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Abstract:
This paper describes our current understanding of groundwater quality in the southern Roswell Basin 
based on historical and recently acquired data.  The New Mexico Interstate Stream Commission is 
currently evaluating the development of a well field in the southern Roswell Basin to pump groundwater 
to supplement Pecos River flows as needed to augment CID water supplies and to ensure long-term 
compliance with the Pecos River Compact, consistent with conditions called for in the Carlsbad Project 
Settlement Agreement.  As part of that evaluation, water quality (specifically sulfate salinity) has been 
identified as a potential issue of concern, in particular how augmentation pumping may impact the quality 
of irrigation water in the area, and in turn how that may affect agricultural soil productivity.  This work 
focuses on evaluating groundwater quality in the study area with regard to issues related to the development 
of an augmentation well field, as well as developing a baseline understanding of soil quality in the area.  
We describe results from a compilation of historical water quality data for the region, as well as field data 
for water levels and groundwater quality from the Fall of 2003 through Summer 2004.  In addition, soil 
samples were obtained from land irrigated by groundwater, as well as non-irrigated lands, and the samples 
were analyzed to determine the geochemical profile of the soil water.  A synthesis of the data is presented, 
and preliminary conclusions related to anticipated future trends on groundwater quality in the area are 
described.

Motivation for Study:
The Pecos bluntnose shiner was listed as threatened under the Endangered Species Act by the U. S. Fish & 
Wildlife Service in 1987.  The proposed re-operation of the Pecos River to protect the shiner would include 
releases of water from Sumner Dam to prevent critical habitats from drying out, as well as limiting the 
duration and frequency of the large blocks of water currently released to Carlsbad irrigators downstream.

The ISC is negotiating the acquisition of water rights and wells in the Roswell Basin and transferring some 
of those acquired rights to one or more well fields which will be pumped to help augment Pecos River 
flows.  A potential concern is that the pumping related to the well field may increase the risk of saline water 
encroachment to other wells in the area, which in turn may decrease crop yield.  This study is designed to 
investigate the hydrogeologic setting in the southern Roswell basin to evaluate this concern.

Objectives:
The objectives of this study are to develop: 
  • a database of groundwater salinity in the southern Roswell Basin
  • a conceptual model of salinity encroachment, and 
  • an estimate of the potential salinity encroachment as a result of augmentation well pumping.
To achieve these objectives, it is necessary to gather preexisting water quality information, as well as obtain 
new measurements of water level and water quality data from wells for both the shallow alluvial and deep 
artesian aquifers.  To more completely understand the risk of decreased crop yield due to increased water 
salinity it is also necessary to analyze soils to determine the pre-existing levels of soil salinity.  

Sources of water quality and water level data:
  • The USGS collects information about surface water, groundwater and water quality from many  
  different locations every year.

  • The NMOSE WATERS database contains information on water level in wells, but is focused on  
  water rights information such as well permit number and well completion date.

  • The Produced Waters database (associated with the USGS) provides water chemistry data from  
  samples associated with oil and gas production.

  • Historical water quality and water level reports of the area

Problems with historical data records:
  • It is inherently difficult to collect from the same well both water samples (the pump must be    
   running) and measurements of water level (the pump must be off and the water level in the well  
   stabilized).

  • USGS water quality measurements are taken much less often and in much fewer wells than water  
  level measurements.

  • Water quality measurements usually only consist of chloride concentrations although occasionally  
  other measurements such as sulfate concentration are also measured (often due to cost of testing).

  • The poor spatial coverage of historic water quality data makes it difficult to determine trends or  
  perform a risk assessment for small localized areas of the basin.

New Water Quality Measurements:
Water level measurements and water samples were collected in the Artesia/Seven Rivers area of the 
southern Roswell basin in October 2003, and in April and June 2004.  A final trip to the area is planned for 
September 2004.  Soil samples were collected during the April trip from both actively irrigated farm land 
and from undisturbed natural soils nearby.

Water samples and soil samples were analyzed for major anion and cation concentrations and further 
analyzed with the USGS geochemical equilibrium code, PHREEQC for Windows to calculate the saturation 
index (SI) of various mineral phases.

Results:
It is clear that the groundwater from the Artesia/Seven Rivers area is sulfate dominated, but also contains 
significant concentrations of sodium, chloride, calcium, and to a lesser degree magnesium and bicarbonate.  
SI calculations indicate the water samples are undersaturated with respect to most minerals, with the 
exception of calcite, dolomite, hydroxyapatite, and aragonite.

The soil analysis results indicate that soils collected from the actively irrigated fields contain elevated 
concentrations of sulfate and calcium relative to the nonirrigated, or natural soils.  SI calculations show 
that the soils from the irrigated farmland are oversaturated with respect to anhydrite and gypsum (both 
CaSO4 minerals), while the nonirrigated soils are undersaturated in these minerals.  This result agrees with 
the elevated calcium and sulfate concentrations measured in the irrigated soils, and are most likely a direct 
result of the application of sulfate rich water during irrigation.

Conclusions:
Current measurements of water quality are not statistically different from historical measurements, 
suggesting that current/historical irrigation pumping has not decreased water quality significantly.

Future Work:
The next step is to project expected future trends in water quality using a linear mixing model from a salt 
(Chloride) balance:  

                   Eq. 1
where Ct is the average concentration in the control volume at time t, Ct-1 is the average concentration in the 
control volume at time t-1, Vol is the pore volume in the region, Qxo  is the outflow from the control volume 
in the x-direction, Qyo  is the outflow from the control volume in the y-direction, Qzo  is the outflow from 
the control volume in the z-direction, Qxi Cxi ,  Qyi Cyi, and Qzi Czi  are the solute mass inflows to the control 
volume in the x-, y-, and z-directions respectively.  The input concentrations to Eq. 1 can be determined 
from observations and the flow terms can be determined from observed data or from models.  
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