




associated with water development have increased ow through 
many basin- ll aquifers, especially from the land surface to the 
shallower parts of the aquifer. However, ground-water withdraw-
als from the deep wells typically used for public supply also have 
resulted in enhanced movement of ground water from shallower to 
deeper parts of basin- ll aquifers. Water development, therefore, 
typically results in aquifers being more susceptible to water-quality 
degradation by human activities occurring at the land surface and 
more vulnerable to contaminants where sources are present. 

Susceptibility and Vulnerability to Contamination
The ease with which water enters and moves through an aqui-

fer is described as its intrinsic susceptibility (Focazio and others, 
2002). Aquifer susceptibility is dependent on the aquifer proper-
ties and other characteristics such as recharge rate, the presence or 
absence of an overlying con ning unit, ground-water travel time, 
thickness and characteristics of the unsaturated zone, and pump-
ing. The vulnerability of ground water to contamination is the 
probability for contaminants to reach a speci ed part of an aquifer 
after being introduced, usually at the land surface. ulnerability 
is dependent on the properties of the ground-water system (sus-
ceptibility), the proximity of contaminant sources, and the con-
taminant’s chemical characteristics.  Long ground-water residence 
times and slow rates of contaminant degradation in basin- ll aqui-
fers of the SWPA study area can make the process of contaminat-
ing ground water virtually irreversible and treatment prohibitively 
expensive or otherwise impractical. Therefore, it is imperative to 
understand the primary natural and human factors associated with 
the susceptibility and vulnerability of these aquifers to contamina-
tion, which allows water managers to plan for their optimal protec-
tion and utilization.

The SWPA study has completed two regional water-quality 
investigations for basin- ll aquifers. Paul and others (200 ) 
investigated water quality of the shallow, upper parts of basin- ll 
aquifers in the SWPA study area and found them to be vulner-
able to nitrate contamination (concentrations above 10 milligrams 
per liter) in areas where fertilizer is used, land is irrigated, and 

Figure 3. Estimated annual recharge and discharge water-budget 
components for predevelopment and modern conditions in the West 
Salt River Valley, Arizona.

oxidizing conditions are present in the ground water. Similarly, 
Paul and others (200 ) found that the occurrence of selected pes-
ticides is affected by oxidation/reduction conditions, soil perme-
ability, ground-water temperature, and depth to the well’s screened 
interval. ccurrence of selected volatile organic compounds was 
found to be affected by oxidation/reduction conditions, pH, and 
industrial land use. Anning and others (200 ) investigated salinity 
in the basin- ll aquifers of the SWPA study area and found that 
dissolved-solids concentrations typically increase along owpaths 
as a result of geochemical reactions with the aquifer matrix, dis-
solution of disseminated salts and massive evaporite deposits, and 
evapotranspiration of shallow ground water by natural vegetation 
or by agricultural crops. Mixing with in ows of ground water, 
stream seepage, or irrigation seepage with higher concentration 
also causes increases in dissolved-solids concentrations along 

owpaths.

Regional Analysis 
Similarities in the hydrogeology, land- and water-use prac-

tices, and water-quality issues between the basin- ll aquifers 
of the SWPA study area allow for regional analysis. Regional 
analysis begins by determining the primary in uential factors that 
commonly affect water quality, and the associated susceptibility 
and vulnerability of basin- ll aquifers to contamination, on the 
basis of data and information from a subset of information-rich 
basin- ll aquifers in the study area. ariations in the presence and 
magnitude of these in uential factors across the basins allow for 
determination of the effects of each factor and for development 
of conceptual and mathematical susceptibility and vulnerability 
models of these effects. The models formed for these areas then 
can be extended to areas lacking ground-water quality data and 
interpretive studies. As part of the regional analysis activities, 
digital data sets that represent potential factors affecting water 
quality were produced by the SWPA study ( g. ; McKinney and 
Anning, 200 ). Potential factors such as population, land use, and 
water use ( g. ) are general measures of the degree and type of 
human activities occurring on the land surface, and may re ect 
the magnitude and extent of contaminant sources and transport 
mechanisms. 

During its rst data-collection and analysis phase from 1 1 
to 2001, the NAWQA Program sampled wells and established 
baseline water-quality conditions for basin- ll aquifers in 15 
basins across the study area ( g. 1). Ground-water quality also 
was investigated for relations to natural and human factors on the 
basis of a wide suite of constituents including ma or ions, nutri-
ents, trace elements, pesticides, and volatile organic compounds. 
These studies developed detailed knowledge of local conditions 
and factors affecting ground-water quality for each basin, and the 
SWPA program is developing a regional understanding by synthe-
sizing results from the 15 basin studies into a common set of fac-
tors and themes found to affect water-quality in basin- ll aquifers 
across the Southwestern United States. The synthesis consists of 
three ma or components
1. A review that summarizes the status of, trends in, and in uen-

tial factors affecting ground-water quality of basin- ll aquifers 
in the 15 individual basins previously studied by NAWQA;

2. Development of a conceptual model of the primary natural 
and human factors commonly affecting ground-water quality, 
leading to a regional understanding of the susceptibility and 
vulnerability of basin- ll aquifers to contaminants; and, 

. Development of statistical models that relate speci c ground-
water quality constituent concentrations or occurrence to natu-
ral and human factors linked to the susceptibility and vulner-
ability of basin- ll aquifers to contamination. 

Predevelopment Modern
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Resource managers and scientists will be able to use the 
results of the SWPA regional water-quality studies in assessing the 
susceptibility and vulnerability of ground water to contamination 
in basins across the study area. By identifying natural and human 
factors and processes affecting the occurrence and transport of con-
taminants, the assessments will allow managers and scientists to 
apply ndings to broader classes of contaminants. Regional-scale 
models and other decision-support tools that integrate aquifer char-
acteristics, land use, and water-quality monitoring data will help 
water managers to estimate water-quality conditions in unmoni-
tored areas, to assess the susceptibility and vulnerability of ground 
water under different future basin-development scenarios, and to 
develop cost-effective ground-water monitoring programs. 
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Locations for basins are shown in figure 1
Data from McKinney and Anning (2009)
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