New Mexico, to the Glass Moun-
tains in Texas (Fig. 2). Fortunately, the large
number of oil and gas wells in the region pro-
vided many well logs with data at the needed
depths. A review of available oil and gas well
logs, as well as other data sources, and the sub-
sequent development of a database of the for-
mation tops, were key components for delin-
eating the hydrostratigraphic units to be
included in the numerical groundwater flow
model. In addition to the use of pre-existing
data, aquifer test data from the two ICP water
wells provided site-specific information on the
Capitan aquifer.

Four models were developed: a no-action
model, a calibration model, and two predictive
models representing the ICP water supply
pumping and recovery scenarios. Predictive
models were run for 50-year scenarios to cover
the period included in the Ochoa Mine Plan of
Operations submitted to the BLM using a pro-
posed pumping rate of 252 L/s. Lateral flow ex-
changes between the Capitan aquifer and ad-
jacent back-reef aquifer or Delaware Mountain
Group (the aquifer on the Delaware Basin side
of the Capitan aquifer, or basin aquifer) were
determined using one-dimensional MOD-
FLOW models linked to different sections of

the Capitan aquifer boundary. Initial condi-
tions for the one-dimensional models were a
uniform, static water level. The thickness of all
one-dimensional models was estimated at
304 m based on information from Hiss (1975)
on the basin and back-reef aquifers. A standard
model domain of 153 km was used for all one-
dimensional models

Potential impacts to groundwater in the
vicinity of the Pecos River near Carlsbad, New
Mexico, were based on reduced groundwater
discharge to the Pecos River. An extensive and
detailed evaluation of the groundwater flow
system was conducted by the NMOSE (Barroll
et al. 2004). As a result of that work, the nu-
merical model of the flow system in that area,
the Carlsbad Area Groundwater (CAGW)
model, was developed to assess potential im-
pacts. A superposition model of the CAGW
model (CAGWsup) was further developed as a
tool for evaluating impacts on river flows due
to additional withdrawals from the aquifer in
that area (Papadopulos 2008). The CAGWsup
model was used to evaluate impacts due to
pumping of ICP wells (Fig. 2). The impact eval-
uated was induced leakage from the Pecos
River. This leakage was compared to the over-
all groundwater discharge to the river esti-
mated using the CAGW model, which averaged
1,625 L/s for the period from 1965 through
2001.

Results
Pump testing indicated that the supply wells
can sustain pumping rates of 31 L/s or greater
for extended periods of time. The specific ca-
pacity of the well is summarized in Table 1.
Rapid rebound was observed upon cessation
of pumping in the pumping well during the
step test, where the water level returned to

Table 1 Results of specific capacity testing at three pumping rates (steps) used for well testing.
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100 % of the pre-test level within one hour. As
expected, the specific capacity decreases with
an increase in flow rate.

The estimated storativity value from the
7-day pumping test is 5.0×10⁻⁵. Transmissivity
of the Capitan aquifer was estimated to be
650 m²/d, yielding an estimated horizontal hy-
draulic conductivity of 2.1 m/d, applying a
304 m thickness for the open-hole producing
zone.

Results of the numerical groundwater
flow model indicate that drawdown will be
greater east of the groundwater divide that is
created by the submarine canyons (Fig. 3), far
from the Pecos River, springs, and other water
users. There will be a limited impact to ground-
water discharging to the Pecos River near
Carlsbad, New Mexico, after 50 years of pump-
ing. Reduction in groundwater discharging to
the Pecos River due to pumping of ICP wells
was estimated at 0.07 %. A sensitivity analysis
conducted on the Capitan aquifer model es-
tablished that the parameter estimates used in
the model were reasonable and that the model
was representative of the groundwater flow
system. Impacts on the back-reef aquifer were
estimated to be up to 0.007 % of the total
amount of water in the back-reef aquifer, and
impacts on the basin aquifer were estimated

to be up to 0.002 % of the total amount of
water in the basin aquifer.

Conclusions
The exploratory drilling, testing, and model-
ing work completed by ICP in support of the
permitting process significantly reduced the
risk to the water supply for the Ochoa Project
and provided valuable data for final design and
engineering. Well testing confirmed the de-
sired capacity of the deep wells. Aquifer testing
confirmed the aquifer is suitable to provide
the Ochoa Project with a long-term supply of
deep, non-potable water that will not compete
with the surrounding community for use of
fresh water. Evaluating the effects of pumping
with the numerical groundwater flow model
shows insignificant impacts to other water
uses and surface water connected to the
aquifer.

By supplying the mine with deep, non-
potable water from the Capitan aquifer, ICP
has avoided a relatively complicated process
for developing freshwater, and has instead
safeguarded its use for other purposes that are
essential to the surrounding community.
Though developing deep, non-potable water
requires deeper wells and desalination treat-
ment, making the commitment to safeguard

Fig. 3 Drawdown in the Cap-
itan aquifer after 50 years of

pumping 252 L/s. Area en-
larged shows Eddy-Lea

County line in vicinity of
submarine canyons that re-

strict flow.
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limited freshwater resources can add value to
a project through public and regulatory sup-
port received when proposals do not include a
new and competing use of fresh water. As
freshwater resources become more limited,
those companies that choose to adopt conven-
tional drilling and treatment technologies to
develop non-potable resources may also real-
ize value in the support received for such pro-
posals.
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