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Summary

This thesis focuses on a one-mile stretch of the Santa Cruz River located between Tumacacori and where the
Josephine Canyon enters the Santa Cruz River. The analysis takes into account conditions along this stretch
of the river between 1965 and 1980. The goal of the thesis is to document and quantify how vegetation
affects hydraulic change, and consequently its effect on flood events and flood plain management. This
section of the river makes a unique study site because it has been converted from an ephemeral stream to
that of intermittent effluent discharge flow. This site was identified for the intensive study as it had been
classified as hydrologically complex in a flood insurance study and also because the Soil Conservation Service
had previously examined the tract of the river, and lastly because low-level aerial photography was available
allowing for decade-long observation of the site. The change in water availability at the site, from
intermittent to ephemeral, effluent-fed, has changed the vegetation along the river, creating a much
“rougher” channel. This new roughness has consequences upon the absorption capabilities of the river, thus
affecting flood events. The author’s goal is to show that as a result of effluent flows and increasing
vegetation, the channel at the study site has become rougher, or less capable of handling flood events, and
thus the flood plain must be redrawn. The author provides his analysis of the new 10-100 year flood event
possibilities, and how 100 year flood plain should be redesigned. One problematic part of the document is
that the author cites the nearby site (relative to the study location) of the Santa Gertrudis Crossing of the
river as 3555 feet above sea level. This elevation appears to be incorrect, as the river channel at Tumacacori
is less than 3300 feet.

Author provided abstract

The federal flood insurance program as authorized by legislation in 1968 and 1973 provides federally
subsidized flood insurance to residents of communities which participate in an approved flood plain
management program. As a vital initial step in this program, a reasonable flood boundary must be defined
for legal enforcement. Methods of definition have been developed on streams in humid parts of the United
States where stream channels and flood plains remain more nearly stable than in the southwest. These
methods are now standard in all parts of the country whether or not they are hydrologically sound for any
given area. Results obtained from applying techniques developed in mesic climates to arid lands hydrology
imply stable conditions in systems which are often hydraulically unstable.
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Summary

This paper establishes baseline data on benthic macroinvertebrate communities along the Santa Cruz River
between the international border with Mexico and the Pima County line. Samples were collected four times
from 9 different sites during a one-year period. The specific collection dates are not given, but they are
noted as having occurred during May, August, December, and March in an effort to sample different
seasonal conditions along the river. According to the authors, “…these (effluent-fed) streams support aquatic
communities whose attributes can be used to establish biological criteria to classify the water body as health
or impaired.” This possibility becomes even more important when one considers that the most common
biological criterion used, in accordance with United States Environmental Protection Agency (USEPA)
guidelines, is the status of the benthic macroinvertebrate community. The authors do not attempt to qualify
the state of the aquatic system, in accordance with USEPA standards. Rather, they have created a baseline
survey of the benthic communities as well as different water chemistry indicators which can subsequently
used to classify the water quality.

Author provided abstract

This study provides an assessment of the ecological conditions of a 46-km effluent-dominated stream
section of the Santa Cruz River in the vicinity of the International Waste Water Treatment Plant, Nogales, AZ.
We associated changes in the structure of the macroinvertebrate community to natural and anthropogenic
chemical and physical variables using multivariate analysis. The analysis shows that biological criteria for
effluent-dominated streams can be established using macroinvertebrate community attributes only with an
understanding of the contribution of three classes of variables on the community structure: (1) low flow
hydrological discharge as affected by groundwater withdrawals, treatment plant discharge, and subsurface
geomorphology; (2) chemical composition of the treatment plant discharge and natural dilution; and (3)
naturally produced floods resulting from seasonality of precipitation.
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Summary

Abstract provided by author/library, a full version of this thesis must be ordered from the U of A library)

Author provided abstract

A two-phase study of the Upper Santa Cruz River Basin consisting of a hydrologic assessment and the
application of a computer model to the area is presented. Groundwater occurs in Older and Younger
Alluvium units, is held under unconfined conditions, and is of good quality. The Finite-Difference ThreeDimensional Groundwater Flow Model (MODFLOW) is applied to the study area in order to simulate the
hydrologic system. A water budget and conceptual model is developed to aid in model input and calibration.
A steady-state analysis for the system is performed for 1965 in order to calibrate model parameters and
produce initial conditions for the transient analysis. A transient analysis is performed to verify model
response over the period 1965-1980 in which stresses to the system are changing. Model-produced trends
and water levels are consistent with observed data, indicating the model's utility for predictive analysis of
the system.
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Summary

This report provides an analysis of data on groundwater levels within the Santa Cruz Active Management
Area (SCAMA). Data used for the analysis comes from the ADWR Groundwater Site Inventory (GWSI)
Database which has 6273 individual measurements taken from 548 wells in the SCAMA between 1934 and
2006. Despite this resource, the authors only used data from the 131 wells which had at least 10 depth-towater measurements made prior to 2007. The authors point out that measurements are not temporally
constant, as there is variation both in the seasonality of the measurements as well as between decades, thus
a weighted historical average was used by the authors in this report. The lack of a stable set of depth-towater measurements for this analysis forces the authors to dedicate a significant amount of time to
explaining their methodology for analysis of an “average historic depth-to-static-water level” as well as
explaining why some measurements could not be used in the analysis, as they did not conform to fitting
within one-standard-deviation (10.2 feet) of the average historic level. Of the 131 wells used in the analysis,
123 had exceedances from the one-standard-deviation rule set forth for such analysis by the Assured Water
Supply (AWS) guidelines from the SCAMA. Due to the overwhelming disparity in DTW measurements over
the decades between different wells, the authors conclude that it is not possible to create an “average
historical depth to static water level” measurement, as prescribed by the AWS guidelines. They suggest that
measurements be grouped into areas, where multiple well-measurements can be combined both spatially
and temporally so as to create an average “area-specific” rather than “well-specific” threshold depth. The
last 25 pages of the report provide data on the 131 wells analyzed in the study, providing information such
as location, first/last DTW measurements, total DTW measurements taken, average DTW at site, etc.
Statistical data is also provided of DTW at different wells throughout the AMA, thus providing unique insights
into the variability of DTW over different periods of the last 50+ years.

Author provided abstract

Proposed new groundwater withdrawals for Assured Water Supply (AWS) purposes in the Santa Cruz Active
Management Area (AMA) or SCAMA must be consistent with the AMA’s dual water management goals of
maintaining safe yield and preventing local water tables from experiencing long-term declines (A.R.S. 45562.C). Over the last several years the ADWR and interested stakeholders have held numerous meetings to
develop concepts for AWS rules that provide an analytical framework to interpret and implement the AMA’s
unique water management goals. From those discussions it has been generally recognized that the
evaluation of consistency with the goal criteria for assured water supply purposes, should be based in part
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on a comparison of projected groundwater levels to historic water levels at specific wells in the area of
projected hydrologic impact of a proposed new development. Further, it has been generally recognized that
the evaluation of the physical availability criteria for assured water supply purposes should also use this
same method of comparison of projected water levels at specific wells in the area of projected hydrologic
impact. The proposed Santa Cruz AMA AWS rules require new well water withdrawals in support of AWS
determinations to be consistent with the AMA physical availability requirements, as well as be consistent
with the goal of the AMA. Consistency with AMA physical availability and goal requirements will be
demonstrated only if hydrologic studies indicate that the new withdrawals will not cause the projected
depth-to-static water level to decline at water level monitoring locations by no more than one standard
deviation below the average historic depth-to-static water level (the “target” water level) for more than 10
percent of the months in a series of 100-year AWS model simulations. Additionally, the proposed rules do
not allow the projected depth-to-static water level to exceed more than one standard deviation below the
historic average depth-to-static water level for more than 12 consecutive months in any one (or single)
model simulation. The following report presents an analysis of available groundwater level data for the Santa
Cruz AMA. Factors effecting the calculation of average historic groundwater levels, such as the availability of
historical water level data and the differences in the periods of record for wells are discussed. The analysis
includes the calculation of average historic water levels and standard deviations for selected wells that will
be used to evaluate the potential impacts of proposed new AWS withdrawals. The report concludes with an
analysis that shows how historic groundwater levels compare to the proposed “target” water levels.
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A spatial database was created for Drewes’ (1980) tectonic map of southeast Arizona: this database
supercedes Drewes and others (2001, ver. 1.0). Staff and a contractor at the U.S.
Geological Survey in Tucson, Arizona completed an interim digital geologic map database for the east part of
the map in 2001, made revisions to the previously released digital data for the west part of the map (Drewes
and others, 2001, ver. 1.0), merged data files for the east and west parts, and added additional data not
previously captured. Digital base map data files (such as topography, roads, towns, rivers and lakes) are not
included: they may be obtained from a variety of commercial and government sources.
This digital geospatial database is one of many being created by the U.S. Geological Survey as an ongoing
effort to provide geologic information in a geographic information system (GIS) for use in spatial analysis.
The resulting digital geologic map database can be queried in many ways to produce a variety of geologic
maps and derivative products. Because Drewes’ (1980) map sheets include additional text and graphics that
were not included in this report, scanned images of his maps (i1109_e.jpg, i1109_w.jpg) are included as a
courtesy to the reader. This database should not be used or displayed at any scale larger than 1:125,000 (for
example,
1:100,000 or 1:24,000). The digital geologic map plot files (i1109_e.pdf and i1109_w.pdf) that are provided
herein are representations of the database (see Appendix A).
The map area is located in southeastern Arizona (fig. 1). This report describes the map units (from Drewes,
1980), the methods used to convert the geologic map data into a digital format, the ArcInfo GIS file
structures and relationships, and explains how to download the digital files from the U.S. Geological Survey
public access World Wide Web site on the Internet. The manuscript and digital data review by Helen Kayser
(Information Systems Support, Inc.) is greatly appreciated.
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Summary

This 156 page document focuses upon issues of hydrogeology and water resource management in the
microbasin region of the Santa Cruz River located north of the international boundary with Mexico and south
of the International Wastewater Treatment Plant. Using USGS computer model, MODFLOW, a regional
model was created to stimulate flow conditions between October 1997 and September 2002. This model
illustrated the importance climatic patterns to the recharge of the younger alluvium, which most readily
yields water to wells in the region.
Aside from an outline of the vegetation, general climate, and history of hydrology surveys of the microbasin
region, the report provides strong baseline data on the basic geomorphology of the microbasins by
highlighting the rock units present as well as the geologic history and structure. Chapter 3 is dedicated to
hydrogeology, with a focus on the younger alluvium present in the microbasins: Buena Vista, Kino Springs,
Highway 82, and Guevavi. These microbasins are identified by surface area, as well as their respective
locations within the AMA. Observation wells for both the younger and older alluvium are identified by
baseline data. Hydrographs for certain wells are shown to illustrate both historical groundwater fluctuations,
as well as correlation between Santa Cruz River flow (at specific gage) and groundwater levels (at
corresponding observation well). The Buena Vista and Guevavi microbasins show the most stable
groundwater levels, suggesting that they receive recharge from sources other than stream flow. In the case
of Buena Vista, the recharge is thought to be in the form of underflow from Mexico. Guevavi may be
supplied by water in fractures or faults (page 24). Transmisssivity at certain sites within the microbasin
region is described as a result of previous test studies. At one test site at Burro Canyon (in the Guevavi
microbasin, recorded in 1963), transmissivity was suggested to be “very close to the upper limit known (to
the author) for alluvial sand and gravel in the southwestern United States” (page 26). Mention is also made
of older alluvium aquifer, which is located entirely on the east side of the river. Recharge to this alluvium is
minimal, perhaps due to the steep gradient from the high mountain ridge to the east, causing rapid runoff
during rain events (page 29). Two aquifer tests are recorded for the Nogales Formation, and one for the
Salero Formation, as well as one for the bedrock.
Groundwater flow is analyzed in Chapter 4. Inflow to the microbasins is identified as underflow from Mexico
at the International Boundary measuring approximately 500 AF/yr. Streamflow infiltration is more difficult to
estimate without an outflow gage. Cited estimates suggest between 1.5 AF/day (1963) and 5,700-8,600
AF/yr (1973). High variability exists due to the possible fluctuation in groundwater levels and availability of
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surface water. Mountain Front Recharge is estimated at 3,900 AF/yr (1973) (page 38). Neither recharge from
precipitation on the valley floor, nor incidental recharge from agriculture are cited as significant sources of
inflow. Municipal and domestic usage accounts for 85%-96% of pumpage from the study area. From 1997 to
2002, total groundwater pumpage varied between 2643 and 3267 AF/yr with the city of Nogales accounting
for 82%-92% of such pumpage. Location of municipal wells, coupled with total pumpage for each well during
the 5-year period is given. Outflow due to agricultural pumping, evaportranspiration, and underflow at the
Wastewater Treatment Plant is touched on quickly in the report.
Chapter 5 describes the watershed. Aboveground flow is described using a variety of data collected from
USGS gage 09480500, which is located on the Santa Cruz River as it enters the U.S. from Mexico. Flow is
analyzed daily, monthly (mean discharge), annual average discharge for the historical gage recording period
of 1914-2005, as well as daily streamflow at the gage during the study period from 1997-2002. The
groundwater-surface water interaction is described as complex, as flood events of different sizes can have
varying effects upon recharge. A conceptual water budget for water years 1998-2002 is given on page 56,
describing groundwater in vs. groundwater out vs. surface water in.
Chapters 6, 7, and 8 outline the creation and calibration of a model to estimate water budget, water levels,
etc. Need to go over this!
Chapter 9 presents conclusions and recommendations. It is concluded that the model reasonable simulates
groundwater conditions for the younger alluvial aquifer (page 110). Little water is contributed to the
younger alluvium from the older alluvium and Nogales Formation. Perhaps one of the most salient
recommendations is to obtain pumpage data from Mexico so as to “help understand hydrologic conditions in
Mexico and help quantify the effects of the pumpage with regards to surface water flowing into the United
States from Mexico” (page 112).
Author provided abstract

Arizona’s heavy reliance on groundwater has resulted in significant overdraft of groundwater resources in
many areas of the state. In 1994, the State legislature recognized the unique hydrologic issues facing the
Upper Santa Cruz River Valley and created the Santa Cruz Active Management Area. Several distinct
hydrogeologic areas comprise the Santa Cruz Active Management Area. This report addresses the area in the
valley along the Santa Cruz River from the International Boundary to the Nogales International Wastewater
Treatment Plant, an area commonly referred to as the microbasins. The microbasins are described as a series
of four small alluvial basins surrounded by impermeable or very low permeability formations, either bedrock
or Nogales Formation. Hardrock outcrops serve to separate the basins from each other. The Arizona
Department of Water Resources has developed a regional groundwater flow model to assist in the
understanding of the complex hydrologic system. Additionally, the model will aid the Santa Cruz Active
Management Area in determining if they are achieving their management goals and with the analysis of
future management strategies. An analysis of the hydrogeology and water resources was conducted for the
microbasin area. Three lithologic units were identified as the younger alluvium, older alluvium and Nogales
Formation. Hydraulic characteristics of each of these units were quantified. Surface water data were
collected including streamflow measurements for five locations on the main stem of the Santa Cruz River.
Groundwater pumpage data was collected and summarized. A regional model was constructed using the U.S.
Geological Survey computer code MODFLOW and was used to simulate hydrologic conditions from October
1997 through September 2002. The active model domain encompasses approximately 40 square miles. The
model has approximately 2,500 active model cells distributed among three layers, each layer simulating a
distinct hydrogeologic unit. Model cells are 660 feet by 660 feet or 10 acres each. The model simulates the
hydraulic interconnection between the Santa Cruz River and the groundwater system. Model layer one
corresponds to the younger alluvial aquifer occurring along the course of the Santa Cruz River. It is
comprised of generally unconsolidated sands and gravels with occasional lenses of silt and clay and readily
yields water to wells. Model layer two corresponds to the older alluvial aquifer, which composes the valley
floor between Mount Benedict and the Patagonia Mountains. Model layer three corresponds to the Nogales
Formation that underlies the older alluvium and outcrops at the surface at various locations. The older
alluvium and Nogales Formation do not readily yield water to wells. The model was calibrated to transientstate groundwater flow conditions. Several criteria were used to determine the accuracy of the model. These
criteria included comparing measured water levels to final model-simulated water levels, comparing
hydrographs from selected wells to model-simulated water levels, comparing model-generated volumetric
water budgets to conceptual estimates, and comparing model-simulated surface water flow to conceptual
estimates and field measurements. A sensitivity analysis was conducted to determine how sensitive the
model solution is to uncertainty in each input variable. The model is most sensitive to time discretization as
the groundwater system in the primary aquifer is heavily influenced by recharge from flow in the Santa Cruz
River. In general, the groundwater flow model developed for the Santa Cruz River microbasins appears to
reasonably simulate groundwater conditions in the younger alluvial aquifer. Results indicate that the
younger alluvium, particularly the Kino Springs and Highway 82 microbasins, are recharged almost solely
from discharge in the Santa Cruz River. The older alluvium and Nogales Formation contribute very little
recharge to the younger alluvium. Consequently, recognizing the significance of climatic patterns in the area
is central to the success of future management strategies. Data are inadequate in the older alluvium and
Nogales Formation to draw any specific conclusions or use the model reliably as a predictive tool in those
areas.
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Summary

“The objective of this study is to use a combination of geologic and geophysical methods to determine the
shapes and locations of the subbasins that make up the upper Santa Cruz basin, to describe the sediments
that fill the subbasins, and to estimate the thinkness of better consolidated lower basin-fill sediments (poor
aquifers) relative to less consolidated upper basin-fill sediments (better aquifers) in the subbasins” (page 4).
The geographical range of this study stretches from the international boundary north to the confluence of
the Sopori Wash with the Santa Cruz River, about 50 km to the north. The report is divided into two sections:
Geological investigations and Geophysical investigations. The first part gives a thorough description of the
stratigraphy and structure of the river basins as well as the outlying upper elevations. The second part
provides an analysis of gravity data as well as basin fill density functions. The estimated depth to bedrock
tends to range between 100 and 1000 meters. Using this, an estimated thickness of upper basin fill is
created, in which areas thicker than 500 meters are restricted to small sites around Amado and Tubac.

Author provided abstract

The thickness, distribution, and character of alluvial sediments that were deposited in the subbasins of the
upper Santa Cruz structural basin in southeastern Arizona during the late Tertiary provide important
constraints on ground-water availability of the area. Two basin-fill units are recognized; the middle to late
Miocene Nogales Formation and an unnamed Pliocene unit termed upper basin fill. Porosity and saturated
bulk density for the two units were estimated using a combination of down hole gravimeter data from
nearby bore holes in similar sediments, grain density measurements of cuttings, and surface gravimetric
profiles. The calculated porosity of the Nogales Formation is 16 percent giving a saturated bulk density of
2.32 g/cc; the calculated porosity of the upper basin fill is 21 percent giving a saturated bulk density of 2.24
g/cc. These values agree qualitatively with the greater induration of the Nogales Formation observed in
outcrop and the lower yields of water wells completed in the Nogales Formation compared to lesser
induration and higher yields of the upper basin fill. The complete Bouguer gravity anomaly map shows that
four main subbasins make up the upper Santa Cruz structural basin. From north to south, these are the
Amado, Tubac, Rio Rico, and Nogales subbasins. The Sopori subbasin (west of the Amado Subbasin)
underlies Sopori Wash, a tributary of the Santa Cruz River. More exact locations and shapes of these
subbasins, thickness of upper basin fill, and and depth to bedrock were estimated using a procedure
involving interpolation of (1) the density functions derived in this study, (2) stratigraphic data from water
wells, (3) a residual gravity anomaly grid obtained by subtracting the gravity effects of the bedrock ranges
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bordering the basin from the complete Bouguer gravity anomaly, and (4) depth to bedrock estimates from
three NURE aeromagnetic profiles. This procedure indicates that the subbasins are shallow and contain
significant thicknesses of the Nogales Formation. For example, the Amado subbasin is estimated to contain
about 300 m of upper basin fill and about 700 m of Nogales Formation. The Sopori subbasin contains about
50 m of upper basin fill and 650 m of Nogales Formation. The small thickness of upper basin fill in the
subbasins is, in some cases, a function of tectonic uplift and erosion following deposition, but in other cases,
the subbasins may have experienced only limited extension and subsidence after deposition of the Nogales
Formation. A number of previously unrecognized faults are indentified and known faults are extended using
reconnaissance geologic mapping, study of driller's logs, interpretation of aerial photographs and thematic
mapper satellite images, and inspection of contoured gravity and aeromagnetic anomaly data. Most faults
that segment the main Santa Cruz basin and shape the boundaries of the subbasins are apparently preexisting faults that have been reactivated by Basin and Range extension. One of these faults, the Mr.
Benedict fault, controls the location of the Santa Cruz River as it crosses thebasin and affects the gradient of
the floodplain. The effects of this fault and of other faults within the basin fill on ground-water movement
should be investigated.
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Summary

This report was produced by the U.S. Geological Survey in conjunction with the City of Tucson. The purpose
was to model groundwater extraction correlated to inflows during the middle and late 1900s in what the
authors refer to as the “upper Santa Cruz Basin”. It is important to note that the report focuses on the area
from just south of Tubac to Rillito, which perhaps is more appropriately labeled, the middle Santa Cruz Basin.
No reference is made to any area south (above) the Nogales International Wastewater Treatment Plant. The
impetus to model extraction and inflow comes from interest in possible land subsidence in the region. The
author’s model suggests that by the year 2025, parts of the study area could experience subsidence from 1.2
to 12 feet. The most drastic levels would be seen in the central well field in the northern part of the upper
Santa Cruz Basin, which loosely correlates to the central Tucson metro region (see map, page 39). This report
provides data on ground water inflow/outflow, using different reports, for a variety of different time periods
in the mid-late 20th century in the “upper” Santa Cruz Basin. Inflow is separated into mountain-front
recharge, streamflow infiltration, and additional recharge or reduced pumpage. Outflow is separated by
evapotranspiration, underflow, and estimated pumpage. Various reports are also compiled to estimate
mountain-front recharge for different upland areas surrounding the upper Santa Cruz Basin. A graph showing
annual (water year) streamflow (acre/feet) at Continental is given, as well as pumpage data divided into
industrial, public supply, and agricultural. It is not clear the exact delineation for the pumpage area, or
rather, what wells are included. The authors estimate and stimulate (using different models) streamflowinfiltration recharge for parts of the Santa Cruz Basin, separated both spatially and temporally.

Author provided abstract

A numerical ground-water flow model of the upper Santa Cruz basin in Pinal, Pima, and Santa Cruz Counties,
Arizona, was developed to evaluate predevelopment conditions in 1940, ground-water withdrawals for 194086, and potential water-level declines and land subsidence for 1987-2024. In the upper Santa Cruz basin, the
alluvium is made up of upper and lower regional units that are saturated at depth and form a complex
regional-aquifer system. Analyses of steady-state ground-water conditions indicate about 12,900 acre-feet of
ground-water inflow, 15,260 acre-feet of outflow, 53,000 acre-feet of predevelopment pumpage, 7,890 acrefeet of evapotranspiration, 29,840 acre-feet of mountain-front recharge, and 34,020 acre-feet of streamflow
infiltration in 1940. Analyses of transient ground-water conditions indicate a total of 6.6 million acre-feet of
net pumpage and 3.4 million acre-feet of water removed from aquifer storage for 1941-86. A difference of
1.2 million acre-feet between estimated and net pumpage is attributed to increased recharge from irrigation
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return flow, mine return flow, and infiltration of sewage effluent. Natural recharge was estimated to be 40
percent of the pumpage for 1966-86 and averaged 63,860 acre-feet per year for 1940-57 and 76,250 acrefeet per year for 1958-86. The increase in recharge after 1958 was coincident with above-average winter
streamflow in the Santa Cruz River for 1959-86. Return flow from ground-water pumpage was estimated to
be 21 percent of the pumpage for 1966-86 and averaged 14,590 acre-feet per year for 1941-65 and 39,650
acre-feet per year for 1966-86. Increased recharge after 1958 and decreased pumpage after 1975
contributed to decreased water-level declines or to recoveries after 1977 in wells near the Santa Cruz River
and its tributaries. The results of projection simulations indicate that a maximum potential subsidence for
1987-2024 ranges from 1.2 feet for an inelastic specific storage of 1.0xl0 5 per foot to 12 feet for an inelastic
specific storage of 1.5x10 4 per foot. The simulations were made on the basis of pumpage and recharge rates
from 1986 and by using a preconsolidation-stress threshold of 100 feet. A permanent reduction in aquitard
storage can range from 1 to 12 percent of the potential loss of 3.9 million acre-feet in aquifer-system storage
for 1987-2024. Potential water-level declines were largest using the smallest assumed compressibilities.
Potential declines for 1940-2024 ranged from 411 to 438 feet for the maximum and minimum subsidence
projections, respectively.
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Summary

Almost 90% of the treated sewage effluent processed by the two treatment plants serving the greater
Tucson area is available for passive recharge through the Santa Cruz River streambed north of Tucson. In the
absence of any major disturbance of the effluent channel, the recharge capacity of the streambed materials
decreases over time as microbial activity, and possibly suspended sediments settling out of solution, act to
clog the surficial sediments under the effluent stream. Effluent stream transmission-loss measurements
made over the period from November 1994 to August 1995 provided data used to determine the average
vertical hydraulic conductivity of the low-flow channel in the study reach through simulations using the
computer model known as KINEROS2. Saturated hydraulic conductivity (KSAT) served as the calibration
parameter in the model. The appropriate KSAT value was chosen for each set of field data by matching the
observed and simulated downstream hydrographs for the study reach. KSAT values were corrected for
viscosity changes resulting from changing average daily surface water temperatures over the study period.
Saturated hydraulic conductivity values for the effluent stream channel ranged from a maximum of 37
mm/hr in January, 1995, following several major winter storms, to a minimum of 11 mm/hr in August, 1995,
after a nearly six-month interstorm period. The saturated hydraulic conductivity values decay exponentially
with time after the last major winter storm. The mathematical model describing this decay may be used to
estimate effluent recharge rates under similar future meteorological and climatological conditions.

Author provided abstract

This dissertation studies the effect of effluent flow upon saturated hydraulic conductivity (KSAT). The study
site is the Santa Cruz River located just north of Tucson where two different facilities, the Roger Road Waste
Water Treatment Plant and the Ina Road Wastewater Pollution Control Facility, discharge up to 90% of
Tucson’s total effluent production into the Santa Cruz River channel. By analyzing KSAT after significant
storm events in the channel, the author suggests that KSAT values were highest during January, 1995 (37.3
mm/hr) following three winter storm events, and lowest during August 1995 (11.0 mm/hr) after 169 days
without storm runoff. The author suggests that in the absence of major streambed disturbance, the recharge
capacity of streambed materials decreases as microbial activity and perhaps suspended sediments act to
clog surface sediments underneath the effluent (Lacher, 195). This reduced ability for absorption is crucial to
the Tucson aquifer, as 90% of the city’s effluent is released into the study site, thus comprising a significant
amount of possible recharge. Ultimately, it is estimated that 12.1% (9,800 ac-ft) of the annual recharge to
the Tucson basin is in the form of effluent discharged into the study site.
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Summary

This press release outlines the awarding of a 7.03 million-dollar grant to the Organismo Operador Municipal
de Agua Potable, Alcantarillado, y Saneamiento (OOMAPAS) de Nogales by NADBank (through the Border
Environment Infrastructure Fund, BEIF) to construct transmission lines between a variety of wells, pump
stations, and holding tanks around the city of Nogales, Sonora.

Author provided abstract

The water utility, Organismo Operador Municipal de Alcantarillado y Saneamiento de Nogales (OOMAPAS),
has received a $7.03 million grant from the North American Development Bank (NADB) through its Border
Environment Infrastructure Fund (BEIF), which is funded by contributions from the U.S. Environmental
Protection Agency (EPA), to apply towards the cost of projects included under the Water Supply and
Distribution Program of the city of Nogales, Sonora, Mexico.
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Summary

This page describes the antecedents and current facilities of the planta internacional de tratamiento de
aguas residuales de Ambos Nogales (PITAR). Some of the capacity figures are provided as well as a
description of the treatment process which occurs within the facilities.

Author provided abstract

La contaminación del agua es un problema recurrente en la Región de Sonora – Arizona, ya que el agua es
escasa y los desarrollos urbanos, agrícolas e industriales son cada vez mayores en ambos lados de la
frontera. Uno de los principales problemas que a este respecto se ha presentado es el de saneamiento. El
problema de contaminación en la frontera con Estados Unidos es el causado por las descargas de aguas
residuales crudas hechas por las poblaciones de la región en los cauces limítrofes o en corrientes que cruzan
la frontera. La CILA a fin de atender estos problemas y tener un mejor control y manejo de las aguas
residuales en el área de Nogales, Sonora y Nogales, Arizona, aprobó, mediante el Acta 206 del 13 de enero
de 1958, la operación y mantenimiento del sistema sanitario internacional de Nogales cuya planta de
tratamiento se ubica en Arizona. El 5 de septiembre de 1967 se acordó en el Acta 227, la realización de obras
para ampliar sus instalaciones, ya que el crecimiento urbano de la región hacía que el tratamiento de las
aguas residuales resultará insuficiente. En julio de 1988, la Comisión se reunió para considerar el problema
fronterizo de saneamiento en Nogales, Sonora y Nogales, Arizona y para formular recomendaciones a los dos
gobiernos para la conducción, tratamiento y disposición de las aguas residuales de ambos Nogales en exceso
a las capacidades asignadas a México y a los Estados Unidos en la PlTAR, en el Acta 276 de fecha 26 de julio
de 1988, para la solución del problema, en adición a lo dispuesto en el Acta 227.
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Summary

The author provided executive summary is quite detailed and provides a good overview of the report.

Author provided abstract

The Arizona Department of Water Resources (ADWR) has developed a regional groundwater
flow model of the Santa Cruz Active Management Area (SCAMA) that covers a stretch of the
effluent-dominated Santa Cruz River in southern Arizona. The model was developed as a tool to better
understand the complex and interdependent stream-aquifer system, and to provide
guidance for the management of regional water resources. Water management topics relevant to the Santa
Cruz AMA include bi-national water issues and the reliability of water supplies.
Originating in the San Rafael Valley in southern Arizona, the Santa Cruz River flows south into Sonora
Mexico, re-enters the U.S. east of Nogales and continues north past Tucson where
surface water flow is ephemeral. Historically, surface water flowed perennially along the Santa Cruz River
from the U.S.- Mexico border to Tubac. By the 1940’s, it was clear that intensive groundwater pumping and
land-use changes had lowered groundwater levels in the Santa Cruz River Valley. Since the 1970’s treated
effluent from the Nogales International Waste Water Treatment Plant (NIWTP) has been continuously
released into the river channel augmenting base flow, creating an additional recharge source that helps
sustain a downstream riparian habitat. Increases in stream recharge from major winter and fall-period flood
events between 1960 and 2001 were also responsible for shallow water tables observed in the Santa Cruz
River Valley over this period. The hydrology associated with the inner Santa Cruz River Valley is characterized
by complex stream-aquifer interactions. Groundwater pumpage, land-use changes, effluent recharge and
increased evapotranspiration have modified the hydrologic system and created the need for a management
tool to help understand and predict hydrologic impacts of development. In recognition of this need, ADWR
initiated a monitoring program in 1997 to guide development of a conceptual and numerical model (Nelson
and Erwin, 2001).
To better understand and quantify the hydrologic system, a three-dimensional finite-difference
groundwater flow model (MODFLOW) was developed. The model domain covers the area between the
NIWTP and Elephant Head Bridge and is bounded between the Atascosa and Tumacacori Mountains to the
west, and the San Cayetano and Santa Rita Mountains to the east. The model simulates groundwater flow in
three basin-fill units including the Younger Alluvium, Older Alluvium and the Nogales Formation. Model
results include simulated hydraulic heads, flows and water budgets for steady state and transient conditions
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between October 1, 1997 and September 30, 2002. Examination of seasonal head and flow data collected
between 1997 and 2002 show groundwater level variations over space and time, however the cumulative
net change-in-storage over the model area during this period was small. Also during this period, the system
tended towards steady state conditions over most winter baseflow periods. Other important goals of this
project included exploring alternative conceptual models and examining parameter reliability. To accomplish
these objectives, inverse models were developed to estimate model parameters including hydraulic
conductivity and long-term natural recharge over steady state conditions (i.e., winter, baseflow conditions).
A quasi-steady (transient-mode) inverse approach was also developed to assimilate constant, surficial
aquifer storage-changes during selected winter baseflow periods. Automated calibration enabled the
efficient evaluation of alternative conceptual models (see Chapter 4). Alternative conceptual models were
examined for viability by comparing observed and estimated parameters, and examining model fit of
hydraulic heads and flows. Statistical information from the inverse models provided valuable information
about parameter reliability. Results show that observation data collected between 1997-2002 including
groundwater levels, flow and pumpage data were required to 1) identify the hydraulic states of the system,
and 2) to estimate model parameters with reliability. This data was readily available between 1997-2002 for
most areas in the Santa Cruz River Valley. In general, the model replicates observed heads and flows over
space and time with good accuracy, and most hydraulic conductivity zones were estimated with good
reliability in the Santa Cruz Valley. Although only one model is formally presented in this report, several
other high-ranking alternative conceptual models are discussed in Chapter 6. Model results show that
between 1997 and 2002 the net annual recharge along the Santa Cruz River aquifer varied from less than
20,000 AF/YR to greater than 50,000 AF/YR for drought (2002) and flood-dominated (2000) years,
respectively. Stream recharge variability between 1997 and 2002 reflected precipitation fluctuations, which
ranged from about 8 to 26 inches per year at the NIWTP; however, the average precipitation rate over this
period was similar to the long-term average precipitation rate, or about 16 inches per year. Although rates of
long-term mountain front recharge and tributary recharge (totaling about 10,250 acre-feet/year) were
estimated with less certainty, they are nonetheless, consistent with conceptual long-term estimates. Other
system inflows including underflow and incidental agricultural recharge varied over time averaging about
8,500 and 2,600 AF/YR, respectively. System outflows including pumpage, evapotranspiration (saturated
zone) and underflow also varied over time averaging about 15,000, 13,000 and 24,000 AF/YR, respectively.
The model also simulated net groundwater discharge along the river between the Peck Canyon confluence
and Tumacacori over winter baseflow conditions between 1997 and 2002. This model was primarily
calibrated over the recent effluent-dominated groundwater flow regime (1997-2002) because of the
availability of high quality head, flow and pumping data. Thus, some model boundary conditions calibrated
over recent periods may not necessarily be representative of pre-effluent conditions. Despite the paucity of
historical data, a predevelopment model was constructed to examine a steady state water budget without
pumpage for winter baseflow conditions, circa 1880. Results show similar optimal hydraulic parameters but
estimates have greater uncertainty due to the lack of firm target data over this period. The period between
1949 and 1959 was also simulated to examine model function over pre-effluent conditions with heavy
groundwater pumpage. In the 1950’s, the Santa Cruz River was extensively channelized, which led to
downcutting of the river bottom. This period was also relatively dry, but was punctuated by a few extreme
monsoon-induced flood recharge events in the mid-1950s. With respect to the 1997-2002 simulation, results
of the 1949-1959 simulation show slightly higher influx rates due to induced recharge, increased pumpage (~
21,500 acrefeet/year), reduced underflow to the north (~ 17,500 acre-feet/year), reduced ET (~ 6,200
acrefeet/year), decreased stream infiltration and less net groundwater discharge from the aquifer to the
stream between the NIWTP and Tubac. Notwithstanding data gaps and difficult boundary condition
assumptions, the pre-development and the 1949-1959-period simulation provided additional insight about
the model capabilities, stress period requirements, as well as some inferences about the historical
groundwater system. It is hoped that the information gained from developing the model can be used to help
make informed and objective water management decisions in the Santa Cruz Active Management Area.
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Summary

The goal of the Santa Cruz Active Management Area (SCAMA) is two-fold: Preserve safe-yield conditions on
an AMA-wide basis, and prevent long-term declines in local water tables. The purpose of this report is to
present the data gathered to date in the Santa Cruz AMA in support of the management goal and
groundwater modeling effort. This report presents groundwater and surface water monitoring data, USGS
stream gaging data, effluent data, gravity studies, historical water use and water quality data for three
distinctive stream reaches of the Santa Cruz River (page 5). Groundwater level monitoring has occurred on a
near-monthly basis since 1997 at 12 wells along the river. The report cites the unique characteristics of the
microbasins located between the international boundary and confluence with the Sonoita Creek. The report
provides a groundwater level map (depth to water/altitude of water level) using a survey of 170 wells during
February and March of 2000 throughout the SCAMA. Surface flow measurements are given for 17 gages
located along the river; seven of which are located north of the NIWWTP (thus recording nearly constant
above ground flow due to effluent release upstream), four located in the microbasin area, and six located in
Mexico and monitored by the University of Sonora with a different methodology than that employed by
ADWR. Examples of flow measurements are given for the different regions at different time periods. This
gives an idea of what flow conditions are like in each region- according to measurement strategies.
Accordingly the effluent dominated reach from the NIWWTP to Elephant Head averages 10-25cfs for most of
the year, while the microbasin gages record no flow for significant parts of the year. Measurements taken
between 1997 and 2001 provide correlation for surface flow to groundwater measurements for selected
sited along the effluent dominated reach. USGS gage data is also provided for two sites, the Nogales Gage,
and the Tubac Bridge Gage, illustrating mean monthly discharge data (cfs) for each site. Average monthly
effluent discharge data is provided for 1997-2001 from the NIWWTP. Specific yield and gravity survey results
are provided for four locations situated in the microbasin region of the river. Monthly precipitation data
collected at four sites between 1997 and 2000 is provided. The last two sections of the report address water
usage and water quality. Well pumpage (non-exempt) is broken down between Industrial, Municipal, and
Agricultural for each year 1997-2000. Riparian demand is estimated at 23,000 AF/yr and approximately
equals total well pumpage each year. Water quality data is provided for three wells and illustrates the
presence of various chemical constituents. The ADWR does not sample for organics of industrial pollutants.

Author provided abstract

In 1994, the legislature recognized the significant differences between the Upper Santa Cruz River Basin and
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the other groundwater basins in the Tucson Active Management Area by establishing the Santa Cruz Active
Management Area (Santa Cruz AMA or SCAMA) (fig. 1). The legislation specifically noted the international
nature of water management issues and that the basin hydrology required coordinated management
between the surface water and groundwater. In order to address the unique hydrologic nature of the Santa
Cruz AMA, the legislature gave them a dual goal. The first component of the management goal is to preserve
safe-yield conditions on an AMA-wide basis. The second component is to prevent the occurrence of
longterm declines in local water tables. In 1996 the Arizona Department of Water Resources (ADWR)
developed a groundwater and surface water-monitoring program for SCAMA. The purpose of the program is
to provide the hydrologic data required to determine whether SCAMA is maintaining its long-term “safeyield” management goal. The monitoring program also provides hydrologic information, which is being
utilized in the construction and calibration of a regional groundwater flow computer model. The original
monitoring program consisted of quarterly measurement of surface water flow, annual groundwater
measurements, and collection of other related hydrologic data. In the fall of 1997 the monitoring program
was refined to include the monthly measurement of groundwater levels and surface water flow. A staff
member was hired under a three-year Environmental Protection Agency (EPA) grant specifically to collect
and analyze hydrologic data in Santa Cruz AMA. The analysis was to include the characterization of the
groundwater surface water interaction and the seasonal nature of hydrologic process of the basin.
Department personnel have collected over 1,000 groundwater levels during the period of October 1997
through June 2001 in the AMA and the Upper Santa Cruz Sub-basin in Sonora, Mexico. The Department has
also installed pressure transducers within the AMA to record continuous groundwater level changes.
Hundreds of baseflow measurements have been recorded along sections of the Santa Cruz River both above
and below the effluent discharge point at the Nogales International Wastewater Treatment Plant. The
baseflow measurements compliment the continuous surface water flow measurements that are recorded by
the United States Geological Survey (USGS) near Nogales and Tubac at surface water monitoring sites S11
and S4, respectively. In addition to the groundwater and surface water measurements, the Department has
conducted micro-gravity surveys in portions of the AMA to provide estimates of the volumetric groundwater
storage change, specific yield and depth to bedrock. The purpose of this report is to present the data
gathered to date in the Santa Cruz AMA in support of the management goal and groundwater modeling
effort. This report presents groundwater and surface water monitoring data, USGS stream gaging data,
effluent data, gravity studies, historical water use and water quality data for three distinctive stream reaches
of the Santa Cruz River. The three reaches that are discussed are from upstream to downstream (south to
north): 1) Santa Cruz River from San Lazaro, Mexico to the International Border; 2) the International Border
to the Nogales International Wastewater Treatment Plant; and 3) the treatment plant to the northern AMA
boundary near Amado. This report is not intended to provide a detailed analysis of the data. A detailed
discussion of the data will be included in a future report that will discuss the results of the groundwater
model
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Summary

This report addresses contamination of water in both Nogales, Sonora and Nogales, Arizona. The report
utilizes studies carried out by various different agencies on wells located on both sides of the border. The
presence of harmful substances is cited at various different locations in different concentrations. Substances
found in high levels in the samples include: Bacteria, Nitrates, Anions and Cations, Heavy Metals, and VOCs.
It is important to note that while the title of the paper references the situation of water quality in Nogales,
Sonora, sampling was conducted on both sides of the border and contaminants were also found on both
sides of the border. A more precise sampling methodology is necessary to pinpoint contamination sources,
but it is inferred that much of the pollutants are distributed though the Nogales, Sonora sewage system
which is prone to breaks and leakage. It is not clear what implications the contamination found in sample
sites has on the municipal water supply, as the paper does not state if any municipal wells within the study
area function to supply the city with potable water. The report does suggest that the primary issue at hand is
the management/prevention of harmful substances entering the city’s municipal sewer system.

Author provided abstract

This article presents the results of a transboundary water quality monitoring program at the two Nogales
area in the Arizona-Sonora border region. The program was carried out jointly in 1990 by U.S. and Mexican
institutions. The results show pollution problems due to deficiencies in Nogales, Sonora municipal sewerage
system, causing not only sewage spills in several parts of the city but also creating occasional transboundary
problems. The results also showed potential illegal dumping of industrial hazardous waste (VOCs) into
Nogales' municipal sewerage system. All of the organic compounds found in the sewage samples are
solvents frequently used by the border industry. Occasional brakes of pipes spill the pollutants into the
Nogales Wash, a water stream that runs parallel to Nogales' main sewerage line. Samples of the municipal
water system showed no traces of pollutants. However, two rounds of samples detected concentrations of
VOCs in wells used to supply water by trucks to low income neighborhoods in Nogales, Sonora. Ironically, the
pollution detected in these wells has a greater impact in low income groups of the city that pay three to four
times more per liter of water they consume, than the rest of the inhabitants with clean water from the
municipal system
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Summary

this paper is highly technical, and perhaps this does a better job a describing the content than what I
(Prescott) can do

Author provided abstract

The authors present a model that generates streamflow for ephemeral arid streams. The model consists of a
stochastic hourly precipitation point process model and a conceptual model that transforms precipitation
into flow. It was applied to the Santa Cruz River at the border crossing from Mexico into Southern Arizona.
The model was constructed for four different seasons and three categories of inter-annual variability for the
wet seasons of summer and winter. The drainage area is ungauged and precipitation information was
inferred from a precipitation gauge downstream. The precipitation gauge record was evaluated against
simulated precipitation from a mesoscale numerical weather prediction model, and was found to be the
representative of the regional precipitation variability. The flow generation was found to reproduce the
variability in the observed record at the daily, seasonal and annual time scales, and it is suitable for use in
planning studies for the study site.
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Summary

This article illustrates the variability of flow in the Santa Cruz River both seasonally and annually. The authors
point out variability as an important factor for water management throughout the Santa Cruz, due to the
dynamic nature of rainfall in the region. One problematic factor of the study is the reference to the Santa
Cruz River in respect to high, low, and average flow, as well as observation of daily flow. The Santa Cruz
River, from its origin in the San Rafael Valley to its eventual confluence with the Gila River illustrates great
diversity in its channel formation. The authors are not specific in respect to what part of the river they are
referencing when giving statistics on flow volume or duration of flow. This is important as some parts of the
river are perennial whether it be due to natural flow (mostly present along the Mexican portion of the river)
or effluent discharge near Rio Rico or just north of Tucson.
The historical variability of water in the region is demonstrated using data from three sources: flow gauges
along the river, precipitation gauges in the immediate area of the river, and tree ring data.

Author provided abstract

The authors develop a model framework that includes a set of hydrologic modules as a water resources
management and planning tool for the upper Santa Cruz River near the Mexican border, Southern Arizona.
The modules consist of: (1) stochastic generation of hourly precipitation scenarios that maintain the
characteristics and variability of a 45-year hourly precipitation record from a nearby rain gauge; (2)
conceptual transformation of generated precipitation into daily streamflow using varied infiltration rates and
estimates of the basin antecedent moisture conditions; and (3) surface-water to ground-water interaction
for four downstream microbasins that accounts for alluvial ground-water recharge, and ET and pumping
losses. To maintain the large inter-annual variability of streamflow as prevails in Southern Arizona, the model
framework is constructed to produce three types of seasonal winter and summer categories of streamflow
(i.e., wet, medium, or dry). Long-term (i.e., 100?years) realizations (ensembles) are generated by the above
described model framework that reflects two different regimes of inter annual variability. The first regime is
that of the historic streamflow gauge record. The second regime is that of the tree ring reconstructed
precipitation, which was derived for the study location. Generated flow ensembles for these two regimes are
used to evaluate the risk that the regional four ground-water microbasins decline below a preset storage
threshold under different operational water utilization scenarios.
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Summary

This paper summarizes the Ambos Nogales Water Project which was a 4.5 year endeavor carried out by the
Udall Center at the U of A and the Colegio de la Frontera Norte. This paper is not the final project report, but
rather a summary of the report, which exists in hard copy at the Udall Center and is reviewed in this
database. The report analyzed quantity, sewerage, and quality issues in Ambos Nogales. It presents some
results from the three thematic areas which were covered. Some of the results provided include where and
at what level certain contaminants were detected in Nogales, Arizona wells.

Author provided abstract

The "Ambos Nogales Water Project" represents an interdisciplinary study of water management policy in a
community straddling the U.S.-Mexico border. The project was a joint effort undertaken from 1989 through
1993 by the Udall Center for Studies in Public Policy at the University of Arizona and El Colegio de la Frontera
Norte (COLEF) in Nogales, Sonora. Funding was provided by the Ford Foundation.
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Summary

This paper uses the stretch of the Santa Cruz River around Tucson to exemplify a loss in riverine vegetation.
This phenomena, according to the authors, is not as prevelent as one might expect in the southwestern
United States, as many river systems have seen increases in riverine vegetation. The Santa Cruz River around
Martinez Hill, south of Tucson, has seen a nearly complete loss of vegetation, compared with conditions
there during the past century which were documented using photographs. The causation for such loss
depends on four factors: 1. groundwater withdrawl 2. seasonal change in major flood events 3. down-cutting
of channel 4. advancement of channel-head entrenchment. For the paper photographs were used to
compare historical conditions of riverine vegetation along different river systems in the southwestern United
States. This stretch of the Santa Cruz exhibits extreme loss of vegetation, as the river used to be considered
prime habitat for white-tailed dove by Arizona Game and Fish. Figures are given for historical ground-water
pumping state-wide as well as the effects of different flood events along the Santa Cruz during the last
century.

Author provided abstract

Riverine riparian vegetation has changed throughout the southwestern United States, prompting concern
about losses of habitat and biodiversity. Woody riparian vegetation grows in a variety of geomorphic settings
ranging from bedrock-lined channels to perennial streams crossing deep alluvium and is dependent on
interaction between ground-water and surface-water resources. Historically, few reaches in Arizona,
southern Utah, or eastern California below 1530 m elevation had closed gallery forests of cottonwood and
willow; instead, many alluvial reaches that now support riparian gallery forests once had marshy grasslands
and most bedrock canyons were essentially barren. Repeat photography using more than 3000 historical
images of rivers indicates that riparian vegetation has increased over much of the region. These increases
appear to be related to several factors, notably the reduction in beaver populations by trappers in the 19th
century, downcutting of arroyos that drained alluvial aquifers between 1880 and 1910, the frequent
recurrence of winter floods during discrete periods of the 20th century, an increased growing season, and
stable ground-water levels. Reductions in riparian vegetation result from agricultural clearing, excessive
ground-water use, complete flow diversion, and impoundment of reservoirs. Elimination of riparian
vegetation occurs either where high ground-water use lowers the water table below the rooting depth of
riparian species, where base flow is completely diverted, or both. We illustrate regional changes using case
histories of the San Pedro and Santa Cruz Rivers, which are adjacent watersheds in southern Arizona with
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long histories of water development and different trajectories of change in riparian vegetation.
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Summary

This paper addresses flood events in the 20th century along the Santa Cruz River. One of the main themes is
the increase in peak flood events in the latter half of the 20th century. The authors point out that six of the
top seven flood events (1916-1986) occurred after 1960. While the frequency and type of flood events has
varied during the century, not all of this is due purely to climatic conditions. Channelization of the Santa Cruz
River, especially in the Tucson vicinity has altered the way in which floods behave, as a deeper channels and
lack of vegetation allow water to flow much faster than it traditionally would have through the river. There
has also been a shift in seasonality of yearly peak flood events, as for most of the 1930s through the 1950,
peak events were a function of monsoon-summer conditions. This pattern became less apparent in the
1960s (and continuing through the 1990s) as tropical storm systems originating off of Mexico’s pacific coast
during the fall tended to create peak flood events in southern Arizona. This paper tends to focus on the
relationship between hemispheric weather systems and weather events in southern Arizona.
This report provides analysis of flooding events in the Santa Cruz River in Pima County in correlation to
hemispheric weather patterns. The authors recognize that significant land use and channelization changes
have occurred in Pima County in the last century, but they attribute the main cause of flood variability post1960 to climatic variability. While this document does not address the Santa Cruz River in Santa Cruz County,
the analysis is useful for understanding the evolution of flooding along the river in the 20th century, and its
relation to climate variability.

Author provided abstract

Past estimates of the 100-year flood for the Santa Cruz River at Tucson, Arizona, range from 572 to 2,780
cubic meters per second. An apparent increase in flood magnitude during the past two decades raises
concern that the annual flood series is nonstationary in time. The apparent increase is accompanied by more
annual floods occurring in fall and winter and fewer in summer. This greater mixture of storm types that
produce annual flood peaks is caused by a higher frequency of meridional flow in the upper-air circulation
and increased variance of ocean-atmosphere conditions in the tropical Pacific Ocean. Estimation of flood
frequency on the Santa Cruz River is complicated because climate affects the magnitude and frequency of
storms that cause floods. Mean discharge does not change significantly, but the variance and skew
coefficient of the distribution of annual floods change with time. The 100-year flood during El Niffo-Southern
Oscillation conditions is 1,300 cubic meters per second, more than double the value for other years. The
increase is mostly caused by an increase in recurvature of dissipating tropical cyclones into the Southwestern
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United States during El Niffo-Southern Oscillation conditions. Flood frequency based on hydroclimatology
was determined by combining populations of floods caused by monsoonal storms, frontal systems, and
dissipating tropical cyclones. For 1930-59, annual flood frequency is dominated by monsoonal floods, and
the estimated 100-year flood is 323 cubic meters per second. For 1960-86, annual flood frequency at
recurrence intervals of greater than 10 years is dominated by floods caused by dissipating tropical cyclones,
and the estimated 100-year flood is 1,660 cubic meters per second. For design purposes, 1,660 cubic meters
per second might be an appropriate value for the 100-year flood at Tucson, assuming that climatic
conditions during 1960-86 are representative of conditions expected in the immediate future.
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Summary

This dissertation provides a solid discussion of groundwater usage and contamination issues, especially in
respect to agriculture and municipal usage, in the context of the southern Arizona border region. Regulation
and water protection by the United States and Mexico are discussed. The author uses the Bellagio Draft
Treaty, which evolved out of the Ixtapa Draft Treaty, to suggest ways in which binational management
initiatives may be pursued along the Arizona-Sonora border. The author outlines the need for a binational
database on surface and groundwater conditions along the Santa Cruz River. Also of interest is the potential
designation of a border region as a Transboundary Groundwater Conservation Area, which would set the
framework for binational management of a groundwater area, such as that of the transboundary Santa Cruz
River. The author suggests that this model would assist in groundwater management. The Bellagio Draft
Treaty can also be used as a framework for international water transfers, which in the case of effluent
discharged into Arizona, yet belonging to Mexico, is of unique interest. This dissertation provides a solid
description of binational water issues in the Ambos Nogales and binational Santa Cruz River valley.

Author provided abstract

The purpose of this dissertation is to examine potential solutions to the problem of groundwater
contamination between Arizona and Sonora, Mexico. The focus of the study is the binational Santa Cruz
River, and other groundwater resources, shared by the two countries. The Santa Cruz River runs through the
shared farming and cattle-raising areas to the south and east of Nogales, Sonora and Nogales, Arizona
(Ambos Nogales). In addressing the potential problem of contamination in this border area, two approaches
are applied to address this potential problem. First, an economic model, the Kathleen Segerson model,
which was developed to assess the liability of farmers and agricultural chemical manufacturers in the United
States, was expanded to include Mexico and to examine cross-border agricultural contamination. Secondly, a
binational groundwater management model, the Bellagio Draft Treaty, was applied to the region of Ambos
Nogales to see how it might work in addressing both cross-border agricultural contamination on the Santa
Cruz River, as well as industrial and bacterial contamination in the Nogales Wash. Segerson showed that an
economically efficient solution could be achieved by holding agricultural chemical manufacturers liable for
groundwater contamination. However, the legal difficulties associated with establishing manufacturer
liability are numerous and substantial. In addition, holding farmers to best management practices in Mexico
is doubtful based on Mexico's ineffective environmental regulatory system. Because of these difficulties, the
conditions established by Segerson for the model to work cannot be met. A more effective solution lies in
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the Bellagio Draft Treaty. The Bellagio Draft Treaty was determined to be a potentially effective way to solve
a spectrum of border water issues for the Ambos Nogales area. Some of the problems that could be
addressed under the Draft Treaty include: water contamination, equitable division of shared water, health
emergencies, and drought planning and response. While this dissertation determines that the Bellagio Draft
Treaty could be applicable to the water related problems of Ambos Nogales, the author states that much
work will be needed to actually expand the powers of a potential management agency, such as the
International Boundary and Water Commission (IBWC).
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Summary

This dissertation outlines the creation of a mapping tool to study urban growth patterns and vulnerability in
Ambos Nogales. A lengthy discussion is provided explaining the community-engagement process for the
creation of GIS-based mapping tools. The author details the layers used to created the maps, as well as their
interactive online component. Historical development issues of Ambos Nogales are discussed, which
provides important framework for the current status of urban development in the cities. The dissertation
also provides analysis of future urban growth using the SLEUTH model, which can assist urban planning
managers forecast growth patterns, and plan accordingly, especially in respect to infrastructure
requirements.

Author provided abstract

The twin city area of Nogales, Arizona and Nogales, Sonora, Mexico, known collectively as Ambos (both)
Nogales, has experienced a common borderland history of urban growth presumably based on changes in
policy and economic incentives. This research documents changes through time in an attempt to identify
colonia (settlement) development and patterns along the U.S.-Mexico Border, combining a community
participation approach with remote sensing analyses, to create an online mapping service. This study
outlines a planning approach that is meant to promote sustainable development in the future, integrating
both sides of the border. Urban area classifications for this watershed were created from images for early
summer 1975, 1983, 1996 and 2002 as part of a research project to monitor colonias growth performed
under a grant from the U.S. Department of Housing and Urban Development. This dataset was used as input
to the Clarke urban growth model, called SLEUTH, to predict land use changes to the year 2030. Erosionsedimentation models were applied to generate simulations of potential sources and sinks in the watershed.
The Universal Soil Loss Equation (USLE), an empirical formula used to predict potential average annual soil
loss in tons per acre per year (t/a/y), was applied to the study area. In order to calculate the location specific
net sediment delivery in the watershed, the Spatially Explicit Delivery Model (SEDMOD) was employed, to
quantify the amount of sediment that is deposited. In an effort to forecast the effects of urban development
in 2030 on downstream water quality, changes predicted in urban growth by the SLEUTH model were
retrofit to the erosion-sedimentation models. Using techniques designed to protect the previously identified
erosion 'hot spots', alternate scenarios were generated, depicting better water quality possibilities if these
guidelines could be adhered to. In this study, I provide (1) a new methodology for assessing future erosion
impacts in urbanizing watersheds, (2) a quantification of urban sprawl and its implications for water quality,
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and (3) the generation of alternative future scenarios for management of downstream sedimentation.
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Summary

The purpose of this report is to analyze the different options for water resource augmentation within the
SCAMA. The report found that the most recommendable option is for effluent utilization originating from
the Nogales International Wastewater Treatment Plant. The second option is the capture of flash flows form
Sonoita Creek below Patagonia Lake. The report does not outline how each project would be enacted; it only
ranks them in terms of water resource augmentation possibilities and project feasibility.

Author provided abstract

The desert climate of Southern Arizona coupled with the overdraft of its groundwater resources, let to the
passing of the 1980, groundwater Management Act. The Act mandates the creation of management plans in
designated areas of heavy overdraft. Of the four initial Active Management Areas (AMAs, three had
management plans that were designed to secure sustainable yield of the aquifer by 2025. In 1994, the
Arizona legislature created a fifth AMA by designating the southern part of the Tucson AMA as the Santa
Cruz AMA (SCAMA). The purpose for this subdivision was to facilitate the bi-national negotiations for
coordinated water resource management in this internationally shared basin. Additionally, the SCAMA is to
coordinate the management of surface water and groundwater rights for public health, safety and welfare.
A.R.S. 45-411.04. The legislature also assigned the SCAMA the management goals of maintaining safe-yield
conditions and preening long-term declines in local water table levels. A.R.S. 45-562(C)(ADWR, 1999). This
study is a result of a grant award from the 1999 Augmentation and Conservation Assistance Program in an
attempt to investigate the availability of additional water supplies and water storage areas within the
SCAMA.
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Summary

This dissertation analyzes the effect of effluent on riparian communities. Cases studies are used from the Salt
and Santa Cruz Rivers in Arizona. In the case of the Santa Cruz River, a control reach located between the
International Border and the Nogales International Wastewater Treatment Plant (NIWWTP) was compared
with the effluent reach downstream from the NIWWTP. The control reach is considered intermittent, yet can
maintain a constant flow during wet years, according to the author. Along each reach, transects were set up
and vegetation density and diversity data were collected from randomly assigned quadrants with the size of
2x20 meters. Slight yet unique differences were found to exist both in species richness and density, along
with age and size structure between the two reaches.

Author provided abstract

Riparian ecosystems of southwestern United States have been altered substantially this past century due in
large part to anthropogenic alterations to hydrological processes. Effluent release from wastewater
treatment plants into river channels alters hydrologic conditions by creating perennial base flows and
increasing nutrient availability. This research addressed how effluent released into river channels may
influence riparian plant community development downstream of treatment plants, using the Salt River (SR)
and Santa Cruz River (SCR) as representative effluent-dependent systems. A greenhouse study assessed
Populus fremontii, Salix gooddingii , and Tamarix ramosissima seedling response to increased nutrient
availability. Although stream flow is large, but regulated on the SR, and small and unregulated on the SCR,
similarities existed between systems in their response to effluent. Species richness and composition was
similar between control and effluent reaches on both systems. Overall woody density was greater on control
reaches, while vegetation volume and tree seedling density was greater on effluent reaches of both systems.
No downstream trends for vegetation density, basal area, and volume were evident on either effluent reach,
despite declining downstream nutrient availability. However, differences existed between systems, such as
basal area was greater on the SR control reach, but was greater on the SCR effluent reach. Growth rates of
Populus, Salix , and Tamarix were greater on the SR effluent reach, but Populus and Salix showed no
difference between SCR reaches. Variations in measures between river systems makes interpretation of
results difficult, but several observations emerged from this study. Water quantity changes produced by
effluent appears to be more important than water quality changes on community-level measures of riparian
plant community development, as suggested by the lack of any downstream trend in vegetation on the
effluent reach coinciding with downstream gradients in nutrient availability. Both water quantity and quality,

Wednesday, August 25, 2010

Page 46 of 263

however, may be important in population-level processes, such as seedling establishment and tree growth
rate; our greenhouse study showed all three species responded favorably to increased nutrient availability,
which may partially explain greater seedling densities on effluent reaches. These results illustrate that
effluent can enhance or restore riparian plant communities on rivers in the semi-arid Southwest.
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Summary

This report was commissioned in response to the detection of VOCs in groundwater beneath the Nogales
Wash by the Santa Cruz County Health Department and the Arizona Department of Health Services in 1986
and 1987. Approximately 200 wells were identified within the Nogales Wash study area, although not all
were being used. 18 wells were sampled so as to obtain the following information: VOC data for City and
private drinking water supply wells that have never been sampled for VOCs or previously had unreliable
results. A profile of VOC data alond the Nogales Wash from the International Border to the IWWTP to
evaluate the nature, extent, and severity of VOC contamination. The only VOC found at concentrations
above Arizona action level was PCE, which was found above Arizona Action level in 6 wells, one of which was
used for drinking water purposes.

Author provided abstract

This report was prepared for the Arizona Department of Environmental Quality (ADEQ) by the Earth
Technology Corporation (Earth Technology) as part of the requirements of Contract Number 2207-000000-33-DN-8039 for Task Assignment E-3, Nogales Wash, Nogales, Arizona. This study was funded by the Arizona
Water Quality Assurance Revolving Fund (WQARF). The purpose of the task assignment was to evaluate the
nature, extent, and severity of volatile organic compounds (VOCs) detected in groundwater beneath the
study area to provide for a timely, cost effective, and reasonable remediation of the contamination. The
Nogales Wash Study area is approximately 9 miles long, extending from the International Border to just
north of the International Waste Water Treatment Plant (IWWP), encompassing Nogales Wash. The width of
the study area varies from approximately 0.5 to 3 miles.
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Summary

Three stream sites and 24 wells were sampled for safe drinking water (SDW) for inorganic and field
parameters. Six domestic wells were also sampled for bacteria. A total of four wells had nitrates of concern,
with one well had Total Dissolved Solids greater that the prescribed limit.

Author provided abstract

The Arizona Department of Environmental Quality conducted a groundwater quality study prompted by
concern over nitrate concentrations in groundwater. The study covered the area from Rio Rico, Arizona, to
Tubac Arizona along the old Nogales highway. This report presents the results of water quality analyses on
twenty-three wells and three surface water locations. Water samples were collected and tested for Safe
Drinking Water (SDW) inorganics, and in the case of domestic wells, bacteria. Groundwater quality in the
Santa Cruz River Valley, although influenced by hydrogeologic conditions, is mostly due to impacts by the
people who live there. Groundwater was found to have elevated nitrate-nitrogen values with nine wells
having concentrations above background (2mg/l as N), and one well with a concentration above the
maximum contaminant level (10 mg/l as N). Recommendations include: 1) Continuation of groundwater
monitoring for the study area and areas of new development to preclude loss for groundwater quality. 2)
The state should assist in the formation of sanitary districts fro the area to aid in the removal of
concentrated septic disposal and to preclude the creation of a drinking water problem. 3) Public outreach on
the results of this study to aid the stakeholders understanding of local needs.
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Summary

A survey of wells located in different counties of Arizona. The Santa Cruz County data comes from two wells
monitored at different intervals throughout the year. Ground-water levels declined in 1952 between 0.5 feet
and 1.1 feet, while pumpage was 10 percent less than the previous year.

Author provided abstract

The observation-well program in Arizona was continued in 1952, principally in cooperation with the State
Land Department. As a part of this program field work was completed and reports were drafted on
investigations of the ground-water resources and geology of the Douglas Basin and the Rainbow ValleyWaterman Wash area. Field work was started in the Harquahala Plains area and the Palomas Plain area. A reevaluation of the ground-water resources and geology of the Upper Santa Cruz basin was begun, to bring up
to date the basin study made in 1942.

Other Publishing Info

United States Department of the Interior- Geological Survey and Arizona State Land Department

URL Link
mentioned?
Keyword 1 - place

Aquifer Properties

Keyword 2 - discipline

Pumpage

Keyword 3 - discipline
Keyword 4- other
Language

english

Location

U of A Library

location details

GB 1025.A6 U5 1952

Remaining review issues

Wednesday, August 25, 2010

Page 52 of 263

ID

30

Prinicpal Author- Last Name

Parker

Principal Author- First Name

Robert Wade

Other Authors
Year Published

1978

Title

Gravity Analysis of the Subsurface Structure of the Upper Santa Cruz Valley, Santa Cruz County, Arizona

Type of Material

Thesis

Thesis/Dissertation
Degree/Title obtained

M.S.

Academic Institution

University of Arizona

UA Department

Geosciences

Journal Article?
Journal Title
Issue
Volume
Edition
Pages
Book Title
Editors
ADWR Report
Modeling Report #
Map
Number of Pages

54

Summary

This study is centered around the Santa Cruz River between the Mexican Border and the Pima-Santa Cruz
County line. The following maps are products of the investigation, in which 336 new gravity stations were
added to the University of Arizona Laboratory of Geophysics Gravity Database: Subsurface Basin
Configuration Interpretation Map, Second Order Residual Bouguer Anomaly Map, First Order Residual
Bourguer Anomaly Map, Geologic Map (with gravity stations marked), Complete Bouguer Anomaly Map,
Free-Air Gravity Anomaly Map. The author calculates the water storage potential for the Upper Santa Cruz
Valley to be 24 maf.

Author provided abstract

A gravity survey was conducted in the Upper Santa Cru Valley, Santa Cruz County, Arizona. Residual gravity
anomalies were interpreted to define the subsurface structure and to estimate the water resource potential.
A north-south trending fault system with at least 2000 ft of vertical displacement forms the western half of
the basin graben structure. The eastern basin boundary is a combination of the northwest- and northeasttrending scarps. These scarps are all extensions of or parallel to inferred surface fault traces. The valley is
divided into three major sections, each having a maximum thinkness of 4200 ft of alluvium. Alluviumcovered pediments are present on both sides of the valley. The total volume of ground water available in
storage in the Upper Santa Cruz Valley is calculated to be 24.3 million acre feet. This total volume of water is
not entirely recoverable, because of permeability factors. The alluvium-covered area east of Nogales is not a
basin, but rather is a pediment surface. Tan alluvium-covered area near Ruby is not sufficiently deep to be a
major water resource. A two mile wide gravity low just northwest of Nogales contains about 2200 ft of
alluvium and is the dominant subsurface feature of the southern third of the valley.

Other Publishing Info
URL Link
mentioned?
Keyword 1 - place

Gravity

Keyword 2 - discipline

Geology

Keyword 3 - discipline

Storage

Wednesday, August 25, 2010

Page 53 of 263

Keyword 4- other
Language

english

Location

U of A Library

location details

E9791 1978 447

Remaining review issues

Wednesday, August 25, 2010

Page 54 of 263

ID

31

Prinicpal Author- Last Name

Johnson

Principal Author- First Name

P.W.

Other Authors

N.D. White, H.N. Wolcott

Year Published

1955

Title

Pumpage and Groundwater Levels in Arizona in 1954

Type of Material

USGS Report

Thesis/Dissertation
Degree/Title obtained
Academic Institution
UA Department
Journal Article?
Journal Title
Issue
Volume
Edition
Pages
Book Title
Editors
ADWR Report
Modeling Report #
Map
Number of Pages

30

Summary

A survey of wells located in different counties of Arizona. The Santa Cruz County data comes from two wells
monitored at different intervals throughout the year. Ground-water levels rose in 1954, perhaps as a result
of precipitation. Some locations illustrated water level fluctuations of up to 15 feet.

Author provided abstract

The collection of water-level and discharge measurements at wells and springs constitutes an integral part of
ground-water investigations in Arizona. A substantial part of the financial cooperation with the Arizona State
Land Department is for the collection of these basic data. The State cooperative program also includes
continued investigations of the geology and ground-water resources in specific areas, such as those
presently being conducted in the Palomas Plain and Harquahala Plains. The program of cataloging and
analyzing drill cuttings from deep wells was continued in 1954 in cooperation with the State Land
Department, The University of Arizona, and the Museum of Northern Arizona. A preliminary report on the
investigation of springs along the Mogollon Rim was completed as part of a long-range project of evaluating
the water resources in central Arizona. Work on the Navajo, Hopi, and Papago Indian Reservations was
continued in financial cooperation with the Bureau of Indian Affairs. The program of periodic resampling of
water from selected wells was continued during 1954 for the purpose of maintaining a record of the changes
in the quality of ground water in the State.
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Summary

A survey of wells located in different counties of Arizona. The Santa Cruz County data comes from two wells
monitored at different intervals throughout the year. Ground-water levels declined in 1953.

Author provided abstract

The water-level measurements program is an integral part of the ground-water investigations in Arizona. The
program of financial cooperation with the Arizona State Land Department included a substantial part of the
observation-well program. As a part of the State cooperative project, field work was completed in the
Harquahala Plains area and the Lower San Pedro basin, and was continued in the Palomas Plain area. The
program of filing drill cuttings from deep wells was continued in cooperation with the State Land
Department, the University of Arizona, and the Museum of Northern Arizona. Work was continued on the
Navajo, Hopi, and Papago Indian Reservations, in financial cooperation with the Bureau of Indian Affairs. A
re-evaluation of the ground-water resources of the Gila Bend area was made for the Corps of Engineers. The
long-range investigation of the springs along the Mogollon Rim was continued and an investigation of the
ground-water situation along the Little Colorado was begun.
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Summary

This report provides analysis of groundwater samples in the Upper Santa Cruz River basin which is classified
as the international border downstream to just past Tucson. The report provides a solid description of the
population densities and land uses of the study area. It cites the upper Santa Cruz as occupying 7430 square
kilometers in Sonora, Mexico, Santa Cruz, Pima, and Pinal Counties. It is stated that the Mexican portion of
the basin occupies 1150 square kilometers. It is not clear if the headwaters are included in this calculation, as
a small portion of the San Rafael Valley is located in Cochise County. The report looks at historical well data
from throughout the river valley and also discusses the effects of agricultural and urban water usage on
quality testing results. The testing found that nearly one third of all sites included in the study had
concentrations of at least one constituent that exceeded federal or state standards. Examples of these
include: fluoride, nitrate, nitrite, pH, manganese, iron, sulfate, dissolved solids, etc.

Author provided abstract

Fifty-eight ground-water samples were collected and analyzed in 1998 by the U.S. Geological Survey and the
Arizona Department of Environmental Quality to assess ground-water quality and to identify factors
affecting ground-water quality in the Upper Santa Cruz Basin. In addition, pre-existing ground-water quality
data for six wells were analyzed to determine changes in the ground-water quality of the basin over time.
Twenty-nine percent of the ground-water samples collected had concentrations of at least one constituent
that exceeded a Federal or State water-quality standard. The U.S. Environmental Protection Agency
Maximum Contaminant Levels and the State of Arizona aquifer water-quality standards were exceeded for
arsenic, fluoride, and nitrite plus nitrate. The U.S. Environmental Protection Agency Secondary Maximum
Contaminant Levels were exceeded for fluoride, iron, manganese, pH, sulfate, and dissolved solids. Groundwater quality in the basin is affected by natural factors and human activities. The natural factors that have
the most effect on ground-water quality in the basin are depth in the aquifer and distance from major faults.
Ground-water temperatures and pH significantly increased with well depth (p<=0.05). Dissolved-solids,
alkalinity, calcium, potassium, chloride, and sulfate concentrations were significantly higher in samples
collected from wells less than 2 kilometers from major faults than in samples from wells greater than 2
kilometers from major faults (p<=0.05). Previous studies have attributed this relation to the upward
migration through faults of ground water from gypsiferous mudstones. Ground-water quality was not
significantly different among the various basin-fill units; between parts of the basin fill that differ in
thickness, lateral extent, and composition north and south of an inferred fault; or among areas that differ in
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distance from stream alluvium (p>0.05).Human activities have a substantial effect on ground-water quality in
the basin. Ground water that contained recent (post-1953) recharge from urban areas had significantly
higher concentrations of nitrite plus nitrate than ground water that did not contain recent recharge from the
land surface (p<=0.05). Ground water that contained recent recharge from present agricultural areas had
significantly higher concentrations of nitrite plus nitrate, calcium, and potassium than ground water that did
not contain recent recharge from the land surface, and had significantly higher concentrations of calcium,
potassium, alkalinity, and dissolved solids than ground water that contained recent recharge from urban
areas (p<=0.05). Pre-existing ground-water quality data for six wells indicated that from the 1980s to 1998,
nitrite plus nitrate and dissolved-solids concentrations significantly increased at a well in an agricultural area,
nitrite plus nitrate concentrations significantly increased at a well where the land use had changed from
rangeland to urban, and nitrite plus nitrate and dissolved-solids concentrations significantly decreased at a
well in an urban area (p<=0.10). Constituents did not significantly increase or decrease from the 1980s to
1998 at an additional well in an agricultural area, at an additional well where the land use had changed from
rangeland to urban, and at a well where the land use had changed from agricultural to urban (p<=0.10).
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Summary

This image-heavy document describes the creation of a soils map for the binational Nogales Wash
watershed. The authors describe the merging of different baseline data maps from various sources on both
sides of the border. Discussion is also provided regarding the designation of different soil types. The final
third of the document is metadata for the mapping tool.

Author provided abstract

We have prepared a digital map of soil parameters for the international Ambos Nogales watershed to use as
input for selected soils-erosion models. The Ambos Nogales watershed in southern Arizona and northern
Sonora, Mexico, contains the Nogales wash, a tributary of the Upper Santa Cruz River. The watershed covers
an area of 235 km2, just under half of which is in Mexico. Preliminary investigations of potential erosion
revealed a discrepancy in soils data and mapping across the United States-Mexican border due to issues
including different mapping resolutions, incompatible formatting, and varying nomenclature and
classification systems. To prepare a digital soils map appropriate for input to a soils-erosion model, the
historical analog soils maps for Nogales, Ariz., were scanned and merged with the larger-scale digital soils
data available for Nogales, Sonora, Mexico using a geographic information system.
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Summary

An in-depth look at the geology and petrography of the north Tumacacori Mountains, which form one of the
western boundaries of the Santa Cruz watershed in Santa Cruz County

Author provided abstract

Detailed mapping has been carried on in conjunction with petrographic analysis to determine the geologic
history of the northern foothills of the Tumacacori Mountains of Santa Cruz County, Arizona. The area
consists of a dome of quartz diorite that is mantled on its northern and southern flanks by ah thin blanket of
metamorphic rocks. Both plutonic and metamorphic rocks are cut by dikes of pegmatite, aplite, andestie,
lamprophyre, and basalt and in the northern portion of the area by quartz-calcite veins. A few scattered
outcrops of Cretaceous-Tertiary volcanic rocks, such as cap the mountains, are also present.
The metamorphic rocks consist of metaconglomerate, metaarkose, metaquartzite, marble, and hornfels and
are believed to represent a sedimentary sequence ranging from upper Paleozoic to Cretaceous in age.
Metamorphism of these sedimentary rocks as a result of their intrusion by the quartz diorite has caused
recrystallization of the primary sedimentary minerals, the formation of banding, and the creation of
metamorphic minerals, including diopside, forsterite, actinolite, garnet, and sericite. This mineral
assemblage indicates that the intensity of metamorphism was near the transition between the albiteepidote hornfels and the hornblende-hornfels facies.
Hydrothermal alteration has affected almost all the prevolcanic rocks to some degree. The nature and
extent of alteration is determined by both the physical and the chemical nature of the rock attacked. Four
stages of hydrothermal activity are recognized. The first three are related to the quartz diorite intrusion; the
fourth is related to the later volcanism. The three stages related to the quartz are, in chronological order: (1)
orthoclasation with attendant introduction of quartz; (2) argillation, which produced clay and sericite; and
(3) propylitization. The products of the propylitic stage are diverse and include epidote, chlorite, serpentine,
calcite quartz, magnetite, pyrite, pyrrhotite, chalcopyrite, and molybdenite.
These three states correspond to the hydrothermal alteration effects reported from many mining districts,
but their paragenesis is the reverse of the normal case. It is believed that this discrepancy is due to the fact
that in this case the hydrothermal solutions invaded and attacked rocks that were still hot from the intrusion
and that the successive stages of hydrothermal alteration in the North Tumacacori Foothills indicate a falling
rather than a rising temperature gradient.
The hydrothermal activity related to the Cretaceous-Tertiary volcanism resulted in the formation of
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numerous veins of banded quartz and calcite. The texture of the veins and the lack of appreciable alteration
of the country rock adjacent to them indicate implacement as open-space fillings at low temperature and
pressure. The abnormally high concentration of calcite is believed to be due to CO2 leaching of lime-rich
rocks at depth and precipitation of calcite near the surface as the decrease in pressure caused loss of CO2.
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Summary

This study focuses on the area due east of Tubac which leads up towards the southern end of the Santa Rita
Mountains. Aside from mapping the surface of the river terraces and their respective soils, the author also
summarizes the evolution of the Santa Cruz River Valley in the vicinity of Tubac.

Author provided abstract

Nine Quaternary surfaces along the Santa Cruz River reflect degradation subsequent to basin filling. Five
alluvial-geomorphic surfaces represent stages of aggradation in a new trend of channel downcutting.
Upstream of the mountain-bounding fault, longitudinal surface profiles do not converge in a downstream
direction and downstream of this zone there are no thicker sediment wedges. This indicates that the
mountain front was tectonically inactive and climatic change initiated shifts from aggradation to
degradation. Terrace soils indicate that four major climatic changes have occurred in the region. These
changes resulted in downcutting events during the early Pleistocene, mid-Pleistocene, late Pleistocene and
early Holocene. The timing of last movement on two piedmont faults indicates that they were active during
the late Pleistocene. Oxalate to dithionite extractable iron ratios are a maximum for early Holocene soils,
declining to minimum values for early Pleistocene soils.
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Summary

This dissertation provides an extensive analysis of the Canelo Hills, which form the northern boundary of the
San Rafael Valley, which contains the headwaters of the Santa Cruz River. This work is highly technical and
uses a variety of study sites within the Canelo Hills to provide a rich description of the areas geologic history.

Author provided abstract

The Jurassic rocks in the northern Canelo Hills can be grouped into four stratigraphic unties (in chronological
order): 1) red bud-stones, 2) a sandstone and conglomerate unit, 3) a sequence of welded ash flow tuffs, and
4) a coarse conglomerate unit. The clastic units contain large exotic blocks of Paleozoic rocks. These rocks
have been referred to as the “lower” Canelo Hills volcanic, but map relationships indicate that they were
deposited on top of the “upper” Canelo Hills volcanic. Therefore the old nomenclature should be abandoned
and the “lower” Canelo Hills volcanics is herein renamed the Mount Hughes formation.
The Rb-Sr isotopic age for welded tuffs within the Mount Hughes formation determined for this study is
150.5+/- 2.5 m.y. This age is concordant with published dates (K-AR, Rb-Sr) for correlative rocks elsewhere in
the Canelo Hills.
Paleomagnetic data suggest that two reversals are present in the sequence with a pole position of lamba ap
= 62.2 N, phi p = 130.3 E, with dp = 4.1 and dm = 7.4. This pole suggests an episode of rapid apparent polar
wander for North America during the Middle to Late Jurassic.
The northern Canelo Hills are compromised of a structurally-high, fault-bounded, central-block of Paleozoic
and Jurassic rocks that are folded into a faulted, northwest-trending anticline. Structurally lower blocks of
deformed Cretaceous rocks bound the high central-block on the…. ( text missing from publication)
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Summary

This thesis explores a small section of the Patagonia mountains which drain into the Sonoita Creek near the
town of Patagonia. The analysis is important as the area has a long history of metal extraction, and the
potential for mining was (and still is) strong when the investigation was carried out.

Author provided abstract

The Patagonia Mountains, Santa Cruz County, Arizona are a rugged north-northwest mountain range formed
by a large igneous mass consisting of diorite, quartz monzonite, syenodiorite, grantie, and granodiorite.
Prior to Laramide time a quartz monzonite intruded a hypothetical tonalite-alkali-syenite mass and produces
syenodiorite through a process of assimilation. Dorite resulted from the concentration of the residue while
the granie represents the minimum melting components from this intrusion.
Emplacement of the Laramide granodiorite intrusion created stresses which resulted in strong eastnortheast and north-northwest fracturing. The major structure in the area is a north-northwest fault which
divides barren and mineralized fracture directions. These fracture directions are pervasive in the mountain
range and provide the channelways for ascending hydrothermal solutions and the deposition of various
metallic minerals during the magmatic history of the granodiorite.
Several quartz monsonite breccias structures, located within the granodiorite, are moderately mineralized.
These breccias structures are caused by collapse as a consequence of magma withdrawal and reaction with
the residual liquids in the magma.
Alteration minerals include: quartz, sericite, and epidote, with quartz being the most pervasive West of the
front range fault, quartz and epidote are pervasice while sericite is confined to mineralized fractures. East of
the fault, epidote is minor while sericite and quartz are confined to mineralized fracture zones.
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Summary

This thesis provides an inventory of wells drilled in the study area, which focuses on the Sonoita Creek
adjacent to the town of Patagonia, Arizona. An analysis of the shallow alluvium, from which groundwater is
pumped is also included. Groundwater level fluctuations are mapped using some wells in the study area. The
author provides calculations to suggest that the Sonoita Creek basin transmissibility is about 100,000
gal/day/ft. Water quality is also analyzed for a variety of chemical contaminants.

Author provided abstract

The Sonoita Creek basin lies in a north trending intermontane valley in southeastern Arizona. Mature
dissected mountains rise abruptly from long alluvial slopes and culminate in peaks ranging from 1000 to
1300 feet above the valley floor. The mountains surrounding the alluvial sediments are of volcanic rocks of
Miocene ? age, and have been subjected to tectonic disturbance which resulted in extensive faulting,
folding, and the formation of joint systems.
The alluvial sediments have been divided into five units based on their stratigraphic position, structural
involvement, lithology, and permeability. The oldest unit in the basin is unit No. 5 and the youngest is unit
No. 1. Groundwater supplies of the Sonoita Creek basin are developed largely from alluvial unit No. 4 and
minor supplies form alluvial unit No. 1.
The groundwater originates as precipitation on the mountain areas and on the floor of the valley. The
average rainfall on the valley floor is about 20 inches per year while on the mountains it is more than 50
inches per year. A minor part of the groundwater recharge is from the discharge of Monkey spring into the
northern part of the basin. Groundwater is discharged from the Sonoita Creek basin through evaporation, as
effluent from of about 7 cubic feet per second through Sonoita Creek, and by artificial discharge through
pumping.
The perennial streamflow in Sonoita Creek near Patagonia is due to the impervious volcanic rocks in the
subsurface, which crop out 500 feet south of the town, forcing the groundwater to discharge at the surface.
Groundwater in the basin is generally of excellent to good quality for irrigation use, and medium to good for
domestic purposes. The groundwater contains high percentages of sulphate, calcium, and bicarbonates.
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Summary

This thesis provides a thorough review of the geology of the southern Atascosa mountains, until they reach
the international border. This region contains two important drainages- Walker Canyon and Pena Blanca
Canyon, which drain to the northeast, eventually into the Santa Cruz River. This exceptionally rocky area
provides a unique study site for regional geology, although little mention is made of the local geology to
aquifer qualities.

Author provided abstract

The Pena Blanca and Walker Canon area is located in the western part of Santa Cruz County, Arizona, about
15 miles west-northwest of the city of Nogales. Covering approximately 18 square miles, this area is
characterized by a complex of volcanic and inter-bedded sedimentary rocks which are believed to range in
age from Cretaceous (?) to Recent.
Exposed extrusive rocks, comprised of tuffs, agglomerates, and lava flows, vary in composition from rhyolite
to basalt. Comglomerates and bresccias are the most common sedimentary rocks. A number of minor
intrusions occur in the Pajarito Mountains which occupy most of the southern half of the area.
Four recognized formations occur- the Pajarito Lavas, Oro Blanco Conglomerate, Montana Peak Formation,
and the Atascosa Formation. A fifth unit, the “Pena Blanca Formation,” can be recognized. This unit, which
contains the youngest rocks in the area, had previously been considered the upper part of the Atascosa
Formation.
The area is severely fractured by a number of systems of faults and joints. These fractures were formed by at
least five episodes of recurring tectonic activity since the Cretaceous (?).
Two masses of lithic rhyolie tuff are discordant with the local stratigraphic section. These two masses, locally
known as “Castle Rock” and “Mouse Rock,” exhibit features characteristic of diatremes. They are elliptical in
outline, complexly fractured, and contain inclusions of rocks not found anywhere nearby.
A semicircular chain of cliffs forms an escarpment about the area locally called “Whitney Mesa.” The tuff
layers that form the cliffs dip toward a common center, and may be part of a buried collapse caldera.
Silver and lead have been produced from the Pajarito Mining District. The epithermal ores of the district are
localized in a series of parallel, steeply dipping shear fractures which generally trend northeast.
The portion of the geologic column exposed in this area is similar to sequences of rock in the Tucson, Santa
Rita, and Patagonia Mountains. It may also be possible to correlate formations of the Pena Blanca and
Walker Canyon area with some sections of north-central Sonora.
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Summary

Volcanic rocks located in Santa Cruz County are compared to the Tucson Mountains in Pima County. This
thesis does not address the Patagonia Mountains or other sites closely related to the Santa Cruz river along
the international border, in fact, the author's illustration of the study site (Santa Cruz County) shows the
Santa Cruz River as originating east of Nogales and never entering Mexico.

Author provided abstract

New field work and studies made by previous workers show remarkable similarities in the sequences of
volcanic rocks in Santa Cruz County and the Tucson Mountains Arizona. These sequences consist of
Cretaceous (?) andesite and rhyolite; Tertiary andestite, rhyolite, tuff, rhyolite-latite, and andesite; and
Quaternary (?) basalt. These sequences also have structural similarities since the Cretaceous (?) rocks are
usually badly deformed, the Tertiary rocks are often gently tilted, and the Quaternary (?) rocks are flat-lying.
The Tertiary sequence, except for the upper andesites, is dated as ranging from the close of the Cretaceous
to early Miocene time by comparing it with the Lower Miocene Mineta beds, the Pantano formation, and
the volcanic rocks associated with these sedimentary rocks.
Microscopic studies of the units thought to be correlative show both similarities and dissimilarities in
mineralogy. Chemical studies of each volcanic unit consisted of alpha and beta counting to determine the
alpha activity and potassium content of each unity as well as emission spectrograph analysis for chromium,
copper, magnesium, and calcium. These chemical studies indicate that although the rocks thought to be
correlative have chemical differences, each suite also has chemical similarities. Possible extensions of this
volcanic correlation throughout southern Arizona, southwestern New Mexico, and northern Sonora, Mexico
are suggested but were not studied.
It is concluded that the chemical studies undertaken in this work are of great value in volcanic petrography.
The origin of the volcanic sequence is referred to the relation of structural deformation and fusion of rock at
different levels in the crust and mantle.
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Summary

This report outlines the creation and implementation of the “Colonias Monitoring Program” as set forth by
USGS-HUD. This program began in 2002 in the eastern Texas borderlands along the Rio Grande and has
expanded westward. This report describes the latest phase of the program, which is focused on Ambos
Nogales. A thorough description of the historical development of Ambos Nogales is provided, in the context
of present-day colonia development. The report also describes local community decision-maker engagement
not only for map layer development, but also for electronic/online mapping product interface usage, by
many of the same people who assisted with the data layer creation. Much of the information in this report is
similar to the principal author’s doctoral dissertation from one year prior.

Author provided abstract

This report outlines a planning approach taken by a Federal Government partnership that is meant to
promote sustainable development in the future, integrating both sides of the United States-Mexican border.
The twin-city area of Nogales, Ariz., and Nogales, Sonora, Mexico, known collectively as Ambos (both)
Nogales, has a common borderland history of urban growth presumably based on changes in policy and
economic incentives. We document changes over time in an attempt to identify colonia development and
settlement patterns along the border, combining a community-participation approach with a remote-sensing
analysis, to create an online mapping service.
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Summary

This extensive analysis of the binational Nogales Wash watershed provides a variety of tools for future
research. The text describes the development of a GIS product which catalogs hypsography, watershed
delineation, hydrography, geologic setting, vegetation, soils, basin characteristics, land use, and water
quality. Surface and groundwater quality are also examined, and potential sources for contamination are
listed. This report provides important baseline information (in GIS format) which is important for future
studies focusing on the Nogales Wash watershed. The authors suggest a variety of future research correlated
to this report and database, which would augment the understanding of land use, economic, and
demographic factors in the Nogales Wash watershed.

Author provided abstract

The United States - Mexico border area faces the challenge of integrating aspects of its binational physical
boundaries to form a unified or, at least, compatible natural resource management plan. Specified
geospatial components such as stream drainages, mineral occurrences, vegetation, wildlife, and land-use can
be analyzed in terms of their overlapping impacts upon one another. Watersheds have been utilized as a
basic unit in resource analysis because they contain components that are interrelated and can be viewed as
a single interactive ecological system. In developing and analyzing critical regional natural resource
databases, the Environmental Protection Agency (EPA) and other federal and non-governmental agencies
have adopted a ?watershed by watershed? approach to dealing with such complicated issues as ecosystem
health, natural resource use, urban growth, and pollutant transport within hydrologic systems. These
watersheds can facilitate the delineation of both large scale and locally important hydrologic systems and
urban management parameters necessary for sustainable, diversified land-use. The twin border cities area of
Nogales, Sonora and Nogales, Arizona, provide the ideal setting to demonstrate the utility and application of
a complete, cross-border, geographic information systems (GIS) based, watershed analysis in the
characterization of a wide range of natural resource as well as urban features and their interactions. In
addition to the delineation of a unified, cross-border watershed, the database contains sewer/water line
locations and status, well locations, geology, hydrology, topography, soils, geomorphology, and vegetation
data, as well as remotely sensed imagery. This report is preliminary and part of an ongoing project to
develop a GIS database that will be widely accessible to the general public, researchers, and the local land
management community with a broad range of application and utility.
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Summary

This thesis addresses the issue of complexity of the late Cenozoic history of the Basin-Range section of
southern Arizona. The investigation looks at basin stratigraphy, basin geomorphology, geophysical
anomalies, and structural data all related to the Sonoita Creek region north of Patagonia towards the town
of Sonoita.

Author provided abstract

Structural, geophysical, and geomorphic-stratigraphic studies of Sonoita Creek basin, 60 km southeast of
Tucson, demonstrate four sedimentation events and two-stage Miocene basin development. Gravity and
aeromagnetic surveys delineate a narrow, north-south to north-northeast trending asymmetric graben. The
graben boundaries are defined by multiple subparallel sets of 50-80 degrees conjugate normal faults with
both homothetic and antithetic components. The subsurface bedrock interior of the basis is characterized by
secondary horsts, grabens, and structural benches and ramps oriented parallel and transverse to the primary
basin trend. In plan, major fault zones have a segmented pattern suggestive of quasi-systematic Basin-Range
reactivation of pre-existing structures. Fault ans slickenside orientation consistent lateral slip components.
The combined evidence suggests oblique 13-18% basin extension that was initially oriented west-southwest
and later rotated into an east-west to west-northwest direction typical of most post-12-10 m.y.B.P. BasinRange fault ruptures. A rime framework provided by basin-range fill stratigraphy is: 1) early to mid-Tertiary
(>25-20 m.y.B.P.) fanglomerates that predate all Miocene graben formation, 2) two sequences of mid- and
late- Miocene syntectonic basin-range fill units that reflect superposed basin development in a rotating
stress regime, and 3) undeformed post-tectonic upper basin-range fill that contains an Epoch 5-Gilbert Epoch
(5.8-3.3 m.y.B.P.) magnetic polarity sequence. Continued tectonic stability is indicated both by extensive
pedimentation and undeformed Quaternary climatic terraces that developed during basin dissection,
following integration to a regional drainage network.
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Summary

This paper provides a history of water development in the Santa Cruz River basin in Mexico, mostly for usage
by the urban population of Nogales, Sonora. This occurred mostly in the second half of the 20th century. The
authors argue that the urban demand has taken precedence over agricultural producers who live within the
actual river valley. The authors provide numbers on population through the river valley from the late 19th
century up to the present. This rural population is coupled with the urban growth of Nogales, Sonora and
demand from each sector. Well production in the valley is documented using INEGI survey data from 1990,
thus outlining the overall demand and production for groundwater by Mexican users.

Author provided abstract

El presente trabajo aborda la transformación del ambiente natural en la Cuenca del Río Santa Cruz, Sonora,
con la finalidad de proponer formas de manejo encaminadas a la sustentabilidad ambiental de la región. Las
herramientas utilizadas fueron: imagen MSS/Landsat (1972, 1986, 1992 y TM 1997), fotografía aérea (1974,
1986 y 1992), sistema de posicionamiento global (GPS) así como entrevistas con personajes clave. Entre los
resultados obtenidos destaca el desarrollo histórico de la transformación del ambiente natural y la
explotación de recursos naturales, el régimen de explotación de la tierra y las tendencias entre el consumo
desigual de los recursos naturales.
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Summary

This is a proposal for what appears to be the article by the same two authors which appeared in Frontera
Norte in 1999. Despite its status as a project proposal, it provides some useful data on the Mexican Santa
Cruz basin, such as land use, population, and land cover (vegetation).

Author provided abstract

Con este trabajo se pretende hacer una aportacion en los estudions de las relaciones entre poblacion y
ambiente, cuyo campo aun esta en espera del desarollo de metodologias que eyuden a entender mejor estas
relaciones. El area de estudio fue definida estrategimente basado en el concepto de ecosistema cuenca
definido por Hogan en 1993, la cual esta conformada por una cuenca hidrologica de binacional en el area de
drenaje del Rio Santa Cruz, interesando solo en este trabajo el lado mexicano de la misma, en el cual estan
asentados los municipios fronterizos de Nogales y Santa Cruz, ambos en Sonora. El primero cuenta con una
poblacion de aproximadamente 133,000 habitantes y representa la component urbana del estudion. Por
otra parte, la comunidad rural perteneciente a los municipios de Nogales y Santa Cruz, Sonora tienen una
poblacion aproximada de 1580 habitantes distriuidos en ocho ejidos. Ambos components afectan, en
diferentes magnitudes de su actividad economica, el medio ambiene en dicha cuenca.
En el presente se utilizaran datos censales de poblacion y vivienda, asi como censos agricolas y ganaderos
para estimar la relacion poblacion-uso del suelo. Con el fin de estimar los cambios ambientales en el espacio
y en el tiempo, se analizara la informacion especial disponible de imagenes multiespectrales del satelite
Landsat (1973, 1986 y 1991), incorporando ademas tecnologia de analisis espaciales (Sistemas de
Informacion Geografica) que permitan entender y explicar las relaciones poblacion-detereoro ambiental a
traves del uso de tecnicas de correlacion especial en un period minimo de 30 anos. Para lo anterior se
considera que en function del concepto ecosistema cuenca de Hogan y en terminos de medir el deterioro
ambient, se obtendran los indices de vegetacion natural e inducida, cobertura de suelo, asi como las
unidades geomorfologicas para encontrar y explicar la correlacion entre variable ambientales y de la
dinamica demografica en la zona de estudio.
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Summary

This report studies land use, hydrology, river and sediment quality, and riparian vegetation using GIS tools
primarily as a response to effluent discharge from the NIWWTP. A variety of models and figures are
presented showing the response of the studied variables to the treatment plant.

Author provided abstract

The objective of this project was to study the interconnections between and among the abiotic and biotic
factors of the riverine and upland systems of the Upper Santa Cruz River basin and how they relate to water
quality of the river, with the goal of identifying possible management strategies for maintenance of a healthy
stream and riparian corridor. Supporting objectives included determining (1) the role of land use, and
riparian and streamside wetland vegetation in influencing the water quality of the Santa Cruz River, and (2)
the response of riparian vegetation and aquatic periphyton to different levels of water quality and river
discharge.
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Summary

This report is the result of a consulting firm, Eco-Ingenieria, which was contracted to do studies of the water
supply situation for Nogales, Sonora. The report outlines the current state of groundwater pumping in the
Santa Cruz and Los Alisos Basins. The report provides data on groundwater levels, groundwater flow,
geology of the basins, pumping productivity, transmisivity and permeability, and ultimately- availability of
groundwater for future exploitation. This is an important theme throughout the report as the growth of
Nogales, Sonora is a driving factor for increased groundwater production.

Author provided abstract

Desde hace, aproximadamente, una decada y media la ciudad fronteriza de Nogales ha presentado un
increment pobacional considerable (de 2.44 a 4.72%), contando actualmente con 200,000 habitantes y una
dotacion diaria de agua de 250 litros por habitante; como consecuencia de ello, su demanda de agua potable
aumento en la misma proporcion.
La conduccion del agua se realize mediante tres fuentes: la zona urbana de Nogales y las cuencas de los rios
Santa Cruz y los Alisos. La segunda fuente cuenta, a su vez, con dos sistemas de agua potable denominados
“Paredes” y “Mascarenas”. Sin embargo, la red de distribucion del agua es insuficiente para servir del
preciado liquid a la poblacion, ademas de sufrir grandes perdidas por conduccion- tuberias, valvulas y
bombas deterioradas-, equivalents al 50% del abastecimiento actual, que llega a los 550 litros por segundo
(lps).
Port al razon, La Comision de Agua Potable y Alcantarillado del Estado de Sonora (COAPAES), Delegacion
Nogales tiene programado un proyecto de dos etapas, para la extraccion de 900 lps -350 lps en la primera y
550 lps en la segunda, en las cuencas de los rios Santa Cruz y Los Alisos, respectivamente-, a traves de 10
pozos profundos.
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Summary

This report appears to be a Spanish translation of an English report by the same authors (ASU and COLEF), as
many of the acronyms and data boxes are in English while the text is in Spanish. The report outlines the
hydrological resources in the region of Ambos Nogales. The quality and quantity of water in the Santa Cruz
River on both sides of the international boundary are discussed. Graphics showing well locations and
pumpage are provided for both sides of the border. Recommendations are provided regarding quality issues
related to the Santa Cruz River, mostly in respect to industrial contamination and the NIWWTP.

Author provided abstract

Las ciudades fronterizas de Nogales, Sonora y Nogales, Arizona, son frequentemente referidas como “Ambos
Nogales”, las cuales estan asentadas dentro de la cuenca del Río Santa Cruz y que para este estudio se le
denomina “Cuenca Alta” por ser la región donde nace el río. Los pozos localizados al lado del Río Santa Cruz
son la principal fuente de agua para la población de Ambos Nogales. La cuenca es rica en historia y cultura,
pues, el río ha sido sustento y punto crucial de la actividad cultural por varios cientos de años.
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Summary

This “issues paper” outlines some of the most important concerns related to management of the Santa Cruz,
San Pedro and Lower Colorado Rivers. In the case of the Santa Cruz, attention is given to the issues of water
quantity, water quality, environmental implications, and recent actions. The paper outlines the various
governmental actors on both sides of the border, and their respective jurisdictions. Quality issues mostly
focus on wastewater treatment, while quantity is focused on supply, especially if Mexico claims it
wastewater. Environmental implications are based on the effluent reach below the wastewater treatment
plant. The paper also discusses a proposed electrical generating station as well as water authority in the
form of the Active Management Area.

Author provided abstract

The U.S.-Mexican border not only represents a meeting of two cultures and two countries, but it is also a
melting pot mixture where power and responsibilities are shared among local, state and federal agencies
from both countries. This meeting of countries and agencies with overlapping power are reasons why
change occurs slowly on border water issues. These complexities make the resolution of border water
problems more complicated than it would be to resolve the same issues on a river located exclusively within
the State of Arizona, or within the Unites States. Some specific border complexities and differences are
outlined below. Along the border, funding sources are different. Many water-related projects are funded by
bi-national organizations. A number of funding and development agencies operate along the United States –
Mexican border and some are comprised of representatives from both the United States and Mexico (Table
1). Because of the transboundary nature of water, problems along the border often surpass the ability of one
local city or town to successfully address the issues. These problems often require the financial and technical
resources of a national or a bi-national agency to create the needed infrastructure (e.g., wastewater
treatment plants, dams or potable water systems). Coordination is difficult between the two countries
because an institutional mismatch exists between governmental agencies in Mexico and the United States
that deal with water (Varady, Ingram and Milich 1995). In the United States, management of water resources
resides primarily in the states. In Arizona, this responsibility is shared by the Arizona Department of Water
Resources and the Arizona Department of Environmental Quality. In Mexico, federal water is managed by
the Comisión Nacional de Agua (National Water Commission), a federal agency. The mismatch creates
difficulties because in order to discuss border water issues, a Mexican federal agency must sometimes
negotiate with an Arizona state agency. Both countries have environmental laws, but they are not the same
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laws and enforcement procedures differ. While similar in some cases, concentration standards for
contaminants in Mexico and the United States differ, and enforcement of regulations is not as strict or
consistent in Mexico, as it is in the United States. The United States is more likely to apply strict fines and
penalties to polluting industries. Mexico is more likely to take a softer approach with industry, because of
less funding for enforcement and because of an emphasis on encouraging economic growth. Different
economic priorities of the two countries result in different perceptions of water. When border residents
were asked if they were substantially at risk from pollution in drinking water, 52 percent of border Sonoran
residents responded affirmatively, while 24 percent of border Arizonan residents responded that they were
at substantial risk (Behavioral Research Center 1996). While “illegal immigration” and “border security” may
be high priorities for American border residents, Mexican border residents identify “access to drinking
water” as a higher priority. The ability of Arizona and Sonora, Mexico to share border water resources is
constrained by ever increasing populations in need of ever greater quantities of water. This trend shows no
sign of letting up. From 2000 to 2020, population along the entire U.S. - Mexican border is projected to
increase by 64 percent (USEPA 2003). For the same time frame, population in Santa Cruz County, Arizona is
projected to grow by 67 percent, while population in Nogales, Sonora is expected to increase by 86 percent
(Peach and Williams 2000). The human consequences of changes to water quality and quantity may not be
readily evident. These changes may first be manifested among fish and wildlife. Birds, in particular, are key
indicators of the overall health of an eco-system because birds respond quickly to the changes and stresses
of the areas they inhabit. Once fish and wildlife exhibit the stresses to their environment, humans too may
soon experience the same stresses.
This paper examines the issues of water quality, water quantity and environmental impacts in the Upper
Santa Cruz River, the Upper San Pedro River and the Lower Colorado River. These are the main rivers
crossing the border between Arizona and Mexico (see Figure 1). The Santa Cruz and San Pedro rivers run
mostly south to north, and the Colorado River runs north to south. As described above, a unique,
multifaceted situation exists on the border and it calls for a special kind of effort to address water issues.
This effort involves a slower process, because of the additional coordination requirements, and
consequently, an inability to respond quickly. This can leave the impression that some issues never change
and some problems are never corrected, or even addressed. That can be a false impression as many of the
actions to address border water issues take place, but may not be readily perceived by the public.
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Summary

A historical recount of the environmental status of the Santa Cruz River

Author provided abstract

The Lessening Stream reviews the changing human use of southern Arizona’s Santa Cruz River and its aquifer
from the earliest human presence in the valley to today. Michael Logan examines the social, cultural, and
political history of the Santa Cruz Valley while interpreting the implications of various cultures’ impact on the
river and speculating about the future of water in the region.
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Summary

Bulletin 288 reads and is published more like a book. It provides a variety of useful photo, tables, graphs and
data measurements from wells and gages. Topographical profiles of the river valley are provided in pull-out
form. It serves as an excellent resource for ground water levels throughout the river valley at the time of
study.

Author provided abstract

This bulletin is written to answer the question “Is there water under this piece of land; how deep is it; is the
supply adequate and permanent, and is it of good quality?” Some of the other questions often asked the
Department of Agricultural Engineering, College of Agriculture of the University of Arizona, are also
answered, such as what changes have occurred in the ground-water table; what caused these changes, and
what will happen in the future? There is also a section on the importance and methods of making water level
measurements. A short history of the development of water is given to show the reasons for the changes
that have taken place and a touch of hydrology is included to give the reader a basis for evaluating a water
supply or the possibilities of ground water. The area covered is that portion of the Santa Cruz Valley in Pima
and Santa Cruz counties of Arizona east of the Tucson Mountains and west of the Rincon and Santa Rita
Mountains. It is the area dominated by the rapidly growing population of metropolitan Tucson. The data are
presented by maps of the ground-water surface and its relation to the land surface, the changes in water
level in a nine-year period, 1947 to 1956. A map of the quality of ground water is given. Tables of water
measurements made by the Agricultural Engineering Department of the University of Arizona since 1908 are
included. In some instances, the 1956 measurements were the extremes, both deepest and shallowest.
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Summary

This short book and adjoining graphs address surface flow data. It is somewhat unique in is usage of flow
data from locations such as Lochiel, Nogales, Patagonia, and the Sonoita Creek, with flow data either coming
from the Santa Cruz River or one of its tributaries.

Author provided abstract

Streamflow records obtained in the upper Santa Cruz River basin of southern Arizona, United States, and
northern Sonora, Mexico, have been analyzed to aid in the appraisal of the surface-water resources of the
area. Records are available for 15 sites, and the length of record ranges from 60 years for the gaging station
on the Santa Cruz River at Tucson to 6 years for Pantano ash near Vail. The analysis provides information on
flow duration, low-flow frequency and magnitude, flood-volume frequency and magnitude, and storage
requirements for maintain selected draft rates. Flood-peak information collected from the gaging stations
has been projected on a regional basis from which estimates of flood magnitude and frequency may be
made for any site in the basin. Most streams in the 3503-square-mile basin are ephemeral. Ground water
sustains low flows only at Santa Cruz Rive near Nogales, Sonoita Creek near Patagoina, and Pantano Wash
near Vail. Elsewhere, flow occurs only in direct response to precipitation. The median number of days per
year in which there is no flow ranges from 4 at Sonoita Creek near Patagonia to 335 at Rillito Creek near
Tucson. The streamflow is extremely variable from year to year, and annual flows have a coefficient of
variation close to or exceeding unity at most stations. Although the amount of flow in the basin is small most
of the time, the area is subject to floods. Most floods result from high-intensity precipitation cause by
thunderstorms during the period July to September, Occasionally, when snowfall at lower altitudes is
followed by rain, winder floods produce large volumes of flow.
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Summary

Anderson is an engineer based in Coolidge, Arizona. His report provides analysis on the state of groundwater
pumping and above ground flow of the Santa Cruz River. While the author recognizes the importance of the
Mexican part of the Upper Santa Cruz Basin, he does not use very much data on the river in that region to
create his description of the river valley.

Author provided abstract

The Santa Cruz River, the principal stream within the Upper Santa Cruz basin, is an international stream. The
surface and underground waters of the stream and basin form the basic water supply for the irrigation of the
valley lands, and for stock and municipal use in Mexico, in Santa Cruz County, Arizona, and in valley areas to
the north thereof.
About 65% of the basin above Nogales gaging station lies in Mexico. The flow of the stream is erratic with
seasonal runoff volumes varying between wide limits. Long term average annual runoff at the Nogales
gaging station is approximately 15,000 acre feet, with indicated average annual depletion in Mexico of about
7,000 acre feet. There are no regulating structures on the stream. No agreement exists for the division or
distribution of the stream flows.
Irrigable areas within the valley in Santa Cruz County are almost fully developed with about 6,000 acres now
under irrigation. The supply is derived chiefly by pumping from ground waters. In Mexico, about 2,400 acres
are now under irrigation, with existing opportunity for considerable expansion. The supply in Mexico is
obtained by pumping and by gravity diversions.
Basically, the water supply problem in the basin within Santa Cruz County is three-fold: (a) seasonal
deficiencies in stream flow with increased demand cause acute shortage in agricultural and municipal supply
during extended periods of drought; (b) there exists the threat that damaging flood flows may occur on the
main stream or on Sonoita Creek at any time, and (c) the lack of agreement between the United States and
Mexico regarding division of stream flows creates uncertainty as to future water supply at the lower
boundary line opposite Nogales, Arizona.
Surveys and investigations have been made on ground water resources and on the feasibility of flood control
structures within the Arizona portion of the upper basin. Sites so far surveyed for flood control have not
been found economically feasible for development. Investigations within the basin in Mexico are being
carried on.
Preliminary approach seeking international agreement has been made to the United States Department of
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State as indicated by files of the Arizona Interstate Stream Commission.
Considerable past effort on the part of public bodies and interested individuals, pursued at eh domestic
level, has not resulted in the formulation of a definite plan of improvement.
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Summary

The study area for this report is from Red Rock, north of Tucson south to Tumacacori. Thus the study only
covers about half of Santa Cruz County. The modeled area encompasses 1619 square miles and the
boundaries were selected based on conformance with previous USGS water studies. Aside from the limited
spatial connection to the binational aquifer region, the study presents unique insights towards the
characteristics of groundwater and the usage of such in the Upper Santa Cruz Valley.

Author provided abstract

The Upper Santa Cruz basin and Avra Valley (USC/AVR) in southeastern Arizona are located in one of the
most heavily populated regions of Arizona. Tucson, the largest city in the area, is dependent solely on
groundwater resources for a water supply. Over the past 50 years Tucson and the surrounding area has
undergone dramatic growth which has severely stressed the water resources to a point where management
of the resource is needed.
Due to expressed concerns of local water users, as well as various State agencies, as study was proposed by
the Department of Water Resources (DWR) which would assimilate available groundwater data into a single
comprehensive data base, thus among other things, avoiding duplication of data collection and study efforts
by the various entities. The data base would be used to generate input for a digital groundwater model.
In the spring of 1980, the Arizona Water commission, not e Arizona Department of Water Resources, began
the digital groundwater model study of the Upper Santa Cruz basin and the Avra Valley. The study was
conducted by the staff of the Hydrology Division of the Department of Water Resources using funding
provided by the State. The study was restricted to the collection of historical (1960-1979) data and no new
field investigations were undertaken for this study.
The cooperation of the various water users and data collectors in the USC/AVR are was solicited. Numerous
data requests were made of these water users and the data provided form the foundation of the data base.
The data base was synthesized into the necessary computer format needed for operation of the digital
model. The results of the study are a large comprehensive data base and a calibrated and verified digital
groundwater model.
The purpose of the study included two objectives. First to establish a complete computerized groundwater
data base for the study area (see fig 1.). Second, to develop a digital groundwater model that can be utilized
by the DWR and local agencies in their groundwater planning and management programs and as a guide for
future data collection efforts.
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A two-dimensional digital finite-difference groundwater model was selected as the method of investigation
the groundwater system. The use of a two-dimensional model was adopted based on the fact that the
groundwater flow system generally reacts as a two-dimensional system.
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Summary

The report provides a variety of information on different aspects nearly the entirety of both the San Pedro
and Santa Cruz river basins. Of importance include the geology, water budget, groundwater supply, and
quality issues for the Santa Cruz Active Management Area. Water usage is also broken down for the SCAMA,
highlighting the role agriculture plays in the region. Agriculture is also described along the Mexican side of
the Santa Cruz River, highlighting wells, irrigation quantity, and crop production. In general, the report
provides a good amount of baseline data for the regions, and can provide useful information for a variety of
different interests.

Author provided abstract

This report examines the water resource issues of two relatively small transboundary rivers- the San Pedro
River and the Santa Cruz River- that cross the U.S.-Mexico border between the states of Arizona and Sonora.
Both rivers flow into the Gila River which in turn joins the Colorado River north of Yuma, Arizona. Although
both river basins are small compared to those of the Colorado River and the Rio Grande (further east), they
do illustrate a number of important issues in transboundary water resources management, and highlight the
challenges of managing water sustainably in a region of rapid growth and very limited water resources.
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Summary

This one-page map designates different stretches of the Santa Cruz, San Pedro, and Sulpher Springs Valley as
Critical Ground Water Areas. The map also illustrates the status of different irrigated lands in the region. The
following four categories are presented: Irrigated Land- 1972, 2. New Irrigated Land 1963-1972, 3. Irrigated
Land Abandoned, 4. Irrigated Land withdrawn for urban use. There are several sites in southern Santa Cruz
County which are shown as either categories 1,3, or 4. No part of the San Rafael Valley is represented by any
of the 4 categories.

Author provided abstract

no text included
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Summary

This map illustrates depth to water in 100 foot increments from 0-700 feet below the surface. Some areas
are designated as “not analyzed” and mountainous areas or with rocky outcroppings are not assigned data.
The San Rafael Valley ranges from 0-400 feet, while the Santa Cruz Valley in Santa Cruz County has similar
contour lines.
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no text included
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Summary

This map analyzes the change in ground water levels (mostly declines) during a 30 year period. The intervals
for the contour mapping vary between 10, 15, 50, 75, and 100 feet. The San Rafael Valley was not included
in the current analysis, but the Santa Cruz River Valley from the international border, northwards illustrates a
<10 foot decline up to the Pima County line.
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no text included
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Summary

Eight wells within Santa Cruz County are shown on this map. Two are located along the Santa Cruz River
along the micro-basin stretch just northeast of Nogales, Arizona. Three wells from the Tubac area are shown,
as well as one along the Sopori Wash in northern Santa Cruz County. The other two wells of interest are
located on the Sonoita Creek near Patagonia. The last well located in Santa Cruz County appears to be in the
Cienega Creek Drainage north of the town of Sonoita. The wells located along the Santa Cruz River
microbasins are illustrated as being of medium Sodium (Alkali) Hazard as well as medium Salinity Hazard.
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This map provides soil classification data for the Santa Cruz and San Pedro River Basins. The San Rafael Valley
is classified primarily as White House – Bernardino Association which is deep, clayey soils, 2 to 8 percent
slopes, and where the vegetation is dominantly brush and grass. The Santa Cruz River channel, after
returning to the United States is classified as both Lampshire-Graham-Rock Outcrop Association and ComoroAnthony-Grabe Association; this second classification continuing north to Sahuarita.
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Summary

This map illustrates the region from the International border, centered on Nogales, north to Tubac. The map
does not follow the river from the point where it enters the United States, but ends at about the micro basin
region at Highway 82. A total of 83 wells were used to provide the analysis. Seismic surveys at different
stretches of the river provide estimates for different levels of younger and older alluvium, as well as for the
size of saturated young alluvium.

Author provided abstract

Seismic refraction was used to obtain information about the subsurface units that control the location and
movement of ground water in the study area. The seismic surveys were analyzed in the framework of known
geology and drillers’ logs to determine the cross-sectional area of the stream-channel alluvium. Seismic data
were collected using and EG&G Geometrics Model 2415 24 –channel signal-enhancement seismograph. An
interactive personal computer program for interpreting seismic-refraction data was use to model the field
data.
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Summary

This map describes the chemical quality conditions for a variety of wells both in the San Rafael Valley as well
as along the Santa Cruz River east and north of Nogales. Data from the Nogales Wash is also provided. Each
well gives data on specific conductance and fluoride concentration. Springs are also tested and shown on the
map for the same characteristics. Certain sites were chosen to describe chemical quality for sodium, calcium,
magnesium, chloride, bicarbonate, and sulfate. In Santa Cruz County 20 wells are analyzed for the preceding
qualities indicators.

Author provided abstract

The groundwater generally is of suitable chemical quality for most uses in all seven subareas of the Upper
Santa Cruz basin area. Specific conductance values for groundwater samples collected form wells and springs
range from 40 to 2600 micromhos per centimeter at 25 degrees Celsius and dissolved-solids concentrations
estimated from specific conductance values range from 24 to 1560 milligrams per liter (mg/L). The dissolvedsolids concentration exceeds the maximum contaminant level in fifty-nine of the 491 samples analyzed.
Groundwater that contains dissolved solids in excess of this limit occurs in all seven sub-areas but a
concentration of it is present in the Tucson subarea along the Santa Cruz River between Cortaro and Jaynes.
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Summary

This map provides data for the change in groundwater levels. A variety of wells (different depths and usessome unused) are sampled to create the profile of groundwater level declines or rises along the Santa Cruz
and San Pedro Rivers. Of importance to this study is one well sampled in the San Rafael Valley, and one well
located near the joining of Sonoita Creek with the Santa Cruz River- in which water levels are considered to
have risen by approximately 20 feet during the study period. The San Rafael site exhibited almost no change
in water level.

Author provided abstract

Water-level changes in the Upper Santa Cruz basin area between 1953 and 1982 range from more than 30
feet of rise to more than 150 feet of decline. The water-level changes vary between and within the subarea
because of differences in groundwater conditions, groundwater use, and the amount of groundwater
withdrawn.
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Summary

This map uses many data points to create contours of depth to water and groundwater elevation. The San
Rafael Valley alone contains some two-dozen data points from wells in the area. These provide a useful
guide to groundwater levels throughout the Santa Cruz and San Pedro River basins. Water level contours of
50 and 100 feet throughout the region under study are also show. Aside from wells, some springs are also
illustrated.

Author provided abstract

Groundwater in the Upper Santa Cruz basin area occurs in the sedimentary rocks ans alluvium that underlie
the Santa Cruz and San Rafael Valleys and the Cienega Creek drainage. In general, groundwater in the Upper
Santa Cruz basin area is under water-table (unconfined) conditions; however, it may occur under artesian
(confined) or perched conditions. These units may yield from a few to more than a thousand gallons per
minute of water to properly constructed wells. Minor amounts of groundwater occur in the thin alluvium in
stream channels that drain the mountains surrounding the basin area, and in fractured and weathered
volcanic, granitic, metamorphic, and sedimentary rocks that comprise the mountains. Thor the purpose of
discussing groundwater conditions, the hydrogeology, depth to groundwater, and changes in water level in
the sedimentary rocks and alluvium that underlie the basin area, the basin area has been divided into seven
subareas (see inset). They are: the Tucson, Pantano Sahuarita-Continental, Amado-Tubac, CalabasasNogales, San Rafael Valley, and Sonoita subareas.
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Summary

This report outlines the quality issues at hand with the Nogales Wash originating in Mexico. The logistics of
water treatment at the NIWWTP are presented, but the situation at hand is monitoring practices on both
sides of the border. The report describes how a binational monitoring project was developed, and provides
data from sampling done on both sides of the border.

Author provided abstract

Water pollution is one of the principal environmental and public health problems facing the U.S./Mexico
Border area. Deficiencies in the treatment of wastewater, the disposal of untreated effluent, and the
inadequate operation and maintenance of treatment plants result in health risks to border communities. In
some cases raw or insufficiently treated wastewater flows to surface and groundwater sources in urban and
rural areas. In addition, potential contamination to groundwater from point sources exists in the area due to
the increased industrial activity on both sides of the border. Groundwater is the major drinking water source
for most border communities. Binational efforts are being undertaken under the U.S./Mexico Border 21
program to address these concerns. This binational program has also identified surface water and
groundwater quality monitoring as an objective to characterize and determine the status of and changes in
water resources in the border area. Also, it has identified the need to collect and analyze water quality data
using standard sampling methodologies on both sides of the border. This paper describes the efforts that the
Arizona Department of Environmental Quality has undertaken in participating on binational water quality
projects in the Arizona-Sonora border. Two different approaches for binational cooperation on water quality
monitoring will be presented. Water quality data collected and analyzed by both countries using commonly
agreed sampling methodologies and data quality objectives will be presented and discussed.
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Summary

The map covers an area from the Santa Cruz Valley east to the San Rafael Valley. It uses as a base
topographical 7.5’ quadrangle maps for Lochiel, Nogales, Buena Vista, and Kino Springs. This map describes
the region using a variety of different geologic classifications. For example, the San Rafael Valley is describes
almost entirely as Younger Alluvium and talus from the Quaternary Period and Older Alluvium from the
Quaternary and Tertiary Period.

Author provided abstract

no text included
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Summary

7.5 minute topographical map of Ambos Nogales. Provides elevation contours in 20 ft intervals. Map is about
1/3 – U.S. and 2/3 Mexico.
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no text included
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Summary

7.5 minute topographical map of the section of the Santa Cruz River in which it crosses from Mexico, north
into the United States. Provides elevation contours in 20 ft intervals. Map is about 1/3 – U.S. and 2/3 Mexico.
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no text included
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Summary

7.5 minute topographical map of the southeastern portion of the San Rafael Valley, containing the
headwaters of the Santa Cruz River, and the location where the river enters Mexico. Provides elevation
contours in 20 ft intervals. Map is about 1/3 – U.S. and 2/3 Mexico.
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Summary

This report provides data on four wells located in the Arroyo Los Nogales, in Nogales, Sonora. The wells are
used for water supply for industrial demand in the city. The report provides a short summary of the
development of industry in the city over the last 50 years. Five wells are monitored for physio-chemical and
quality analysis. Four of the previously mentioned wells are sampled for aquifer levels. The wells themselves
are also described in depth, diameter(s), as well as pumping and measuring ability. Perhaps the most
important data included is that of annual energy consumption and water pumpage per well.

Author provided abstract

El acuífero de Nogales, se sitúa en la cuenca del Río Santa Cruz, y su principal fuente de recarga es el Arroyo
Nogales, el cual fluye de México hacia los Estados Unidos, pasando por el centro del área urbana e industrial
de Ambos Nogales (Arizona y Sonora). Este estudio fue realizado en cuatro pozos, mismos que localizan en la
Región Hidrológica Noroeste, Cuenca del Río Santa Cruz y Acuífero del Arroyo Nogales, los cuales son fuente
de abastecimiento industrial de la ciudad de Nogales, Sonora.

Other Publishing Info

Instituto Tecnologico de Sonora, Direccion de Recursos Naturales, departamento de Ciencias del Agua y del
Medio Ambiente

URL Link
mentioned?
Keyword 1 - place

Arroyo Los Nogales

Keyword 2 - discipline

Pumpage

Keyword 3 - discipline

Quality

Keyword 4- other

Industry

Language

spanish

Location

CEA Sonora

location details

Matin Mexia

Remaining review issues
Wednesday, August 25, 2010

Page 120 of 263

Remaining review issues

ID

72

Prinicpal Author- Last Name

Gonzalez-Enriquez

Principal Author- First Name

Rodrigo

Other Authors
Year Published

1996

Title

The Transboundary Aquifer of Ambos Nogales: A Controversial Source of Shared Potable Water

Type of Material

Academic Report

Thesis/Dissertation
Degree/Title obtained
Academic Institution
UA Department
Journal Article?
Journal Title
Issue
Volume
Edition
Pages
Book Title
Editors
ADWR Report
Modeling Report #
Map
Number of Pages

7

Summary

This presentation describes the hydrogeological conditions of the Santa Cruz Basin, Arroyo Los Nogales, and
Los Alisos Basin, which all serve to supplement the municipal water supply for Nogales, Sonora. Potable
water supply and wastewater treatment systems are described as well as contamination issues as a cause of
faulty distribution lines. This presentation was given at a binational geohydrology symposium and is a broad
description of the issues facing water managers in Nogales, Sonora at the time of publication.

Author provided abstract

Por las características hidrogeológicas de la región, los acuíferos presentes, son de tipo libre y de origen
structural constituidos por depósitos aluviales, producto de la erosion de las rocas preexistentes localizadas
en los valles del Río Santa Cruz y Los Alisos.
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Still need to see full report

Author provided abstract

Se realizó un estudio de calidad de agua y sediment en el Río Santa Cruz y Arroyo Los Nogales, Sonora,
Mexico. Se colectaron muestras de agua y sediment durante los meses de enero, abril, agosto, y octubre de
1997 en 9 estaciones de muestreo en el Río santa Cruz y 3 estaciones en el Arroyo Los Nogales, En el agua
superficial se analizaron los siguentes parámetros: potencial de hidrógeno (pH), temperature, sólidos
suspendidos, oxígeno disuelto, conductividad eléctica, dureza total, cloruros, sulfates, nitrógeno total,
nitrógeno de nitrates, nitógeno de nitrites, nitrógeno de amonio, fósforo total, alcalinidad total y metals
pesados totals (Cd, Cr Total, Cu, Pb y Zn), siguiendo la metodología recomendada (E.P.A., 1992; A.P.H.A.,
1995). En el sediment se determinaron los niveles de concentración de metales pesados totals (Cd, Cr Total,
Cu, Pb y Zn), incluyendo el contenido de material organic y humedad. De los parámetros evaluados en el
agua superficial del Río Santa Cruz, el nitrógeno de nitrates y nitrógeno de nitrites fueron los únicos que
excedieron los valores máximos permisibles establecidos en la norma official de calidad de agua (S.E.D.U.E.,
1989). Los valores más altos se observaron en la estación 6 (Paredes) durante el mes de enero de 1997; y los
valores más bajos se observaron en la estación 2 (Camino a Cananea) y la estación 4 (El Alamo) durante el
mismo mes. En cuanto a los niveles de metales pesados Cd, Cr Total, Cu, Pb, y Zn, se encontró que sus
concentraciones no exceden los Límites Máximos Permisibles de los Criterios Ecológicos (NOM, 001 ECOL
1996). El sediment del Río Santa Cruz, present los valores más bajos de metales pesados Cd, Cr Total, Cu, Pb,
y Zn comparado con los encontrados en otros ríos (San Pedro, Sonora, y Bacanuchi) y presas artificiales
(Presa Abelardo L. Rodríguez y El Molinito), e inclusive en el Arroyo Los Nogales. En el sediment del Arooyo
Los Nogales, los valores obtenidos de Cd, Cr Total, Cu, Pb y Zn fueron inferiors a los encontrados en los ríos
San Pedro, Sonora, y Bacanuchi, incluyendo la Presa Abelardo L. Rodríguez. Por otra parte, el Cd fue el único
metal que excedió los valores detectados en la presa el Molinito.
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Summary

This report presents data from testing on the Santa Cruz River and Nogales Wash in Mexico. Samples of
surface water were taken at both locations and tested for a variety of conditions. Sediment was also
analyzed at both locations. Much of the data from this report appears to come from a similar document
published two years prior by many of the same authors.

Author provided abstract

El Rio Santa Cruz (RSC) es de gran importancia económica, ecológica y social para la región fronteriza de
Nogales, Sonora, México y Nogales, Arizona, E.U.A., debido a que es la principal fuente de abastecimiento de
agua para diversos usos. El Arroyo Los Nogales (ALN) se origina al norte de Santa Elena, Sonora, su cauce
transcurre hacia E.U.A. en donde se une al RSC. Dicho arroyo recibe eventualmente descargas de desechos
industrials (principalmente maquiladoras) y aguas residuals domésticas.
A pesar de la importancia del RSC y ALN, la información disponible en cuante a calidad de agua y sediment es
escasa y dispersa en la región noroeste de México. Debido a lo anterior, se llevó a cabo el presente estudio,
realizándose un total de 4 muestreos durante los meses de Enero, Abril, Agosto y Octubre de 1997. Se
colectaron muestras de agua y sediment en 9 estaciones de muestreo distruibuidas en el cause del RSC y 3
en el ALN. En el agua superficial se evaluaron los siguientes parámetros: Físicos (Temperatura, Potencial de
Hidrógeno, etc.), Químicos (Oxígeno Disuelto, Cloruros, Metales Pesados (Cd, Cr total, Cu, Pb, y Zn), y
Nutrientes) y Microbiológicos (Mesófilos Aerobios, COliformes Totales, COliformes Fecales y Vibrio
Cholerae). En el sediment se evaluó el contenido de metales pesados (los mismos que en el agua superficial)
y material organic.
Los resultados obrentidos indicant que en el mes de Enero en la estación Paredes ubicada en el RSC se
detectaron concentraciones de N-No3 y N-No2 que rebasaron los valores establecidos en los Criterios
Ecológicos de Calidad de Agua (S.E.D.U.E., 1989). En el ALN se observe el valor más elevado de sólidos
suspendidos en la estación 3 durante el mes de Octubre, excediendo lo que stablece la Norma Mexicana
(NOM-001-ECOL-1996). Los niveles de concentración de metales pesados detectados en el agua superficial
tanto del RSC como en el ALN, fueron inferiores a los que establecen las normas citadas. Por otra parte, en el
RSC y ALN se detectaron niveles altos de mesófilos aerobios, coliformes totals y coliformes fecales, los cuales
excedieron los niveles recomendados (S.E.D.U.E, 1989). No se observe la presencia de Vibrio Cholerae en
ambos cuerpos de agua.
El sediment tanto del RSC como del ALN, presentaron valores bajos de metales pesados comparados con
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otros ríos (San Pedro, Sonora, Bacanuchi) localizados en el Estado de Sonora, los cuales presentan problems
de contaminación por metales pesados.
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Summary

This report provides analysis of water quality in the Mexican Santa Cruz River and also of riparian vegetation
near the sampling areas. The report describes the ecological conditions of the testing areas.

Author provided abstract

El Río Santa Cruz (RSC) es de gran importancia económica, ecológica y social a la región fronteriza de
Nogales, Sonora, Mexico y Nogales, Arizona, Estados Unidos de Norteamérica ya que proporciona agua para
usos domésticos, industrials, ganaderos, entre otros.
Estudios enfocados a conocer la relación que existe entre la calidad el agua y la respuesta de los
escurrimientos sobre la vegetación riparia son escasos y dispersos.
Para determiner la calidad del agua en el RSC se realizó un estudio durante el period 1995-1996 en dos
épocas del año, verano e invierno. Se colectaron muestras de agua superficial en 10 estaciones de muestreo
representativas a los alrgo del RSC. Los parámetros físicos analizados fueron: pH, conductividad eléctrica,
oxígeno disuelto, sólidos suspendidos y temperature; parámetros químicos: nitrógeno total, fósforo total,
dureza, sulfates, demanda química de oxígeno, metales (cadmio, cobre, plomo, cromo y zinc) y parámetros
microbiológicos (coliformes fecales y totals, mesofiílicos aeróbicos y Choleerae vibrum).
Los sitios de muesreo para la vegetación (8 x 20 m) se realizaron en los mismos sitions que los utilizados para
la calidad del agua con un total de 24 muestreos. Los parámetros evaluados fueronL densidad, diámetro
basal (15 cm. sobre la altura del suelo) y altura de los species arbóreas riparias dominantes.
Los resultados preliminaries en los análisis realizados indicant que el agua superficial del RSC es de buena
calidad ya que los valores encontrados no exceden los criterios ecológicos establecidos en la Norma Oficial.
En lo que respecta a vegetación, los árboles con mayor densidad fueron álamo Populus fremontii y suaz Salix
gooddingii y los arbustos fueron batamote Baccharis salicifolia y écota Hymenoclea monogryra.
Los resultados preliminaries relacionados a la vegetación indicant que el 40.1 porciento de la densidad total
del álamo en el RSC presenta un diámetro basal mayor a los 10 decímetros. La presencia de un alto
porcentaje de árboles maduros puede deberse a la falta de condiciones favorable en la germiniación,
sobrevivencia y desarrollo. Así como, a pertubaciones que impactan a los renuevos y a árboles jovenes,
como la baja tolerancia a la falta de humedad, pastoreo, entre otros. Por lo cual se sugiere realizar
investigaciones tendientes a lograr un manejo sostenible de la ribera del río y de la cuenca.
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Summary

This final report follows up and “interim report” published three years prior. The interim report contains
more detailed explanation of the groundwater sampling methodology for this study. This report outlines
sampling-well construction, as there is some difference in well depth between sampling locations. As some
wells were dug specifically for this study, soil samples were collected from these locations and analyzed for
VOCs and metals. Groundwater sampling for this study began on July 15, 1996 but only wells in Arizona were
sampled. The Sonora wells were included in the second round of sampling (April, 1997). Results from these
first two rounds were presented in the interim report. The third sampling round occurred in June 1997, a
fourth in September 1997 and a fifth in January 1998. A wide variety of contaminants (present in a range of
levels) were detected in the sampling. These include: petroleum hydrocarbons, tetrachloroethylene,
additional VOCs, Nitrate (as nitrogen), Iron, Manganese, Arsenic, and Coliforms. Concentrations at
individuals wells on both sides of the border are listed in the results section. Mexican samples were analyzed
in Mexican labs and US samples in US labs. Quality standards were exceeded in both Mexico and the US.
Arsenic occurred downstream from an abandoned landfill, yet potential sources for PCE were not identified.

Author provided abstract

Based on a binational agreement between the United States and Mexico, “Joint Report to the Principal
Engineers Relative to the Joint Monitoring of the Quality of Groundwaters to Determine the Presence of
Anthropogenic Contaminants in the Transboundary Aquifer in the Nogales, Arizona/Nogales, Sonora Area,”
dated January 25, 1996, a joint study was conducted of the quality of groundwaters aling the alluvial aquifer
of the Nogales, Wash. The Nogales Wash originates 8.6km (5.4 miles) south of the international boundary
between the United States and Mexico, and flows norht through Nogales, Sonora and Nogales, Arizona. The
objective of the study is to obtain reliable data concerning the quality of the groundwaters and the soil along
the Nogales Wash. The collection of these data can document whether or not surface activities and
discharges into the Nogales Wash have impaced the quality of the groundwater.
The following United States agencies were participants of the study: United States Section, IBWC; USEPA,
Region IX; ADEQ; Santa Cruz County Health Department; and the City of Nogales, Arizona. From Mexico, the
participants int eh study were representatives from the Mexican Section, IBWC; CNA; and the State
Commission on Potable Water and Sewerage in Sonora (COAPAES). The groundwater sampling teams were
comprised, as close as possibel, of the same numebr of water quality preofessionals from each countyr.
Thirtwen sampling wells on either side of the border were established, the majority of them drilled
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specifically for this study. The exceptions were two pre-existing monitoring wells just north of the
international boundary in Nogales, Arizona, one abandonded well at the COAPAES offices, and a potable
water well in Nogales, Sonora. The colelction of soil samples was conducted during the well drilling phase.
Well NGW-1 through 7 are located in Nogales, Sonora and NGW-8 though 13 are located in Nogales, Arizona.
The groundwatere samples were collected during a t total of five sampling events.
This report presents the final results obtained from the last three sampling events. During June 1997 all the
wells in Nogales, Arizona and Nogales, Sonora were sampled. Well NGW-5 was destroyed during a flood.
Therefore, it was not sampled in Septemebr 1997 nor February 1998. The last sampling event on February
1998 included only the wells that were not sampled during the first sampling event in July 1996 because
there were still under construction. Well NGW-13 was also included in the last sampling event since it was
not sampled in July 1996 due to a faulty pump. In addition, a sample from the international interceptor was
collected just north of the international border to provide additional information regarding the quality of the
wastewater conveyed through the interceptor and the influence that the interceptor may have on the
groundwater in wells NGW-8 and 9.
In June 1997, tetrachloroethylene (PCE) was detected in NGW-9 at a concentration exceeding the Arizona’s
Aquifer Water Quality Standards (AWQS) of 0.005 mg/l. PCE was also detected in wells NGW-5, NGW-6 and
NGW-7. The concentrations found at NGW-5 and NGW-7 exceeded the Mexican ecological water quality
criteria for drinking water supplies (Criterios Ecológicos de Calidad del Agua de Mexico (CECA) Para Fuente
de Abastecimiento de Agua Potable) or 0.008 mg/l for that compound. In addition, arsenic was detected in
wells NGW-10 and NGW-11, however, the levels did not exceed the AWQSs of 0.05 mg/l. High
concentrations of nitrate as nitrogen were detected in NGW-5, NGW-6, and NGW-7 exceeding the standard
of 5 mg/l. High conccentrations of nitrate as nitrogen were also detected in NGW-8, and NGW-10 exceeding
the AWQS of 10mg/l. Fecal coliform bacteria was present in NGW-1 and NGW-7 at levels that did not exceed
the CECA for drinking water sources.
In September 1997, PCE was detected in NGW-9, however, the concentration did not exceed the AWQS of
0.005 mg/l. Low levels of PCE were also detected in NGW-11. PCE was also detected in wells NGW-1, NGW-6
and NGW-7. The concentrations found at NGW-6 and NGW-7 exceeded the Mexican drinking water standard
of 0.008 mg/l and the AWQS of 0.005 mg/l. Arsenic was detected in NGW-11 exceedking the AWQS of 0.05
mg/l. High concentrations of nitrate as nitrogen were detexted in NGW-6 and NGW-7 exceeding the Mexican
drinking water standard of 5 mg/l. The nitrate concentrations found in NGW-8, and NGW-10 also exceeded
the AWQS of 10 mg/l. Total coliform bacteria were present in NGW-1, NGW-6 and NGW-7.
In February 1998, PCE was detected in NGW-6, NGW-7 and NGW-9. The concentrations in NGW-7 and NGW9 exceeded the AWQS of 0.005 mg/l. The concentration found at NGW-7 exceed the Mexican CECA of 0.008
mg/l. Low concentrations of arsenic were detected in wells of NGW-8 and NGW-9, however, the levels did
not exceed the AWQS of 0.05 mg/l. Concentrations of nitrate as nitrogen were also deteced in NGW-8 and
NGW-9. The nitrate concentrations found in NGW-8 exceeded the AWQS of 10 mg/l. Total coliform were
present in NGW-1 and NGW-4.
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Summary

This report uses data from pumping sites operated for Nogales, Sonora as well as stream gages in the US to
create a water balance for the binational Santa Cruz basin near Ambos Nogales. Water management on both
sides of the border is explained. Climate data and geologic conditions are also used to help set up the water
balance model.

Author provided abstract

El Río Santa Cruz, nace en territorio estadunidense para internarse en territorio mexicano y posteriormente
fluir a su país de orígen. Este río, es una microcuenca del Río Gila y este a su vez del Río Colorado, mismo
cuyo destio final está en las aguas mexicanas del Golfo de California. En un esquema global, el Río Colorado,
es uno de los mas largos y audalosos del mundo. Una pequeñísima parte, aproximadamente un 0.5 por
ciento de su cuenca es compartida con México, de los cuales, la Cuenca Binacional del Río Santa Cruz solo
representa l 29.36 por ciento, ó sea un 0.14 por ciento del área total de drenaje del Colorado, sin embargo,
sus aguas han dado vida al desarrollo de una región compartida por una más de las ciudades gemelas
existents en la frontera de México con los Estados Unidos, en este caso: “Ambos Nogales” con una población
conjunta de más de 200,000 habitantes, cubriendo por mucho tiempo el 100 por ciento de sus demandas de
agua, sin dejar de mencionar el desarrollo que tuvieron por cientos de años los tribus indígenas en las riberas
de las aguas del río.
En el presente estudio se seleccionó un área de 1320.6 kilómetros cuadrados, que representa a la cuenca
binacional del Río Santa Cruz, de las cuales, un 66 por ciento del área total de drenaje están dentro territorio
mexicano. En ésta área se aplica una ecuación de balance de aguas superficiales, que a simple vista es muy
sencilla de entender, sin embargo, la complejidad de la estimación de cada una de las variables hidrológicas
que la compnen como son: precipitación, evapotranpiración, escurrimientos superficiales, escurrimientos
subsuperficiales y con estas el cálculo de un potencial de almacenameinto ó recarga para la cuenca, hacen
que el presente estudio adquiera una gran validez en material de conociminetos básicos de una región
hidrológica como suministro del recurso vital, que por condiciones naturals es compartida y competida gota
a gota, en una región ubicada en condiciones climáticas de aridez, correspondents al noroeste de México y al
surest de los Estados Unidos.
Como apoyo, se utilize la información hidrometerorológica existente en la región y cuyos datos han sido
registrados y almacendados por la Comisión Internacional de Límites y Aguas entre México y los Estados
Unidos, y difundidos a través de boletínes hidrométricos anuales. En un principio se planteó estimar el
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balance para el period de 1950 a 1991, sin embargo, los períodos anuales en que se tenían cada una de las
variable de la ecuación en forma completa solo se logró cubrir el period de 1960-1991. La información
analizada generó una base de datos realizada en hojas electrónicas, considerada una contribución muy
importante de la presente investigación.
A parte de las contribuciones de este estudion en el conocimiento de nuestra principal fuente de agua, se
estimó que la cuence binacional del Río Santa Cruz tiene un potencial de regarca estimado en una base
annual de 24.22 millones de metros cúbicos equivalents a 19,635 ares-pies/año, y en función de esto se
concluye con algunas estimaciones de extracciones que ayuden a mantener regimens de explotación con
equilibrio.
Comparando los esquemas de explotación actual por los principales demandadores de agua, en este caso
Ambos Nogales, tenemos que estos no han sobrepasado la capacidad, la región ha pasado por grandes
problemas de suministro, sobre todo el lado mexicano, debido a la gran variabilidad temporal y especial con
que se presentan las variables hidrológicas como la precipitación y los escurrimientos. Dicha variación es
sensiblemente captada en los datos analizados y se obtuvieron con análisis probabilísticos de los eventos, la
generación de gráficas de apoyo que sercierán a future para los planeadores y tomadores de decisions en el
uso y manejo del agua. Además se incorpoa un análisis de las demandas futures de las comunidades de
Nogales, Arizona y Nogales, Sonora, para sus suministros de agua, considerándose análisis demográficos
existents en ambas ciudades.
Con este trabajo se pretende hacer una contribución al conocimiento de nuestras cuencas de captación,
mediante el entendimiento de su naturalez y de la intensidad de sus procesos físicos que dictan sus
potencialidades para brindar agua. Con la especial particularidad que tienen las cuencas compartidas entre
dos países, manejadas con esquemas administrativos y lefistavo muy distintos y que finalmente tendrán que
converger en bien de la entabilidad de una región binacional que no reconoce fronteras.
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Summary

This report provides data on the sectors of water supply in Nogales, Sonora that need improvements. The
report is straight-forward about the deficits in the municipal water-supply system, and provides ideas for
where and how improvements should be made. The report provides figures regarding service area in the
urban footprint such as hours of service, and the percent of city residents which receive potable water or
sewer service. The report outlines the well-field production using maps and figures for levels of production.
It also provides plans for a sewage treatment plant and a main water supply ring around the city. In general
this report gives details on many plans for the City of Nogales, Sonora which 10 years later have yet to be
realized.

Author provided abstract

La ciudad de Nogales constituye un importante polo de desarrollo dentro del estado, ya que esta situada en
la principal via de comunicacion del estado de Sonora con los Estados Unidos de NorteAmerica, canalizando
un gran porcentaje del intercambio commercial y turistico de la region noroeste de mexico con el vecino
pais. Aunado a lo anterior, el desarrollo de la industria maquiladore en esta ciudad ha generado un
increment muy dinamico de su poblacion, registrando en la ultima decada un ritmo de crecimiento a una
tasa madea del 4.5% o superior, misma que ha sobrepasado al correspondiente a los servicios basicos como
lo son el suministro de agua potable, el alcantarillado sanitario y saneamiento de sus aguas residuals. Lo
anterior, demanda el esfuerzo conjunto de todas las instancias de gobierno, de la iniciativa privada y de los
usuarios directamente beneficiados para lograr brindarlos servicios al 100% de la poblacion. Los sistema de
agua potable y alcantarillado de la ciudad de Nogales, Sonora son insuficientes para atender las demandas
del 100% de la poblacion. Se require la construccion de obras de ampliacion, rehabilitacion y reforzamiento
para eliminar el deficit actual de estos servicios, y garantizar su atencion a la poblacion futura. En el renglon
de saneamiento, aunque actualmente se trate el 100% de las aguas residuals de la ciudad, es prioritario
construer las obras requeridas para garantizar el manejo de estas aguas en el mediano y largo plazo;
garantizando al mismo tiempo el aprovechamiento de los volumenes tratados.
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Summary

This report, published by the Sonoran State Government, describes the surface water and ground water
resources available for usage by the region of Nogales, Sonora. The focus areas for such description include
the Arroyo Cocospera, Rio Los Alisos, Rio Santa Cruz, and the Arroyo Planchas de Plata. Groundwater
descriptions are limited to the Santa Cruz and Los Alisos basins. Groundwater quality is addressed for the Los
Alisos and Santa Cruz basins describing a variety of chemical indicators. The methodology for such analysis is
not provided. Well fields and filtration gallery are described, as well as being drawn in a schematic to show
how the supply chain works for the city of Nogales, Sonora. Production levels for certain wells in the Santa
Cruz basin are given as yearly or seasonal averages.

Author provided abstract

El plan estatal de desarrollo 1992-1997 diagnostic que durante la decada anterior , la perdida de dinamismo
en las actividades Agropecuarias, frente al rapido crecimiento da la Industria, Comercio y Servicios, fue la
principal razon que origino que el numero de habitants en poblaciones pequenas, declinara en terminos
absolutes mientras que las tasas de crecimiento en localidades medianas y grandes se incrementaran
rapidamente.
Como resultado de ello, la rapida expansion de las areas urbanas causan el crecimiento anaquico de las
ciudades, creando varios desequilibrios en el ordenamiento territorial de las poblaciones y en la dotacion
adecuada de servicios publicos basicos, tales como agua potable, drenaje, electricidad y pavimentacion.
Esta situacion es aun mas acentuada en las localidades fronterizas ya que contienen dos elementos
fuertemente atrayentes de las Corrientes migratorias: por un lado, en ellas se han asentado con mayor
frecuencia las industrias maquiladores de exportacion con uso intensive de mano de obra, mismas que
demandan para sus procesos productivos, reducida calificacion laboral. Por otro lado, las ciudades de la
Frontera Norte del pais, se constituyen como un trampolin para los flujos de indocumentados, que buscan
ingreso en Estados Unidos de America.
Ambos factores, se suman al crecimiento normal de las referidas localidades dando por resultado que en las
ciudadees fronterizas se agudicen los problemas y desigualdades socials.
Por otra parte, la estategia Nacional de Desarollo Economico, contenida en el Tratado de Libre Comercio,
implica la creacion de nuevos canals comerciales Norte-Sur, por lo que es necesario que las ciudades
Fronterizas, cuentan con una infraestructura urbana de soporte al increment esperado en las actividades
productivas y comerciales. Esto es, que se require equipar a las Froneteras con los servicios basicos que
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sustenten y posibiliten un mayor dinamismo economic o y para que ofrezcan una mejor imagen.
En resumen, se trata de que las ciudades Fronterizas de Mexico, esten con posibilidades de equiparse a sus
similares del lado Norteamericano y que sus carencias de Infraestructura Urbana, no signifiquen un
obstaculo para el Desarollo.
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The data collected and the analysis thereof, as described in this report, let the author to develop the
following conclusions:
1. The recent alluvium underlying the inner valley of the Santa Cruz River in this area investigated has
excellent water-bearing characteristics and yields ground water of good to excellent quality for municipal
use. An undesirable feature of the alluvium is the relatively small total volume in which a proportionately
small total quantity of ground water can be stored.
2. The principal source of recharge to the alluvium is infiltration of flood runoff in the Santa Cruz Rive. The
recharge rate is relatively high when the water table is at a low stage, provided runoff occurs at such a time.
3. The City of Nogales, Arizona, obtains its water supply from an infiltration gallery constructed beneath the
Santa Cruz River close to the State Highway No. 82 bridge. During the spring of 1963 and until June 30, the
water level at the pumping station reached such a low stage that pumping had to be curtailed.
4. The most important cause of the severe water shortage was lack of flood runoff to provide recharge.
Drought conditions in the 12 months ending June 30, 1963, were equaled only twice before during the
period for which runoff data are available: 1913-1914 and 1918-1919. The 1963 drought ended in late June.
Runoff was practically continuous in July and August, and precipitation in Southern Arizona in August is
reported to be as high or higher than any time in the past 50 years. The water level at the Nogales pumping
station had risen 50 feet by the end of August.
5. In order for the City of Nogales to avoid further water shortages during the next few years a
supplementary supply must be developed.
6. The Nogales formation(conglomerate and associated beds) is not considered capable of yielding water to
wells on the basis of present knowledge.
7. Statistics on the long-term capability of the alluvium as an aquifer are as follows: table included here
8. It is technically possible to develop short-term supplemental water supplies from the alluvium of the Santa
Cruz River at the following places: table included here. In addition, it may be possible to develop a small
supplementary supply in the valley of Potrero Canyon about 4 miles northwest of Nogales
9. Exclusive of the cost of acquiring land for well sites and/or water rights, the most assured supplemental
ground-water supply to construct and operate is considered to be a development in the Calabasas subarea.
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10. Exclusive of the cost of acquiring land for well sites and/or water rights, the most convenient short-term
ground-water supply to construct and operate is considered to be a combination of a development near the
International Boundary (250 ac-ft per year) , a subsurface dam at he Burro canyon Damsite (330+ ac-ft per
year_ and a development in the Guebabi subarea (300-400 ac-ft per year)
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Summary

The purpose of this report is to clarify the author’s opinion on some of the geohydrological resources in the
upper Santa Cruz River Valley. The reason for such clarification is due to a previous report being used by
governmental agencies, and their formation of policy. The authors stress the difference in the
geohydrological structure of the upper and mid Santa Cruz River Valley, specifically the difference between
the region from the international border downstream to the area around Tubac, and that of the Tucson
Basin. The authors discuss the potential (and in some areas-already enacted) groundwater mining, and how
the potential exploitation of such resources is not equal throughout the river valley.

Author provided abstract

In March 1994 the creation of a new Active management Area out of part of the Tucson Active Management
Area is under consideration by the legislature of the State of Arizona. For the first time a hydrologic basin is
going to be delineated on the basis of hydrologic fact rather than political bargain. We are gratified that our
1988 report (Halpenny, Leonard C., and Halpenny, Philip C., 1988, Review of the hydrogeology of the Santa
Cruz Basin in the vicinity of the Santa Cruz-Pima County line: Water Development Corporation, Tucson,
consultant report) prepared at the request of the Board of Supervisors of Santa Cruz County AMA. We are
concerned, however, that in discussions concerning development of a Management Plan for the new AMA,
some of the concepts in that report, and subsequent concepts developed following additional work in the
valley of the Santa Cruz by our firm, seem to us to be misinterpreted. We would like to clarify and summarize
a perspective of the geohydrology of the area, based on work which the firm and its employees have done
intermittently over a period of 43 years. The work is considerable and represents detailed data collection at
many sites throughout the valley.
The general conclusion of the 1988 report was that hydrologic characteristics differed in that part of the
Santa Cruz basin in Santa Cruz County from those in the Tucson basin, and that the division took place
approximately at the County line (actually the south end of the Canoa Land Grant, whose boundaries were
determined historically from the geohydrology) where the valley of the river widens as the line of the
bedrock of the Santa Rita mountains changes from north-south to trend northeast, from Elephant Head
north. From a relatively narrow basin between mountain ranges in Santa Cruz County the Tucson basin
consists of a vary large alluvial basin, a “bowl” with a diameter of some 40 miles, bounded on the
south/southeast by the Santa Rita/Empire Mountains, on the east by the Rincon Mountains, on the north by
the Catalina Mountains and on the west by the Tucson/Sierrita Mountains.
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Summary

This report is a response by Santa Cruz Valley government to analyze the effect of groundwater pumping in
the Tucson Basin on water supplies in the upper Santa Cruz River. The authors use a combination of
historical scientific and anecdotal data, coupled with well test data to describe the hydrological conditions of
the Santa Cruz River valley in Santa Cruz County.

Author provided abstract

The hydrogeologic review discussed in this report has led to development of the following conclusions:
1. The aquifer systems of Pima and Santa Cruz County are connected hydrologically, but differ in fundamental
hydrogeologic aspects, with the transition zone at the slightly north of the Pima-Santa Cruz County Line. The
differences include differences in the aquifer materials, their distribution and extent in both width and
depth, and their hydraulic properties.
2. The valley of the Santa Cruz River in Pima County has been severely overdeveloped. The valley of the Santa
Cruz River in Santa Cruz County is in a “safe yield” category and has not been overdeveloped. It is not likely
to be overdeveloped in the future. The reasons are geologic and hydraulic. The valley in Pima County is wide
and deep, which constitutes a reservoir of groundwater that can be mined. The valley in Santa Cruz County is
narrow and shallow, so that available reserves are relatively limited, but the aquifer is easily recharged.
3. For most of more than 200 years (1775 to 1988) the Santa Cruz River has flowed in Santa Cruz County but
has been dry in Pima County as far north as San Xavier Mission, an indication that the aquifer system in
Santa Cruz County remains full. Water levels in Santa Cruz County have remained constant on a long-term
basis but have declined in Pima County.
4. It is considered likely that the Arizona State Legislature erred when the Santa Cruz County portion of the
Upper Santa Cruz Basin was included within the Tucson Active Management Area, because the groundwater
supply in Santa Cruz County was not overdeveloped in 1980 and cannot be more than locally and
temporarily overdeveloped in the future. Accordingly, application in Santa Cruz County of the conservation
measures mandated in the First and Second and subsequent Management Plans of the Tucson AMA cannot
alleviate the overdevelopment of the groundwater supply in Pima County.
5. The final chapter (Chapter 8) of this report review the efforts in the late 1940s and early 1950s to control
ground water mining in Arizona. At Hearings held in 1952 and 1954 on the possible need to control
groundwater withdrawal in Santa Cruz County, the conclusion, for some of the same geologic and hydraulic
reasons given in this report, was that control was not warranted and a “Critical Area” designation was not
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made (equivalent, in that time and context, to an AMA).
6. New or increased development of groundwater along the Santa Cruz River north of the Santa Cruz-Pima
County Line is not considered likely to drain much water northward across the County Line, because of
substantial differences in transmissivity of the aquifer system and of volume stored in it.
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This consultant’s report explores different options for wastewater treatment in Ambos Nogales. Under the
framework of approved funding by the USEPA through the USIBWC, the consultants were asked to describe
different possibilities in light on necessary expansion of treatment quantity as well as changing quality
regulations, by which a treatment facility within Arizona must meet. Riparian habitat downstream from the
NIWTP is considered in each treatment expansion option. There are three new options discussed which
include potential full or partial treatment facilities in Mexico, or rehabilitation of treatment facility(s) in
Arizona. The consultants suggest that “Alternative C” is the best option for the wastewater managers. This
options promotes the rehabilitation of sewage collection infrastructure in Ambos Nogales, as well as
renovation of the treatment facility in Arizona. This is not the most costly option, and it is also,
environmentally speaking, the best option, according to the consultants.

Author provided abstract

This Environmental Assessment (EA) is a stand-alone document developed parallel with and supportive of
the Ambos Nogales Facilities Plan. This EA satisfies the requirements of the National Environmental Policy
Act (NEPA) of 1969, the Council on Environmental Quality (CEQ) NEPA regulations (40 CFR Parts 1500–1508),
the Environmental Protection Agency (EPA) NEPA regulations (40 CFR Part 6), the International Boundary
and Water Commission (USIBWC) Final Operational Procedures for Implementing Section 102 of the National
Environmental Policy Act, and the Border Environment Cooperation Commission (BECC). The primary
purpose of the EA is to gather sufficient evidence and analysis for determining whether to prepare an
Environmental Impact Statement (EIS) or a Finding of No Significant Impact (FONSI). An EIS is required if
significant environmental impacts are anticipated.
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Summary

Using Ambos Nogales as a case study, this paper provides analysis of the wide ranging environmental and
developmental issues connected to the area. Sub headings within the paper are as follows: “Borders Create
Economic Opportunities that Increase Stress on Natural Resources” where the case of the maquiladora
industry is examined, which both attracts large numbers of immigrants to work in the industry as impedes
environmental sanitation. “Borders Aggravate Perceived Inequalities” because, in the case of Ambos
Nogales, the water provision systems differ greatly in efficiency, yet border each other immediately at the
international boundary. “Borders Marginalize Residents’ Interests in Policy” describes how differing levels of
policy makers and enforcers overlap in the border region, often discouraging local residents from engaging in
the political process due to perceived complicatedness. “Borders Obstruct Grassroots Problem Solving”
where the case of the Aquiférico project in Nogales, Sonora is highlighted and illustrates, how, as the authors
state “The border creates a dividing line where issues of national sovereignty dominate over common
interests and shared resources of the border communities”.

Author provided abstract

The desert community of Ambos Nogales, which sits astride the border that divides the state of Arizona in
the U.S. and the state of Sonora in Mexico, exemplifies several transnational water problems, including
surface and groundwater contamination, inadequate and inequitably distributed water supplies, flash
flooding and endangered riparian habitat. In Ambos Nogales, these problems exist on a scale that can be
comprehended, confronted and resolved. Ambos Nogales, which comprises the “twin” municipalities of
Nogales, Arizona and Nogales, Sonora, has a combined population of about 370,000. While this is definitely
large enough to present a challenge to water resource management in an arid region, it is no so large as to
represent an intractable problem or to preclude sustainable development altogether.
A study of Ambos Nogales also demonstrates local mobilization of resources and the creation of binational
institutions to deal with border area problems. In Ambos Nogales, a tradition of grassroots binational
collaboration on some water issues may facilitate the discovery and implementation of mutually agreedupon and jointly implemented solutions. Although great differences exist in terms of their historic and
current capacity, effectiveness and influence, both national and locally-based nongovernmental
environmental and social organizations in Mexico and the U.S. are now beginning to play an increasingly
important role in the formation of environmental policy in the border region. However, this case study
suggests that successful bilateral management of water resources will involve increasing the capacity of
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grassroots actors, particularly on the Mexican side of the border, to mobilize and to operate effectively in
the political arena. It will also necessitate building some bridges over the major divides introduced by
political boundaries. At least five such major divisions exist in the U.S.-Mexico border region, and the
institutions that serve border communities could be better designed to bridge those divisions.
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Summary

This map is a random designation of the Nogales Wash coupled with parts of the Santa Cruz River basin. The
designation of this aquifer system is unclear, with the Arroyo Los Nogales definitely included, along with
other drainage areas to the north and east. The summary suggests that agriculture is a principal activity,
although there is little agriculture in the Nogales Wash area. The summary also suggests that there has been
industrial contamination from Mexican sources, without citing industrial contamination originating on the US
side.

Author provided abstract

El Sistema Acífero Transfronterizo Nogales está ubicado en la porción norte del Estado de Sonora, en
México, y en la porción sur del Estado de Arizona, en los EUA. La población está concentrada en las ciudades
gemelas de Nogales en que las actividades principales con la agricultura y la industria. El clima es seco, con
precipitación meno a 300 mm/a y evaporación mayor a 2000 mm/a. El acuífero, constituido por materiales
aluviales y rocas fisuradas, es de reducida extensión, poco espesor y permeabilidad media. La recarga es
pobre debido a la aridez de la región, en su mayor parte es generada en territorio mexicano. El agua
subterránea circula de México a EUA a través de la faja estrecha del arroyo Nogales, estimándose el caudal
de flujo en 2 mm3/a. La calidad del agua es aceptable, aunque se ha identificado contaminación de origen
industrial en territorio mexicano. El sistema es importante para el desarrollo urbano e industrial. El impacto
transfronterizo está más relacionado con la calidad, que con la cantidad: la contaminación del acuífero,
generada en México, puede propagarse a EUA y afectar la calidad del agua captada por los pozos
municipales de Nogales en Arizona. Además, el incremento de la extracción en la porción mexicana puede
interceptar el caudal de flujo subterráneo que pasa a través de la frontera internacional, de México a EUA.
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Sistemas Acuíferos Transfronterizos en las Américas: Evaluación Preliminar. Programa UNESCO / OEA-ISARM
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Summary

This description of the transboundary Santa Cruz aquifer includes the basin beginning in the San Rafael
Valley and follows the river downstream to a random designation north of Tucson. The description describes
most of the population being on the American side, which is correct, but incorrectly describes the population
as being mostly dedicated to agriculture. This is incorrect when considering the urban population of Tucson.
Also, the Mexican population is described as “fledgling” with “low density” which is also incorrect if
accounting for Nogales, Sonora. One reason for this classification may be that the authors associated the
Ambos Nogales population with the Nogales Wash transboundary watershed, which is described separately
in the report; nonetheless, the Nogales Wash watershed is part of the Santa Cruz, and its urban population
should be considered a part of it.

Author provided abstract

El Sistema Acuífero Transfronterizo Santa Cruz se localiza en la parte norte del Estado de Sonora, en México,
y en la parte sur de Arizona, en los EUA. La población está concentrada en la parte estadounidense y en su
mayor parte está dedicada a la agricultura; en territorio mexicano la densidad de población es baja y el
desarrollo incipiente. El clima regional es seco, con precipitación menor a 300 mm anuales y evaporación
potencial mayor a 2000 mm. El acuífero está constituido por materiales aluviales, conglomerados y rocas
volcánicas fisuradas; su extensión superficial y espesor son reducidos y su transmisividad es media. La
recarga es poco cuantiosa y en parte es originada en territorio mexicano al que le corresponde la parte
“aguas arriba” del sistema. La dirección principal del flujo subterráneo es de S a N, de México a EUA; el
caudal de flujo se estima en 1.7 mm3/a. La calidad natural del agua subterránea es buena y no se han
identificado focos importantes de contaminación. El sistema es importante para el desarrollo en EUA y para
el desarrollo urbano en México. En territorio mexicano hay una creciente exportación de agua subterránea
del valle de Santa Cruz para el abastecimiento de la población de Nogales; En territorio de EUA, existe un
campo de pozos que suministran agua a la población de Nogales en Arizona. El incremento de la extracción
de agua subterránea en la porción mexicana puede reducir y aun anular el caudal de flujo que pasa de
México a EUA.
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Summary

This study outlines a variety of issues affecting the Ambos Nogales community in respect to water supplies.
The geography of the area is outlined, as well as the surface water conditions, using USGS gages and
information from Mexico on the Magdalena basin. Groundwater conditions are outlined using data on the
regional geology as well as recharge, storage and movement, and discharge. Elements of the groundwater
budget are discussed. The Nogales, Arizona and Sonora water supply and distribution systems, and
wastewater collection systems are described, using a remote sensing graphic. A water quality sampling
program was carried out as part of the project, on both sides of the border. Methodology and results are
given.

Author provided abstract

The twin cities of Nogales, Sonora, Mexico and Nogales, Arizona, USA are experiencing rapid expansion
because of continuing commercial and industrial growth and urban immigration along the border. The
primary water supply for both communities is groundwater pumped independently by each community from
aquifers which underlie the Santa Cruz River and its tributaries, principally Nogales Wash and Potrero Creek.
Water flow through the streams and aquifers is generally from south-to-north. Wastewater from both
communities enters a common sewerage system and is treated in Arizona near the confluence of the Santa
Cruz River and Potrero Creek. Nogales Wash receives inflows from leaks in sewage and water supply lines as
well as occasional storm runoff. The alluvium underlying and bordering the wash receives recharge from the
wash, and from leaking water and sewer lines. The water supply and sewerage systems on the southern side
of the border are less competent and in need of repair, and probably contribute to much of the recharge.
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Summary

This publication is a compendium of sampling results of effluent released by the Nogales International
Wastewater Treatment Plant. It contains no text and no information on the sampling methodology. The
cover states that it is an annex to the Ambos Nogales Water Resources Study: Santa Cruz Watershed and
Nogales, Arizona. Sampling dates are listed, along with values representing different analysis of a variety of
organic and inorganic materials which were sampled.
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does not exist

Other Publishing Info

Prepared by Technical Task Group, The Udall Center for Studies in Public Policy. Funded by a grant from The
Ford Foundation, New York

URL Link
mentioned?
Keyword 1 - place

Quality

Keyword 2 - discipline

Effluent

Keyword 3 - discipline

Monitoring

Keyword 4- other
Language

english

Location

Udall Center

location details
Remaining review issues

Wednesday, August 25, 2010

Page 152 of 263

ID

89

Prinicpal Author- Last Name

Bradley

Principal Author- First Name

Michael D.

Other Authors

Kenneth J. DeCook

Year Published

1978

Title

Ground Water Occurrence and Utilization in the Arizona-Sonora Border Region

Type of Material

Journal Article

Thesis/Dissertation
Degree/Title obtained
Academic Institution
UA Department
Journal Article?
Journal Title

Natural Resources Journal

Issue
Volume

18

Edition
Pages

29-48

Book Title
Editors
ADWR Report
Modeling Report #
Map
Number of Pages

20

Summary

The majority of this article is dedicated to irrigation and groundwater issues in the Yuma Valley and near San
Luis, Arizona. Only a small amount of information is provided on the situation of Ambos Nogales, and some
pumping data is provided for Nogales, Arizona. Almost no other sites are discussed, despite the abstract
suggestion that it would provide an overall view of the Arizona-Sonora border.

Author provided abstract

This article discusses ground water resources along the Arizona-Sonora border from Yuma, Arizona to the
Douglas-Río Yaqui region in Eastern Arizona. Transfrontier physiography and geology are reviewed to
understand the physical occurrence of groundwater, its storage movement, depth, and availability. The
border region is divided into five zones or basins for ground-water supply; then the utilization of
groundwater resources is detailed, included kings of development and production, water quality
considerations, and present and future resource supply problems. Particular attention is paid to the
extensive pumping proposals at San Luis, Sonora near the Colorado River. The need for better institutional
arrangements to plan and manage the conjunctive use of both surface and ground water supplies is
discussed as a summary conclusion.
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Summary

This paper provides a lengthy discussion on many issues related to water demand and scarcity issues in the
Ambos Nogales area. The authors discuss the resources that have been developed to supply the cities, and
the distinct hydrogeological nature of each resource. They discuss the history of demand, coupled with
trends in climate, and the potential effect of drought from the past century on present-day demand. A
variety of recommendations are provided to counter potential vulnerability in light of climate change
(drought) and increasing urban growth/usage.

Author provided abstract

An analysis of the potential impacts of severe drought on long-range water resource management in
Nogales, Arizona, reveals that insufficient attention is paid to the potential combined impacts of such a
drought on the water systems of Nogales, Arizona and Nogales, Sonora. Most notable, effluent is an
increasingly important renewable water resource for meeting demand in both communities. Today, most of
the effluent is produced in Nogales, Sonora and flows across the border to Nogales Arizona. Effluent form
both cities is treated on the Arizona side of the border at the Nogales International Wastewater treatment
Plant (NIWWTP). The treated water flows northward, recharging the aquifer and supporting a lush stretch of
riparian vegetation and habitat along the Santa Cruz River. Should Mexico choose to retain its portion of the
effluent currently treated at the NIWWTP, then Nogales, Arizona could experience significant declines in
water availability. Under extended drought conditions, this water source could likely become even more
important and could generate negotiations for retaining the effluent in Sonora, or receiving compensation
from Arizona. A parallel sensitivity analysis of the urban waste system in Nogales, Sonora, an in-depth
analysis of the implications of climate variability for water policy on both sides of the border, and greater
availability and use of climate information are needed to address such potential stresses on transboundary
water resources.
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Summary

This report provides analysis of groundwater management conditions across the US-Mexico border. Eight
subareas are described, along with a breakdown of institutional and political issues associated with water
management. Special attention is given to the 1992 National Water Law in Mexico as well as Minute 242 of
the IBWC. Specifically related to the Santa Cruz, there are two pages of text. Safe yield conditions are
described for the Santa Cruz Active Management Area, as well as pumping, distribution and drainage issues
in Mexico and into the U.S.

Author provided abstract

Since the occurrence of groundwater is controlled by geology, it is useful in geologically complex areas like
North America to delineate subareas that have similar groundwater conditions. In the United States-Mexico
border area, water-related issues are best characterized by dividing the region into eight subareas with
similar hydrologic and physiographic properties. From a shared-water resources perspective, the United
States-Mexico border area comprises approximately 157,600 square miles (408,185 square kilometers)
expanding roughly 1920 miles (3090 kilometers) between the Gulf of Mexico and the Pacific Ocean. The
range of the hydrologic border is 45 to 285.2 kilometers from the international boundary. The eight subareas
in the border area that have similar hydrologic and geologic properties are: the Pacific Basins/Salton Trough
(subarea 1); the Colorado River/Sea of Cortez (subarea 2); the Mexican Highlands (subarea 3); the
Mimbres/Animas Basins (subarea 4); the upper Rio Grande River (subarea 5); the Rio Grande from the Rio
Conchos to Amistad Dam (subarea 6); the Rio Grande from Amistad Dam to Falcon Dam (subarea 7); and the
Lower Rio Grande Valley (subarea 8).

Other Publishing Info

Report submitted to the Commission on Environmental Cooperation, Montreal (Quebec), Canada under
Contract, Project 95.23.01 The Mexico-United States Canada Transboundary Inland Water Project.
December 1996.

URL Link
mentioned?
Keyword 1 - place

Geology

Keyword 2 - discipline

Hydrology

Keyword 3 - discipline

Management

Wednesday, August 25, 2010

Page 157 of 263

Keyword 3 - discipline

Management

Keyword 4- other

Urban Growth

Language

english

Location

Udall Center

location details
Remaining review issues

Wednesday, August 25, 2010

Page 158 of 263

ID

92

Prinicpal Author- Last Name

Sanchez

Principal Author- First Name

Roberto A.

Other Authors

Francisco Lara V.

Year Published

1992

Title

Transboundary Water Management of Both Nogales': Strategies for Nogales, Sonora

Type of Material

Academic Report

Thesis/Dissertation
Degree/Title obtained
Academic Institution
UA Department
Journal Article?
Journal Title
Issue
Volume
Edition
Pages
Book Title
Editors
ADWR Report
Modeling Report #
Map
Number of Pages

248

Summary

This extensive report outlines the factors which affect water supply and distribution in Nogales, Sonora. The
report was commissioned by the Ford Foundation, and prepared by researchers at the Colegio de la
Frontera, based in Tijuana. The city is analyzed spatially, dividing water issues by different colonias. A wide
variety of figures are provided which relate water management issues specific to different parts of the city.
This report is definitely an authoritative publication of water management issues in Nogales, Sonora during
the early 1990s.

Author provided abstract

Los resultados de nuestro estudio en Nogales destacaron una amplia gama de consecuencias sociales poco
consideradas hasta ahora en el estudio y manejo del problema del agua: la creciente inequidad entre grupos
sociales en términos de su capacidad de acceso al agua y su costo por unidad; una sobrestimación en la
población que realmente cuenta con el servicio regular de agua; un costo aún no estimado de los efectos de
la contaminación en las fuentes de abasto del propio recurso y su desigual distribución entre grupos sociales;
el impacto del elevado consume de agua entre los grupos de mayor ingreso y las zonas industriales sobre los
escasos recursos públicos; un deterioro significativo del poder adquisitivo de los grupos de menor ingreso
que agravan aún más sus ya precarias condiciones de vida, acentuándose la desigualdad en el abasto y
acceso de este servicio.
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Summary

The majority of this report deals with transboundary waters along the U.S.-Mexico border in a “border-wide”
jurisdictional approach. Although the author promotes a case-by-case study, he refers the region
comprehensively for most of this paper. A small amount of space is dedicated to describing particular areas
of the border, one of which is the binational Santa Cruz River. Increased growth, particularly in Nogales,
Sonora, and its effect on water supply is noted. In general, this paper does not address the Santa Cruz as a
priority setting, dealing rather with the entire border region, in a holistic approach.

Author provided abstract

This study examines the prospects for settling the most important land-based natural resource controversy
on the U.S.-Mexico relations agenda, that over the ownership of unapportioned groundwater beneath the
U.S.-Mexico border. A preliminary review of the origin and background of the current groundwater dispute
provides an overview of the hydrologic, economic, and management aspects involved. This is followed by
character profiles of groundwater disputes along various sections of the international boundary, from the
lower Rio Grande Valley to the Tijuana-San Diego estuary, on which the author bases his identification of the
principal obstacles to achieving a groundwater treaty. The most unyielding of these arise from the systemic
political differences between the two countries, differences which, the study argues, preclude a number of
solutions in international law for resolving the groundwater dispute. Among the remaining options the most
politically viable approach is one that is based on the doctrine of equitable apportionment, employing a caseby-case rather than comprehensive approach to resolving groundwater disputes. The study concludes with a
scenario for settling the groundwater controversy predicated on elaborating the jurisdiction of the
International Boundary and Water Commission, United States and Mexico, and emulating the pattern of
jurisdictional expansion found in preceding non-treaty agreements.
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Summary

This study examines the effect of (apparently) abandoned mines and mine tailings on a watershed located on
the northwest side of the Patagonia Mountains. This drainage feeds into the Sonoita Creek which flows into
the Santa Cruz River at Rio Rico. The mines and mine tailings are adversely affecting water quality. Potential
risk from non-point source pollution is modeled. When taking into account extreme weather events such as
100-year floods, such risk could potentially pose serious problems to local residents.

Author provided abstract

This study investigates the application of models traditionally used to estimate erosion and sediment
deposition to assess the potential risk of water quality impairment resulting from metal-bearing materials
related to mining and mineralization. An integrated watershed analysis using Geographic Information
Systems (GIS) based tools was undertaken to examine erosion and sediment transport characteristics within
the watersheds. Estimates of stream deposits of sediment from mine tailings were related to the chemistry
of surface water to assess the effectiveness of the methodology to assess the risk of acid mine-drainage
being dispersed downstream of abandoned tailings and waste rock piles. A watershed analysis was
performed in the Patagonia Mountains in southeastern Arizona which has seen substantial mining and
where recent water quality samples have reported acidic surface waters. This research demonstrates an
improvement of the ability to predict streams that are likely to have severely degraded water quality as a
result of past mining activities.
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Summary

This article addresses issues along the entire U.S.-Mexico border region in general. It does use the case of the
Santa Cruz River and Ambos Nogales a variety of times, thought. Potable water supply and wastewater
connections for Nogales, Sonora are mentioned, as well as pollution issues in the Nogales Wash. The
relationship between international and binational regulatory and lending institutions with municipal-level
agencies is also outlined, using the case of the creation of a revamped municipal water supply network in
Nogales, Sonora.

Author provided abstract

The US-Mexico border region illustrates the challenges of binational environmental management in the
context of a harsh physical environment, rapid growth, and economic integration. Transboundary and
shared resources and conflicts include limited surface water supplies, depletion of groundwater, air and
water pollution, hazardous waste, and conservation of important natural ecosystems. Public policy
responses to environmental problems on the border include binational institutions such as the IBWC, BECC
and CEC, the latter two established in response to environmental concerns about the North American Free
Trade Agreement (NAFTA). Environmental social movements and nongovernmental organizations have also
become important agents in the region. These new institutions and social movements are especially
interesting on the Mexican side of the border where political and economic conditions have often limited
environmental enforcement and conservation, and where recent policy changes also include changes in land
and water law, political democratization, and government decentralization.
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Summary

This report addresses evaporation in an approximately 10-mile stretch of the Santa Cruz River north of
Nogales and south of Tubac. According to the paper’s conclusion, “evaporation from short riparian
vegetation is always low, while evaporation for tall riparian vegetation can be larger but is strongly
dependent on the availability of soil moisture. In terms of the volume of water evaporated from the study
reach, the evaporation from irrigated agriculture is very important and accounts for almost half of the total
loss. The majority of the remaining evaporation is from the taller riparian vegetation covers, with about onequarter of the total loss coming from the obligatory phreato-phytes, primarily cottonwood.”

Author provided abstract

Measurements of micrometeorological variables were made for a complete annual cycle using an automatic
weather station and two energy budget-Bowen ratio systems at a field site adjacent to the Santa Cruz River
in southern Arizona. These data were used to provide the basis of an estimate of the evaporation from a onemile long losing reach of a riparian corridor in this semi-arid environment. A remotely sensed map of
vegetation cover was used to stratify the corridor into five categories of surface cover. The total evaporation
was calculated as the area-weighted average of the measured evaporation for sampled areas of the two
most common covers, and appropriate estimates of evaporation for the less common covers. Measurements
showed a substantial, seasonally dependent evaporation from the taller, deep-rooted riparian cover in the
study reach, while the short, sparse vegetation provided little evaporation. In terms of the volume of water
evaporated from the study reach, the evaporation from irrigated agriculture accounts for almost half of the
total loss, while the majority of the remaining evaporation is from the taller riparian vegetation covers, with
about one-quarter of the total loss estimated as coming from obligatory phreatophytes, primarily
cottonwood.
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Summary

This map uses a UGSG topographical map (1956-62) as a base. The mineral construction materials in the San
Rafael Valley, Nogales Wash and Santa Cruz River include sand, silt and gravel. Mt. Benedict, located
between the Nogales Wash and the Santa Cruz River is designated as “granitic rocks”.
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Summary

This map uses a UGSG topographical map (1956-62) as a base. The San Rafael Valley is described as
“Grassland- grassy phase”, the Santa Cruz River Valley and Nogales Wash are described as “Grasslandwoody phase”. The map delineates zones of “deciduous riparian forest” some of which is found in the
Sonoita Creek and along both the Nogales Wash and Santa Cruz River.

Author provided abstract

The vegetation of the Tucson area is remarkably varied- that of the semiarid plains and valleys is short and
sparse, and that of the mountains is tall and dense. The diversity and areal change of plant communities and
climate in the Tucson area duplicate changes normally found over may hundreds of miles. The marked plant
and climatic diversity is caused by great altitude change in short horizontal distance, from the desert to the
mountain top. For example, forests comparable to those near the mountain summits are to be found at the
altitude of the Sonoran desert only 700 miles or more to the north. Because of the sharp gradations in
temperature and moisture with changes in altitude and because plants respond to these climatic gradations,
mountain vegetation occurs in more of less easily recognizable zones. Although differences in topography,
geology, and soil may produce irregularities in the zonal boundaries, the sequences and altitudinal range of
the vegetation zones generally are predictable. Vegetation changes with increasing altitude are shown in the
following hypothetical profile (Marshall, 1957; Lowe, 1964).
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Summary

This map uses a UGSG topographical map (Ajo 1953-69, Tucson and Nogales 1956-62) as a base. The middle
part of the San Rafael Valley and the eastern flank of the Santa Cruz River and Nogales Wash are described
as illustrating hardness in the groundwater supply. The San Rafael Valley is flanked by suitable water on
either side of the river channel. The Nogales Wash and Santa Cruz River are flanked on the west by suitable
groundwater supply along the river basin. The microbasin region is flanked on the east by suitable
groundwater supply.
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Summary

This map uses a UGSG topographical map (Ajo 1953-69, Lukeville 1963, Tucson and Nogales 1956-62) as a
base. This map estimates annual groundwater, surface flow, mountain front recharge, and tributary inflow
to different basin systems in south-central Arizona. The upper Santa Cruz valley is estimated to receive 500
acre-feet/year from Mexico. It is estimated that there are 8.2 million acre-feet of recoverable groundwater
in storage between land surface and 1200 feet below land surface in the upper Santa Cruz valle, which
stretches from the international border east of Nogales to the Santa Cruz-Pima County line. The upper Santa
Cruz Valley is also estimated to expend 22,000 acre-feet/year in consumptive use by crops and 2000 acrefeet/year in pumpage for industrial use. There is no estimation made for pumpage for public supply in Santa
Cruz County, suggesting that there was either less than 1000 acre-feet/year of pumpage during the study
period, or that no analysis was done. The USGS streamflow gaging station at Nogales is cited as measuring an
average discharge of 16,950 acre-feet/year over a 52-year flow record. There is no analysis of the San Rafael
Valley in this map.
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Summary

This map uses a UGSG topographical map (Ajo 1953-69, Tucson and Nogales 1956-62) as a base. This map
illustrates groundwater velocities and directions, mostly in major drainage areas. The San Rafael Valley is
shown as having an average groundwater velocity between 10-100 feet/year. The Santa Cruz River within
the San Rafael Valley is shown to have an average groundwater velocity between 1000-10,000 feet/year. A
similar pattern is shown for the Nogales Wash and north-flowing Santa Cruz River. The river channel
illustrates 1000-10,000 feet/year groundwater velocity, while the adjoining washes and foothills
demonstrate a 10-100 feet/year groundwater velocity. A small area lining the river channel north of the
confluence of the Nogales Wash and Santa Cruz River is shown as having a groundwater velocity of 100-1000
feet/year. Perhaps most interesting is the extent of the 10-100 feet/year groundwater velocity area in the
foothills and wash tributaries to the west of the Nogales Wash.

Author provided abstract

Estimates of the average velocities at which ground water moves though the uppermost few feet of
saturated alluvial deposits of the Tucson area are shown on the map. Arrows show representative directions
of ground-water movement; the estimated average velocity of movement is indicated by color. The
estimated ground-water velocities in the uppermost alluvial deposits of the Tucson area range from about 1
to nearly 10,000 feet (0.3 to 3000 meters) per year. The lowest velocities occur where the permeability of
the alluvial deposits is low or where water-level gradients are low. The highest velocities are found where
water can move through coarse steam-channel deposits. Ground –water velocities along Santa Cruz River
and Nogales Wash above their confluence are estimated to be greater than 6000 feet (1800 meters) per
year. From the confluence downstream to about the town of Continental velocities probably decrease to
less than 1500 feet (460 meters) per year. Most other areas shown in the highest velocity zone have groundwater movements estimated to range between 1000 and 1500 feet (300 to 460 meters) per year. All velocity
estimates shown are for the upper few feet of saturated deposits because it is assumed that most groundwater contamination by man will occur at or near the surface.
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Summary

This map uses a UGSG topographical map (Ajo 1953-69, Tucson and Nogales 1956-62) as a base. This map
describes the Santa Cruz River (including the San Rafael Valley and Nogales Wash) downstream to
approximately Tubac as having a dissolved solids content of less than 500 mg/l. At approximately Tubac
groundwater along the river channel is illustrated as having a dissolved solids content of between 500 and
1000 mg/l.

Author provided abstract

Dissolved solids is a term describing the amount of salts or mineral constituents in solution in water. It is
usually expressed as the weight of salts in a known volume of water, such as milligrams per liter (mg/l).
Dissolved solids does not include suspended mineral sediment or other solid material usually found to some
degree in all water. The dissolved-solids data are from discharge of wells that range in depth from a few
hundred feet to more than 3000 feet below land surface. Solid color shows areas in which sufficient data are
available for reasonable assurance of the indicated dissolved-solids concentration in ground water. Areas
known to yield water of different quality at depths greater than 500 to 2000 feet below land surface are
indicated by appropriately colored vertical lines. Uncolored areas are mainly consolidated sedimentary rocks
or crystalline igneous and metamorphic rocks that store relatively small amounts of water per unit area and
generally yield only enough water for stock, an individual homesite, or a ranch. The dissolved-solids content
of the water wielded by wells in the uncolored area is shown by appropriately-colored solid circles. Most of
the comments below refer to use of water in the area covered by this map.
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Summary

In respect to the Santa Cruz River, the most interesting part of this report is the idea to create a reservoir on
the Santa Cruz River precisely at the spot which the river crosses into the U.S. from Mexico. A dam would be
constructed in Arizona, which would force water to build up creating a body of water that traversed the
international border. The BOR estimates that the Nogales Dam and Reservoir could conserve an annual
average of 12,000 acre-feet of water. The text states that while the project would require an international
endeavor, it would be particularly beneficial to the United States because Nogales, Sonora could potentially
pump all of the groundwater in the Santa Cruz Basin prior to it getting to the U.S. Mexico could also build a
dam on the Santa Cruz inhibiting surface and groundwater flow to the north, where Nogales, AZ is
dependent upon the Santa Cruz.

Author provided abstract

The following is the Concluding Report on the San Pedro-Santa Cruz Project. The purpose of the investigation
was to evaluate the feasibility of developing the water resources of the San Pedro and Santa Cruz River
Basins. The potential of constructing various surface storage facilities in the Santa Cruz River Basin to provide
flood control in the lower Santa Cruz River and to provide supplemental municipal and industrial water
supplies to Nogales, Arizona, and Sonora, Mexico , was studied. No potential development was identified in
the San Pedro River Basin. For the most part, there is very little opportunity to economically develop the
surface water supplies in either of these basins; hence, ground-water development provides virtually the
whole water supply for the area. All development potentials in the Santa Cruz River Basin are flood control
oriented. The San Pedro River Basin appears to have sufficient ground-water supplies, and flood control is
not now an imperative requirement. The potential physical developments evaluated in the Santa Cruz River
Basin are strongly supported by local interests who in the past have suffered periodic flood or water supply
problems. However, it was disclosed as a result of the investigations that, without exception, the proposals
evaluated either do not meet standards of feasibility or are not politically viable at this time as full or partial
solutions to either water supply or flood control problems. Due to these conditions, the implementation of
the “Water Resources Planning Act” (Public Law 89-90) and the subsequent “Principles and Standards” as
specified in the Federal Register of September 10, 1973, would not have contributed to the development of
a viable plan or alternative plans. In the event that justification for additional studies should become
available, these and any other procedures applicable at that time will be followed.
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Summary

This extensive document aims to compile a broad range of baseline information on the Santa Cruz and San
Pedro river basins. The compendium includes the entire basin of each river from its upper reaches to each
respective confluence with the Gila River. Areas outside of Arizona, Mexico in the case of the Santa Cruz and
New Mexico in the case of the San Pedro, are not included in the analysis. This Resource Inventory addresses
issues such as geographical reach, climate, geology, mineral resources, water resources, plant cover, fish and
wildlife, land history, agriculture, and local economies, among other things. This resource inventory is a good
resource for any new-comer to the region interested in rapidly learning about regional issues associated with
the Santa Cruz and San Pedro river basins. The only drawback is the age of the inventory. Nonetheless, many
of the issues present in the mid 1970s are still pertinent today.

Author provided abstract

This inventory is concerned with resource availability, use, quality, problems, and needs. A companion
document titled Main Report Santa Cruz-San Pedro River Basin, August 1977, by the Arizona Water
Commission and USDA presents alternative plans formulated to maximize national economic development
and emphasize environmental quality. This inventory serves as the base for preparation of the Main Report.
The study has been closely coordinated with state agencies. The Arizona Water Commission was designated
by the Governor as contact agency and principal cooperator for the state in this activity. The study is
complementary to the Commission’s comprehensive water and related land planning activities. The ArizonaU.S. Department of Agriculture (USDA) study serves three objectives: (1) identifying and evaluating
alternative solutions to water and related land problems through eligible projects and programs of USDA, (2)
developing data and findings for consideration in the Water Commission’s state water planning activities,
and (3) providing data in support of negotiations with Mexico concerning division of international waters.
Although emphasis is placed on USDA projects and programs, opportunities for other agency projects and
programs will be pointed out where needed. The study will assist the department of Agriculture in making
the most effective use of its limited resources in the administration of departmental programs and projects.
It will serve also as a guide in coordinating related water and land resource activities of local, state, and
other federal agencies. Basic data developed during the course of the study will be available to expedite
further implementation studies of USDA as well as any studies by other agencies. This area was
recommended by the State for study because of the critical water and related land resource problems.
Although the average annual surface water yield is quite low, much of the cropland and a major portion of

Wednesday, August 25, 2010

Page 181 of 263

the urban area is subject to extensive flooding. Sediment derived from upstream areas causes extensive
damage to downstream areas. These conditions, along with planned and anticipated development and
growth, marked this as an area requiring early comprehensive investigation. The data presented in this
inventory will be useful in making general appraisals of future water, land, and plan resource problems and
development potentials and will serve as a base for subsequent planning. The USDA and the Arizona Water
Commission cooperated to assure comprehensive investigation of water and related land resource problems
and needs and to avoid duplications of effort. Use was made of resource data developed by other agencies
and organizations.
Other Publishing Info

This document was prepared pursuant to Section 6 of the Watershed Protection and Flood Prevention Act
(Public Law 566, 83rd Congress, 68 Stat. 66, as amended and supplemented). It presents a detailed inventory
of water and related land resources of the Santa Cruz-San Pedro River Basins, Arizona. This data served as
the information base for preparation of a companion document, titled Main Report, Santa Cruz-San Pedro
River basins, Arizona, U.S. Department of Agriculture, August 1977.
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Summary

This is a project proposal submitted to the Ford Foundation. The project is headed by the Colegio de la
Frontera Norte, and secondarily by Instituto Technologico de Sonora, and to a lesser degree by the Udall
Center and Center for Arid Land Studies at the University of Arizona. This proposal contains a list of project
components and budget for the 18 month program. The benefits and outputs suggested include monitoring
and evaluation of Ambos Nogales water quality, identification of social networks, increase communication
between water policy managers, community involvement, creation of a database on diagnosis and strategies
of local water issues. The overarching theme of the project is to exemplify the unique situation of water
management along the U.S.-Mexico border and the case of Ambos Nogales while suggestion alternatives to
improve the situation of water provision and sewage collection. Even though this is just a proposal, it does
not go into great depth regarding the exact plan of action for the project.

Author provided abstract

This project is part of an ongoing project addressing the bilateral issues, policies, and strategies of
transboundary water resources management in the Nogales’ region. The project is conceptualized as the
Mexican component of a binational effort, trying to catalyze creative, cooperative, and administrative
actions that build on existing formal and informal networks for addressing water resources issues. The
project will study water management problems in Nogales, Sonora, emphasizing three areas: the balance of
water resources (water quality and quantity), their use and future perspective; the social aspects of water
use, and the effects of its local and transboundary management; the analysis of the formal and informal
framework of water management and the identification of potential networks for addressing water issues
that promote cooperative action and effectiveness. Due to the scarcity of available and reliable data, the
study of Nogales, Sonora will cover a broad range of issues. The balance of water resources seeks to provide
a broad overview of water supply and consume in the two Nogales’ area. It establishes a monitoring
program to define the water quality in the Santa Cruz aquifer and in the Santa Cruz River, the most frequent
type of pollutants, and when possible what are their sources. This will give an estimate on how available
water resources are effected by pollution and what effects could be expected in its urban use. It also will
furnish and evaluation on the consequences of water pollution for each city and for the basin as a whole.
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Summary

This report provides an exclusive analysis of the Mexican reach of the Santa Cruz River. The report outlines
the methodology and results of quality and quantity monitoring that took place at different parts of the
Mexican reach of the river. Coliformes and E. Coli were detected at certain sampling points. Surface water
quantity was also measured at 9 sites along the river in Mexico. Due to pumping regimes, seasonality of
flow, localized geology, and surface water diversion there were a variety of measurements recorded. 9 sites
were also used to collect plant samples, all of which were identified creating a very useful compendium of
local flora. The list of the 247 identified species is present at the end of the document.

Author provided abstract

La colaboración internacional para la investigación, manejo y sensibilización de una cultura ecológica, son
primordiales dentro de los recursos naturales compartidos entre dos naciones, este es el caso del Río Santa
Cruz que comparten los Estados Unidos y México.
De igual manera, la colaboración entre la población, de la mano, con instituciones de educación e
investigación representan una estrategia para la conservación y restauración del Río Santa Cruz (RSC)
tendiente a lograr una mejor calidad de vida de los pobladores. La herramienta a utilizar, como una primera
fase de este proyecto, fueron los monitoreos de calidad y cantidad del agua y estudios vegetativos para ir
creando una unidad entre estas dos comunidades para el mejor entendimiento, respeto y manejo del RSC y
la cultura ecológica que los une.
En éste proyecto, participaron como lideres, el Departamento de Investigaciones Científicas y Tecnológicas
de la Universidad de Sonora (DICTUS) aprovechando las investigaciones realizadas, en el mismo río, y el
Sonoran Institute por la experiencia comunitaria (SI) en la comunidad de San Lázaro en el RSC, Sonora. Así
mismo, colaboraron la Universidad de Arizona, Tumacácori NHP, la escuela Montessori de Santa Cruz en
Tubac y la Presidencia del Municipio de Santa Cruz, Sonora.
Parte fundamental en el proyecto fue la participación de los estudiantes de las Telesecundarias de la región
(secundaria por televisión) que permitieron incrementar la participación comunitaria en estas actividades y
difusión de los resultados a través de los estudiantes. Así como, la difusión de los resultados se realizara a
través de pláticas, participación en congresos nacionales e internacionales, publicaciones, entre otros.
Para el desarrollo y éxito del proyecto, en ésta colaboración binacional que permite compartir experiencias
entre los pobladores existentes del Río Santa Cruz, fue el apoyo económico proporcionado por la
Colaboración de la Educación Superior en América del Norte (CONAHEC) como parte del convenio de
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colaboración establecido con la Universidad de Sonora (UNISON).
El Río Santa Cruz es una de las principales fuentes de abastecimiento de agua para las ciudades fronterizas
de Nogales Sonora, México y de Nogales Arizona, Estados Unidos de Norteamérica conocidas como Ambos
Nogales. La ubicación de esta cuenca, ofrece la oportunidad de conocer y coadyuvar a la solución de
problemas transfronterizos, mediante la generación de información básica, provocados por la utilización de
los recursos naturales, en este caso, el elemento agua; no solamente por la contaminación y/o
sobreexplotación superficial y subterránea que pudiera existir, sino también por la distribución equitativa de
la misma. Todo lo anterior, permitirá contar con herramientas para el uso, manejo, aprovechamiento y
conservación de los recursos compartidos de manera sostenible y con una participación binacional.
Los hábitats ribereños del RSC han sido alterados por diferentes causas en los últimos años, repercutiendo
en la flora, vegetación, calidad y cantidad de agua, entre otros. De allí la importancia, de seguir generando
conocimiento, intercambio de experiencias transfronterizas al nivel secundaria y científico, entrenamiento a
estudiantes en la obtención de información científica y su transferencia inmediata de los resultados
obtenidos.
Para cumplir con lo anterior se realizaron una serie de acciones para describir algunos aspectos de los
recursos naturales del Río Santa Cruz en Sonora, México. Por lo que los objetivos planteados fueron:
Other Publishing Info
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Summary

This article provides background on the sewage treatment situation of Ambos Nogales, and the binational
agreements providing the framework for such agreement. The author suggests that ownership and control
of treated Mexican effluent is out of synch, in that Mexico has the right to its effluent, but Arizona currently
has control of it, although binational agreements give Mexico the right to the effluent if they so desire. At
the same time, Arizona has become accustomed to the ecological benefits of the flow exiting the Nogales
International Wastewater Treatment Plant. The author presents three options for dealing with the different
between ownership and control, in which 1. Arizona would pay Mexico for the effluent, and retain
ownership and control, 2. Similar to option 1 but the treated effluent would be primarily destined to users
north of the SCAMA, and 3. Some or Mexico’s entire share would be returned to Mexico, probably to the
Mascareñas well field. The author states that now is a good time to discuss such issues, as there does not
currently exist conflict in regard to the effluent ownership/control disconnect.

Author provided abstract

The cities of Nogales, Arizona, and Nogales, Sonora (together known as Ambos Nogales) have many cultural
and historic bonds that tie them together. The communities also share surface and groundwater resources,
which have been the source of both cooperation and conflict. Population pressures have placed added
demand on the shared resources (see table 1) and have caused the communities to search for more water
sources to supplement traditional supplies. In addition, wastewater from both cities is treated nine miles
north of the border in Rio Rico, Arizona, at the Nogales International Wastewater Treatment Plant (NIWTP).
Ambos Nogales is located in a semiarid region with high climate variability characterized by frequent drought
and occasional serious flooding
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Summary

This is a chapter in a book compiled by Jose Luis Moreno of COLSON. In this chapter, Dick Kamp outlines
some of the water quality issues affecting Nogales, Sonora. Kamp describes both the testing and the
reporting process for possible contaminants in groundwater supplies for Nogales, Sonora. He describes some
findings by previous research on the water quality, but most of his chapter describes the process of
addressing the possible contamination situation, both by government, academia, and civil society. He also
describes his own personal dilemmas in respect to being involved in the testing and monitoring process, but
not being able to divulge results until certain reporting protocol has been meet on both sides of the border.

Author provided abstract

En este trabajo expondré la cuestión cada vez más importante de la respuesta binacional a las evidencias de
contaminación en ambos Nogales. Por ahora, me limitaré a la contaminación del agua. ¿Cómo podríamos
ganar e intercambiar información que afectara positivamente el bienestar de la población y que mitigara la
contaminación ocasionada por el desarrollo urbano e industrial?
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Summary

This official minute (227) of the IBWC describes the necessity for enlarging treatment facilities for Ambos
Nogales. It was agreed that the plant should be enlarged to handle anticipated loads for the year 1980 (13
years into the future) and that Mexico’s share of the cost would be 887,800 dollars. The commission also
decided that Mexico may dispose of part or all of its waste within Mexico when it considers such an action
advisable.

Author provided abstract

The Commission met in the office of the United States Section in El Paso, Texas at 10:00 a.m. on September
5, 1967, to consider the need for improving and enlarging the existing international facilities constructed in
1951 for the treatment and disposal of the sewage of the border cities of Nogales, Arizona and Nogales,
Sonora.
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Summary

This article provides an historical overview of wasterwater treatment in Ambos Nogales, throughout the
20th century. It describes the development of different treatment facilities, cumulating with the present-day
plant operated by the IBWC and the City of Nogales, Arizona. The authors then analyze the framework
surrounding binational wastewater treatment processes under the auspices of agencies such as BECC,
NADBank, and the IBWC/CILA. The context of Ambos Nogales remains a focal point for such discussion
although many of the issues are extrapolated to the entire US-Mexico border region, and examples from
different binational urban areas are used throughout the article.

Author provided abstract

Negotiations between the United States and Mexico over the scale, location, and financing of water
treatment facilities serving border twin cities are often protracted, leaving water pollution problems
unresolved for several years. Agreements reached have been reactive to immediate health emergencies,
limited in scope, and have failed to address market failures contributing to pollution in the first place.
Institutions and programs arising out of the La Paz Agreement and environmental concerns over NAFTA have
helped both nations plan, build, and finance new facilities in a more coordinated and proactive manner. Yet,
the goal of developing locally self-financing municipal water systems on both sides of the border has
remained elusive. To illustrate, we use a case study of negotiations over water resources shared by Nogales,
Arizona and Nogales, Sonora.
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Summary

Westland Resources, Inc prepared this environmental assessment as part of the process for requesting
support from the North American Development Bank (NADBank) and the Border Environmental Cooperation
Commission. The City of Nogales decided to replace a well in the Potrero Canyon wellfield, and Westland
Resources provided analysis for two different replacement sites. The consultants found that the preferred
option for well replacement was in Schoolhouse Canyon, which is the drainage into the Nogales Wash
directly south of Potrero Canyon, which is the area of the current wellfield. The second option would be to
place a well on a ridge along the southern border of Potrero Canyon.

Author provided abstract

This Environmental Assessment (EA) is a stand-along document developed in support of the replacement
well for the Potrero well field proposed by the City of Nogales. This EA satisfies the requirements of the
National Environmental Policy Act (NEPA) of 1969, The Council on Environmental Quality (CEQ) NEPA
regulations (40 CFR Parts 1500-1508), the Environmental Protection Agency (EPA) NEPA regulations (40 CFR
Part 6), and the Border Environmental Cooperation Commission (BECC) guidelines. The primary purpose of
the EA is to determine if a Finding of No Significant Impact (FONSI) can be prepared for the proposed action
described in the following sections. A FONSI precludes the need to complete an Environmental Impact
Statement (EIS), while a finding of potentially significant impact dictates that an EIS be prepared. The
findings of this EA support the preparation of a FONSI for the proposed well replacement project.
The City of Nogales is seeking federal funding from the NAD Bank through BECC to construct a replacement
well that can be efficiently integrated into the present water system infrastructure and will maintain current
levels of service consistent with the City’s Assured Water Supply (AWS) under the Arizona Department of
Water Resources (ADWR). This EA is being completed in support of the certification process.
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Summary

This report provides analysis of a proposed augmentation of the available water supply to the Guevavi Ranch
wellfield operated by the City of Nogales. The consultants worked alongside representatives form the City of
Nogales, Arizona Dept of Water Resources, U of A Hydrology Dept, and Arizona State Parks to explore the
options for pumping water out of Patagonia Lake and then transporting it by pipe to Guevavi Canyon, where
it would potentially flow within the streambed down to the Guevavi Ranch wellfield. Some of the issues
explored include appropriation of the water in the lake to the City, environmental impact due to the
construction of the pump/pipe system, potential losses to discharge below Patagonia Lake, as well as water
quality issues. WestLand Resources does not actually provide an opinion on the project, should it be pursued
or not, rather, they outline a variety of issues that must be addressed were the project to take a more
concrete form.

Author provided abstract

Entities within the Santa Cruz Active Management Area (AMA) have few alternatives to access renewable
surface water supplies other than those discharged from the International Wastewater Treatment Facility.
Patagonia Lake may provide a renewable water resource for the City of Nogales (City). The report provides a
feasibility assessment of conveying surface water from Patagonia Lake to the Guevavi Ranch wellfield. The
study evaluated the physical and institutional obstacles expected to be encountered with the collection of
water associated with the City’s surface water rights, and conveyance of that water through natural
waterways. This investigation integrated physical system modeling of precipitation-based effects to the
hydrologic stage of Patagonia Lake with limiting conditions arising from federal, state, and local
environmental protection actions.
Representatives from the City, the Arizona Department of Water Resources (ADWR), and the Arizona Stated
parks Department (ASP) were solicited to identify existing and potential institutional obstacles regarding the
collection and conveyance of Patagonia Lake water through natural waterways to recharge the City’s
Guevavi Ranch wellfield. Three existing and potential institutional obstacles were identified by the
interviewed agencies: 1) Endangered Species Act (ESA), 2) Surface Water Rights, and 3) Impacts on Patagonia
Lake Recreational Activities and Wildlife. Common concern among the entities included the City’s surface
water rights and their need for resolution prior to estimating the amount of water that could be collected
from Patagonia Lake and conveyed to the Guevavi Ranch wellfield. Ongoing negotiations facilitated by
ADWR will eventually lead to the determination of surface water rights in the Santa Cruz AMA.

Wednesday, August 25, 2010

Page 195 of 263

Another issue discussed during conversations with the City, ADWR, and ASP was Arizona Revised Statute 41511.20A which addresses the use of Patagonia Lake water for the City during emergency conditions. The
definition of an emergency is not clear from this statute nor is the quantity of water that would be allowed
for use by the City under emergency conditions. Assuming this condition occurs, there could be a conflict
with maintaining the integrity of recreational opportunities and wildlife habitat at the lake. It is also not clear
what this impact may have on meeting the requirements of the ESA for the protection of aquatic species
downstream in Sonoita Creek.
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Summary

This very complete report was commissioned by the City of Nogales, to analyze the assured water supply for
the City and consider potential options to increase water supply. The consulting agency, Cella Barr Associates
provides a very solid review of the state of hydrology and water management in Nogales, Arizona and also
addresses federal and local legal water issues from Mexico in Nogales, Sonora and the Santa Cruz River. The
consultants provide a variety of useful graphics and tables describing well measurements and geological
cross sections of the Nogales, Arizona water supply area. This report is one of the more thorough materials
which provides analysis of the water supply situation in Nogales, Arizona.

Author provided abstract

The Groundwater Management Act of 1980 stipulated that the Arizona Department of Water Resources
must manage the water resources within the state’s four Active Management Arias (AMA’s) to achieve “safe
yield” by the year 2025. To accomplish this, new subdivisions within these AMA’s must demonstrate the
existence of a 100-year assured water supply. At the same time, municipal and private water companies with
an allocation of Central Arizona Project (CAP) water are deemed to have an assured supply until the year
2000. At that point in time, the Department will perform a final assessment of the quantity of potable water
available to each of the water users in the AMA’s. This assessment will serve to limit the number of
customers served by affected water utilities unless new sources of water can be acquired. It must be
recognized, however, that all entities must prove water adequacy by the year 2001, whether or not a
contract is made to receive CAP water.
The City of Nogales relies predominantly upon well fields in the Upper Santa Cruz basin to supply their
municipal water needs. As local development continues, however, increased pressure is being placed upon
these systems. Through the City has an allocation of Colorado River water, the cost and time frames for
accessing this resource may be prohibitive. Given the impending final assessment; and, to properly evaluate
the costs and benefits of using their CAP allotment, the City proposes to quantify the volume of groundwater
and surface water resources available to meet the demand associated with the next 40 years of growth for
the next 100 years. It is for this reason, that the City of Nogales has retained the services of Cella Barr
Associates (CBA) to assist them in preparation of an assured water supply investigation.
In the following report, CBA has provided a description of the study area in terms of its geologic setting and
that relationship to the water bearing capabilities of individual units and configuration of the underlying
groundwater basins. The local aquifer characteristics are discussed along with information regarding the
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elements of water demand and future demographic projections. Alternative water resources such as CAP
supplies, effluent reuse and acquisition of surface water rights, are presented, and to the extent possible, are
quantifies, which should serve to meet the City’s goals for demonstrating the existence of a 100-year assured
water supply.
On a final note, in order to demonstrate the existence of an assured water suplly, it was necessary to
maintain a balance between the quantifiable potable resource and legislative goals set through the Tucson
AMA. In a preliminary scoping meeting (August 17, 1990) between the ADWR, City of Nogales, and CBA, it
was decided to approach the assured water supply investigation using criteria outlined in the Tucson AMA
Second Management Plan.
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Summary

This report analyzes the water availability of the Buena Vista area. This is the part of the Santa Cruz River
north of the international boundary, and south of the confluence with the Nogales Wash. This report
spatially includes three of the four micro-basins into the Buena Vista area; these being Buena Vista, Kino
Springs, and Highway 82. The authors provide a detailed analysis of inflow vs. outflow, both surface and
subterranean, compared to current as well as future demands. The authors suggest that there is between a
13% and 22% probability that river inflow is less than demand in any given year. This report was created in
response to potential residential development of the area, and by ADWR applications 33-46365 and 3346366.

Author provided abstract

Published data and data collected during field work were analyzed by the Hydrology division of the Arizona
Department of Water Resources to determine the effect of current and projected future uses of water on
the availability of appropriable water in the Buena Vista Area of the Upper Santa Cruz River drainage basin.
Conclusions drawn are based on a statistical analysis of inflows of water to the study area, and probabilities
that inflow will be insufficient to meet current and projected demands for water.

Other Publishing Info

Water Rights Support Unit, Special Studies Section, Hydrology Division, Arizona Department of Water
Resources

URL Link
mentioned?
Keyword 1 - place

Buena Vista

Keyword 2 - discipline

Hydrology

Keyword 3 - discipline

Water Budget

Keyword 4- other
Language

english

Location

City of Nogales

location details
Wednesday, August 25, 2010

Page 199 of 263

location details
Remaining review issues

Wednesday, August 25, 2010

Page 200 of 263

ID

116

Prinicpal Author- Last Name

John Carollo Engineers

Principal Author- First Name
Other Authors
Year Published

1979

Title

Nogales Wastewater Project Report- 1979

Type of Material

Consultant Report

Thesis/Dissertation
Degree/Title obtained
Academic Institution
UA Department
Journal Article?
Journal Title
Issue
Volume
Edition
Pages
Book Title
Editors
ADWR Report
Modeling Report #
Map
Number of Pages

159

Summary

This consultant’s report outlines different options for the disposal of wastewater originating from the
Nogales International Wastewater Treatment Plant. The consultants suggest that a prime option for disposal
of treated wastewater would be application to farming lands. Such an options would include the purchasing
of lands, construction of conveyance systems (canals and pipes), and management of lands. The consultants
suggest a variety of different sites within the Santa Cruz Valley, ranging from upstream of the treatment
plant, to the mining operations in Pima County, as sites for application of treated sewage to land. A second
option presented by the consultants would be the discharge of treated effluent into the Santa Cruz River.
The report also details the municipal collection system for wastewater in Nogales, Arizona.

Author provided abstract

This Report has been prepared to determine City of Nogales needs for interceptor sewer lines and improved
wastewater treatment facilities and to recommend a program to satisfy these needs.
The scope of this Report includes a physical, economical, and environmental evaluation of alternate plans.
Each alternate plan provides for compliance with State and Federal regulations and requirements.
The recommended plan of action is supported by specific cost-effective analysis and environmental
assessments.
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Summary

This analysis of the City of Nogales water works describes the present water supply and distribution systems
operated by the City, as well as projected needs in light of population growth. The consultants suggest that
the City will need to exploit new sources of groundwater if population does indeed grow at the rate
projected. The present site of groundwater extraction is the Yerba Buena Basin, which will not be adequate
by 1980. The consultants advise the City to tap into the Calabasas Basin area along the Santa Cruz River
south of the Treatment Plant prior to 1980, and after 1980 to tap resources at Patagonia Lake. The report
also suggests that the City build new storage reservoirs in the urban area, as well as replace downtown
water mains. Lastly, the study finds that current rates to users are not sufficient to making the water utility
self sufficient, and that rates should be increased.

Author provided abstract

This Report presents the results of our engineering study of the Nogales, Arizona, water works.
Included in the study were definition of an area for planning water service, projection of water service
populations, analysis of water use records, forecast of water needs, evaluation of existing water works
capacity, calculation of water works requirements, derivation of improvements in long and short range
programs that will provide capacities equal to requirements, estimation of improvement costs, and
development of a financial plan to pay these costs.
Work of the study included review of available maps, records, and reports; field surveys of facilities; and
discussions with City personnel and other concerned agencies.
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Summary

The question of disposal of treated wastewater by the City of Nogales was the focus of this report. The
consultants suggest that the City create either rapid recharge basins, or pursue an option of agricultural
irrigation for treated waste. This second option is limited due to rules from the Arizona state Groundwater
Management Act of 1980 which limited the amount of land for agricultural usage. In Santa Cruz County, this
is the limiting factor to agricultural irrigation by effluent. Thus, the consultants suggest the creation of rapid
infiltration basins for the disposal of effluent. This option would avoid direct introduction of effluent to the
Santa Cruz River. The problem with this option is that potential toxic waste, possible from sources in Mexico,
could contaminate the effluent, which then recharges into the groundwater. This issue is discussed by the
consultants, but the only viable option that they create was having a monitoring agency within Mexico and
along the local Nogales border to warn of possible toxic waste contamination, which would allow the
treatment plant to divert flows and treat accordingly.

Author provided abstract

In the mid 1970s, the State of Arizona classified the reach of the Santa Cruz River downstream fro the
Nogales International Wastewater Treatment Facility as “effluent limited,” which effectively dictates
secondary treatment of effluent from the existing treatment facility prior to discharge to the Santa Cruz
River. Additionally, more stringent nutrient removal regulations for wastes discharged into the Santa Cruz
River were promulgated by EPA.
A Facility Plan (201 Study) was prepared for the City of Nogales to address the deficiencies created by the reclassification of the Santa Cruz River and the nutrient removal requirements, and this study was completed
in April, 1979. Financial assistance for preparation of this study was provided by ADHS/EPA and the U.S.
Section, International Boundary and Water Commission. Thirteen alternative methods to meet the effluent
requirements were identified, including five alternative land application methods. Several of these were
discounted from further considerations, and the remainder were studied in detail. These studies resulted in
the determination that the most cost-effective and environmentally compatible alternative was the use of
effluent for downstream farmland irrigation on Avatar (then Rio Rico) property. Preliminary studies indicated
that 1100-1300 acres of farmland would be adequate for disposal of 8.2 MGD of effluent, but subsequent
studies determined that because of seasonal water requirements of various cropping programs, the acreage
needed would be more on the order of 2000-2500 acres for disposal of this volume of effluent on a yearround basis.
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The City made plans to implement the recommended program in early 1980, but various complicating
factors began to appear, possible because of incomplete or inadequate communications among effected or
interested parties and agencies regarding specifics of the proposed project. The situation was further
clouded when the State of Arizona enacted the “Groundwater Management Act of 1980” which, among
many other restrictions on groundwater usage, limited the irrigation of agricultural farmland to
“grandfathered” acres. These were defined as specific farmland acres that had been irrigated during the
years of 1975-1979; and for Avatar (formerly Rio Rico), this was preliminarily established by their consultant
at approximately 1170-1200 acres. An additional complication arose with an inter-agency disagreement
between ADHS and IBWC as to the potential of toxic waste discharges from Nogales, Sonora and prevention
procedures. Pending resolutions of these matters, work on the project was delayed.
In 1981, renewed interest in the use of effluent for agricultural irrigation was expressed by Avatar, and
preparation of this report on “Effluent Land Disposal System” was authorized by the City of Nogales with
financial assistance for report preparation being provided by ADHS/EPA.
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Summary

This report is basically a listing of the 225 wells that the consultants found to be of interest to the City of
Nogales. This means that the wells are either within the service area of the City of Nogales, or other
surrounding lands. The information recorded for each well includes: Registered well location, well owner,
well number/name, well register number, use of well, date completed, total depth of well (feet bls), depth of
casing (feet bls), casing diameter (inches), perforated interval, electricity meter number, pump capacity
(gpm, remarks.

Author provided abstract

The purpose of this water-rights study was to collect, inventory, and register, as needed, all surface water
claims and wells that are of importance to the City of Nogales and to the city’s claims concerning the present
and future supplies of water. The scope of this work included all important water sources that are within the
City of Nogales Water Service Area as well as some lands surrounding this water service area.
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Summary

The majority of this document is the draft feasibility report. The report is followed by an environmental
assessment which provides a finding of no significant impact to the proposed actions by the report. The
focus of this project is to provide flood control to the City of Nogales, Arizona. The report provides a detailed
description of drainage issues and infrastructure in Nogales, Arizona. The Nogales Wash basin is
comprehensively analyzed, with surface flow on the Mexican side accounted for. The report calls for added
infrastructure within Nogales, Arizona to handle flood events. It also calls for the creation of a
recreation/flood basin in the area north of the City, near the Chula Vista neighborhood. The Los Angeles
District Manager for the Army Corps of Engineers called for the implementation of this program. The report
provides many high quality/detailed maps and figures related to flood control management in Ambos
Nogales, but with a focus on Nogales, Arizona.

Author provided abstract

This feasibility report is submitted in partial response to the Flood Control Act of 1938 (Public Law 761, 75th
Congress), which authorized a survey for flood control at various locations including the Gila River and its
tributaries, therefore including Nogales Wash. This study was initiated at the request of Santa Cruz County to
investigate flood control and related water resource problems.
Nogales Wash, which rises 7 miles south of the border in Sonora, Mexico, flows across the International
Boundary into the downtown Nogales, Arizona community, and on to its confluence with Potrero Creek near
the Chula Vista community. Potrero Creek then flows northward to its confluence with the Santa Cruz River,
8 miles north of the boundary. Flood flows from Nogales Wash and Potrero Creek pose a serious threat to
the Nogales, Arizona community where a mix of residential, commercial, industrial, and public properties are
subject to major damage on a yearly basis. Approximately 2000 residents who reside in the floodplain of
Nogales Wash/Potrero Creek and an additional 1600 who reside in the floodplains of adjacent tributaries,
live in fear of their lives.
A wide array of flood protection measures were considered including non-structural and structural
alternatives and a no-action plan. Studies considered flood protection and other water resource measures
along the entire Nogales Wash/Potrero Creek watercourse from the International Boundary to the Santa
Cruz River. Potential solutions in Mexico were dropped from further consideration as a result of
recommendations from the U.S. Commissioner of the International Boundary and Water Commission,
U.S./Mexico Section. As a result of these studies, the NED Plan was identified in part as a 33-year future level
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of protection plan for the downtown Nogales, Arizona community from the International Boundary to the
outlets of an existing flood control channel system approximately 1 mile downstream or north of the border;
100-year future level of protection for the Chula Vista/Pete Kitchen community; a small recreation
component; and a flood warning system for the developed areas of the watershed. In the development of
the Plan Tentatively Selected for Implementation, full consideration was given to engineering, economic,
environmental and social values.
The Plan Tentatively Selected for Implementation provides for channel improvements at two locations. The
first is the “lateral collector channel” located on the U.S. side of the International Boundary. This channel
would capture overland flow emanating in Mexico and transition it into two existing, but unfilled covered
channels. The second channel system, located at Chula Vista, would capture breakouts of Nogales Wash and
Potrero Creek and carry the flood flows around the community in a new 3300 foot long grouted
stone/concrete channel. Mitigation measures o ensure no net loss of riparian habitat over the project life,
will be incorporation into the Chula Vista portion of the plan. Landscaping and aesthetic treatment along the
channel will be used to satisfy a portion of the mitigation requirements. Recreation potential was limited as
a result of minimal project lands.
It is recommended that, subject to certain conditions of non-Federal cooperation as outlined in this report,
the proposal for flood control, along with the recreation component, be authorized for construction. The
total first cost of the project is estimated at $5,993,000 (October 1986 price level). The Federal share of the
estimated cost would be $4,489,000 and the non-Federal share would be $1,067,000 in lands and
relocations. Average annual costs for the plan tentatively selected for implementation are estimated at
$576,000; average annual benefits at $1,207,000; the benefit to cost ration is 2.1 to 1. Following
construction, non-Federal interests would be required to maintain and operate all project features. Annual
operation and maintenance is estimated at $23,000.
The local sponsor of the project is the Santa Cruz County Flood Control District. The Santa Cruz County Board
of Supervisors has provided a letter of intent to cost share in the construction phase as per the “Water
Resources Development Act of 1986”.
It is recommended that the plan describe herein for flood control and recreation be authorized for
implementation as a Federal Project, with such modifications as in the discretion of the Chief of Engineers
may be advisable, and subject to cost-sharing and financing arrangements satisfactory to the President and
the Congress.
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Summary

Data relevant to the Santa Cruz River from this report includes: mean daily discharge at Lochiel and at
Nogales, sewage influent to Nogales International Treatment Plant, rainfall in Santa Cruz river watershed
from 7 gages in upper watershed (including locations of the rainfall stations), data on temperature, humidity,
and wind in the Santa Cruz Basin, as well as size of drainage micro-basins and irrigated lands within the
upper Santa Cruz basin.

Author provided abstract

This bulletin is the seventeenth annual compilation of steam discharges and other hydrographic data relating
to the international aspects of the Colorado River below Imperial dam, the Tijuana River and other streams
crossing the western land boundary of the United States and Mexico. The compilation was prepared jointly
by the United States and Mexican Sections of the International Boundary and Water Commission, solely for
the purpose of presenting statistical data relating to stream flow and kindred subjects for the Colorado River
from Imperial Dam to the Gulf of California, the Tijuana River and its important tributaries in the United
States and Mexico, and other streams including the Alamo and New Rivers which cross the California-Baja
California boundary, and the Santa Cruz River and Whitewater Draw which cross the Arizona-Sonora
boundary. This volume contains the information for the year 1976.
Stream gaging on the Colorado River below Imperial Dam began in 1902 when the station at Yuma, Arizona
was established. Stage records were obtained at this station from January 1878 until December 1973, when
it was discontinued. Continuous stream gaging on the Tijuana River and its important tributaries in the
United States and Mexico began in 1936. Each government operates the gaging stations located within its
own country.
The Santa Cruz River rises in the United States and flows south into Mexico crossing the international
boundary rear Lochiel, Arizona, and returns to the United States near Nogales, Arizona, eventually
discharging into the Gila River southwest of Phoenix, Arizona. The drainage area of the Santa Cruz River
above Nogales, station is 533 square miles. Of this amount, 348 square miles lie in Mexico. There are a few
ground water irrigation diversions above the Lochiel station in Arizona and an unknown amount of water
diverted for irrigation in Mexico.
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Summary

As with most ADWR products, this report provides a solid summary of a variety of water issues affecting
Santa Cruz County. All the discussion is focused around water availability and safe yield practices. The goal of
the report is to address five different options for increasing water availability to Santa Cruz County, in light of
CAP allotments. The report advocates the recharge and recovery of either/or both effluent from wastewater
treatment and CAP water, which potentially would be recharged in Pima County and then mined in Santa
Cruz County.

Author provided abstract

Senate Bill 1436 was introduced during the 1989 legislative session to address concerns in Santa Cruz County
regarding the impact of the 1980 Groundwater Management Act upon potential future growth in the area.
The proposed legislation would have created a separate sub-basin for the Santa Cruz County portion of the
Tucson Active Management Area (AMA). The bill would also have assigned this sub-basin its own safe-yield
goal (a long-term balance between groundwater recharge and groundwater withdrawals). The bill failed to
clear the Senate Health, Welfare, Aging and Environment Committee but the issues which prompted the
legislation remain and are likely to be raised during a subsequent legislative session. This report addresses
those issues, evaluates the impacts off SB 1436, and analyzes several alternatives to the proposed legislation.
In order to fully evaluate the impacts of the legislation and the nature of the concerns expressed by Santa
Cruz County, it is necessary to discuss both the physical and legal availability of water in the region. These
factors are interrelated, and the report focuses on the relationship between them.
Although groundwater is a limited resource in certain parts of the county, especially the southernmost
portion, large reserves exist in other areas. Overall, it appears that water is more limited legally than it is
physically in Santa Cruz County. Of the various legal limitations, it appears that the assured water sully
requirements have caused the most concern.
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Summary

This map shows the cross sections D and E from the map described in 129. These cross sections are from the
southern extension of the Patagonia Mountains (in Arizona).
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Summary

This map illustrates erosion classification in the area ranging from the Chiricahua Mountains in the east to
approximately the Santa Rosa wash in the west, thus encompassing nearly the entire Santa Cruz and San
Pedro River valleys. The southern limit of the map is the international border, and the northern limit is the
junction of the San Pedro with the Gila River. The erosion classification ranges include less than 0.35
acre/feet per square mile per year, 0.35 to 0.75, 0.75 to 1.5, 1.5 to 4.5, and greater than 4.5 acre/feet per
square mile per year.
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Summary

This map illustrates the geology in the area ranging from the Chiricahua Mountains in the east to
approximately the Santa Rosa wash in the west, thus encompassing nearly the entire Santa Cruz and San
Pedro River valleys. The southern limit of the map is the international border, and the northern limit is the
junction of the San Pedro with the Gila River. According to the map, there is supposed to be a legend on the
reverse side. No such legend is present, thus it is difficult to understand the geological classification system
used, especially for a non-geologist. The map also identifies faults in the region.
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Summary

This map is centered on the mining camp areas of Washington Camp and Duquesne in the Patagonia
Mountains, which, on all sides drain into the Santa Cruz River basin. This map illustrates the differing
geologies on the mountains, as well as locations of 5 different cross sections, which are illustrated on 2
different maps, also cataloged in this database.
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Summary

This map shows the cross sections, A, B, and C from the map described in 129. These cross sections are from
the northern extension of the Patagonia Mountains.
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Summary

This consulting report is an authoritative presentation of modeling ensembles for the Santa Cruz River in the
Microbasin reach, east of Nogales, Arizona. The report is a collaboration between ADWR and HRC, with the
goal of providing better planning tools. The MODFLOW program used by ADWR had difficulty in providing
accurate models for long-term projections (100 years).
The authors dedicate time to explaining the development of their modeling efforts and the analysis used to
incorporate other data, such as streamflow readings from the Nogales, Gauge. In an effort to provide
stronger long-range predictions, tree-ring data are used to describe historic climate and precipitation trends,
and incorporate those into the conclusions.

Author provided abstract

The mission of the Santa Cruz Active Management Area (SCAMA) in arid southern
Arizona is to “conjunctively manage all water resources in the AMA and to assure reliable water supply for
current and future uses, protecting aquatic and riparian habitat while sustaining a healthy economy.” The
management goal of the SCAMA is “to maintain a safe-yield condition and to prevent local water tables from
experiencing long term declines.”
To accommodate this goal, the AZDWR plans to use MODFLOW, a groundwater flow model, for the aquifers
in the SCAMA. These aquifers are fed mainly by recharge along the Santa Cruz River. The objective of the
present project is to develop models capable of simulating long-term climatic and hydrologic regimes and
associated Santa Cruz River flows for the Nogales gauge site. The flows will be used to estimate groundwater
recharge for several microbasins in SCAMA. Using the results of this study, likely future groundwater levels
may be estimated under a variety of water demand scenarios for the planning of future water consumption
that will maintain safe yield.
In this work, models were developed to generate plausible daily flow scenarios for the Nogales gauge which
is located about 10 km east of the city of Nogales, Arizona. The drainage area of the USGS gauge near
Nogales is about 1,400 km2, of which approximately 1,150 km2 are located in Mexico. Analysis of the
observed streamflow record of this gauge for the years 1936 through
2003 revealed high year to year variability, with decreasing summer flows and increasing variability of
monthly flows since the 70s. Winter-season precipitation in this region was found statistically related to the
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equatorial Pacific Ocean sea surface temperature (El-Niño events). The models were built for four seasons,
and the wet seasons (summer and winter) were divided into years that are relatively wet, medium or
relatively dry. Such model configuration maintains the variability in a given year as well as the year-to-year
variability. The models consist of: 1) a stochastic model of hourly precipitation scenarios that maintains the
characteristics and variability of a 45-year hourly precipitation record from a nearby raingauge; and 2) a
physicallybased conceptual model that transforms the precipitation into daily streamflow using variable
infiltration rates and estimates the basin’s antecedent moisture conditions.
Long term (i.e., 100 years) realizations (forming an ensemble) are generated by the above described models
for two different regimes: the first regime is that of the historical rain gauge record and the second regime is
based on reconstructed paleo-climatic precipitation estimates. For the latter regime, winter-season and
annual precipitation were reconstructed for the Nogales gauge site based on tree ring chronologies. The
reconstructed record, which spans the period 1654 through 1966, is used to generate a second ensemble of
100 realizations which spans 317 years.
Utilizing the simulated ensembles in water resources planning requires running the likely streamflow
realizations in conjunction with the MODFLOW ground water model. Although MODFLOW has been
implemented successfully by AZDWR staff in the area of interest with high spatial resolution, at present
running this model in ensemble mode for long durations (e.g. 100 years) is not feasible. To provide initial
ensemble groundwater content estimates from the flow ensembles and to facilitate water resources
planning under uncertainty, a simplified model that mimics MODFLOW behavior in the region of interest was
developed. Application of this simplified model was made for the four microbasins downstream of the
Nogales gauge, taking into consideration alluvial groundwater recharge, evapotranspiration and pumping
losses.
To exemplify the use of the models developed for water resources planning, a risk analysis case study was
conducted in which the two flow ensembles (historical and palo-climatic) were used to evaluate the risk of
each of the four microbasins declining below a predefined groundwater content threshold. Risk was
measured in terms of the frequency of both a single and several consecutive occurrences of aquifer storage
declines below a given threshold. The analysis used hypothesized monthly pumping scenarios and two
parameters: (a) the level of risk that is considered acceptable, and (b) the threshold level or content that
should be maintained in each of the microbasins.
Perhaps the main conclusion of this work is that the modeling system developed reproduces most of the
variability characteristics of the historical streamflow record and it may be used to produce likely future
scenarios of streamflow for screening risk analyses pertaining to the likely behavior of the groundwater
volume and level in the microbasins of the south Santa Cruz River region under a variety of development
scenarios. In conjunction with the detailed groundwater modeling tools of the Arizona Department of Water
Resources the models and data developed form a powerful planning tool. Main recommendations are: (a)
the use of risk analysis as exemplified in this work in collaboration with regional officials and agencies to
establish policy regarding regional development in the microbasins region of the south Santa Cruz River; (b)
application in other semi-arid or arid regions; and (c) incorporation of climate change scenarios to possibly
improve the generation of future ensembles of Santa Cruz River streamflow.
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Summary

This map provides data on the entire State of Arizona. The Upper Santa Cruz region illustrates groundwater
moving in a northward direction. Data is not provided for the San Rafael Valley. At the international border
where the river enters the United States, the water surface elevation is between 3700 and 3800 feet. It is
between 2900 and 3000 feet at the confluence of the Sopori Valley. The entire river valley is rated at 50 to
2500 gallons per minute well production potential, except for the San Rafael Valley, which is rated at 10 to
500 gallons per minute.
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Summary

This map provides data on the entire State of Arizona. Data for the upper Santa Cruz illustrates that along
the river valley, there were less than 1000 mg/l of dissolved solids and the specific conductance (micromhos
at 25 degress C.) was less than 1700. The microbasin region northeast of Nogales was classified as an area of
no data. Changes in water levels do not appear until north of the Sopori drainage confluence. Groundwater
storage and pumpage data are provided for on a basin-wide scale, which includes the Tucson Basin and the
Cañada del Oro and Pantano Washes.
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Summary

20 sites were chosen for groundwater sampling. In all 20 sites physical parameters, major ions, nutrient
constituents, trace elements, and oxygen and hydrogen isotopes were analyzed. In 5 sites radiochemistry
and radon gas were analyzed, and in 2 sites Volatile Organic Compounds were checked. The reason for this
study was to support the ADEQ watershed program. The majority of residents in the San Rafael Valley relay
on private wells for their water supply, and recent population growth given rise to more residential wells
accessing groundwater. According to the report, this groundwater quality study was undertaken with the
purpose of developing a reproducible, scientific report utilizing statistical analysis to investigate the
groundwater quality in the San Rafael Valley.

Author provided abstract

The San Rafael groundwater basin (SRF) baseline groundwater quality study was conducted by the Arizona
Department of Environmental Quality (ADEQ) in 2002. Located between Sierra Vista and Nogales along the
Mexican border in southeastern Arizona, this semiarid basin is relatively untouched by modern
development. It contains some of the most pristine desert grasslands in the Southwest. The basin consists of
the San Rafael Valley and the surrounding slopes of the Patagonia and Huachuca Mountains and the Canelo
Hills. The local economy was originally based on mining and livestock grazing, but mining operations have
long been inactive.
Hydrologically, the SRF is most noted as the headwaters of the Santa Cruz River. This watercourse, perennial
in stretches, flows into Mexico and later reenters the U.S. near Nogales, Arizona. Groundwater from the
alluvial aquifer is the principle water source though, where sufficiently fractured and faulted, mountain
hardrock provides limited supplies. For this study, 20 groundwater sites were sampled for inorganic
constituents as well as oxygen and hydrogen isotopes. In addition, samples were also collected at selected
sites for radiochemistry (5), radon gas (5), and Volatile Organic Compounds (2) analyses.
Two of the 20 sampled sites (10 percent) had concentrations of at least one constituent that exceeded a
healthbased, Federal or State water-quality standard. These enforceable standards define the maximum
concentrations of constituents allowed in water supplied to the public. Constituents that exceeded these
standards included antimony (1 site), lead (1 site), gross alpha (1 site), and uranium (1 site). In addition, 3 of
the 20 sampled sites (15 percent) had concentrations of at least one constituent that exceeded an aesthetics-

Wednesday, August 25, 2010

Page 224 of 263

based, Federal water-quality guideline. These are unenforceable guidelines that define the maximum
concentration of a constituent that can be present in drinking water without an unpleasant taste, color,
odor, or other aesthetic effect occurring. Constituents that exceeded these guidelines included iron (1 site),
manganese (2 sites), sulfate (2 sites), and total dissolved solids or TDS (2 sites). No Volatile Organic
Compounds were detected.
Interpretation of the analytical results of the groundwater quality samples indicates that groundwater in the
SRF generally meets drinking water standards and is suitable for domestic, municipal, irrigation, and stock
purposes.
Samples collected from two sites in the Patagonia Mountains contained all the health-based standard
exceedances and the aesthetics-based guideline exceedances (except one) that occurred in the SRF. The
elevated sulfate, TDS, and trace element concentrations found at these sites suggests impacts from the
historic mining conducted in the area. The elevated radiochemsitry concentrations found at one of these
sites also suggest additional impacts from the granitic geology found in the area.
Groundwater in the SRF is generally fresh, slightly alkaline, and hard based on TDS, pH, and hardness
concentrations. The majority of sites had a calcium-bicarbonate chemistry. The two previously mentioned
sites in the Patagonia Mountains exhibited a calcium-sulfate chemistry. Nutrient concentrations were low
with the exception of one site near the center of the basin whose nitrate concentration approached the
health-based water standard. Barium, fluoride, and zinc were the only trace elements detected at more than
ten percent of sites.
Antimony, arsenic, beryllium, boron, cadmium, chromium, copper, iron, lead, manganese, mercury, nickel,
selenium, silver, and thallium were rarely, if ever, detected. Groundwater quality constituent concentrations
were compared among aquifers, watersheds, and geologic types; few significant differences were found in
any of the groupings (Kruskal-Wallis test in conjunction with the Tukey test, p#0.05).
Deuterium and oxygen isotope data formed a Local Meteoric Water Line whose slope of 4.6 conformed to
the range of slopes (3 to 6) normally found in arid environments. The most depleted, or isotopically lighter,
sites tended to be in the highest mountains and may be from recent local precipitation less subject to
evaporation. In contrast, the most enriched, or isotopically heaviest, sites tended to be at lower elevations
within the central part of the basin.
The levels of these two groups were found to be significantly differ (Kruskal-Wallis test, p#0.01).
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Summary

According to the problem statement for this report, the upper 3R Canyon “carries measurable quantities of
total beryllium, dissolved copper, dissolved zinc, dissolved cadmium, and has excessively low pH”. Sulfuric
acid entering the drainage is produce by weathering of sulfide-mineralized rock. At the upper end of the
drainage is located the 3R mine which is privately owned by not currently operated. The area in general has
seen mining activity since pre-Hispanic arrival, and was most intensively mined in the 19th century.
Monitoring data is included for pollutants such as pH levels, Beryllium, Cadmium, Copper and Zinc.
Pollutants exceedences are also mapped at different sampling points within the canyon. Load capacity for 3R
Canyon is modeled based upon the pollutant sources within the area where: Human-caused Load = Existing
Load - Natural Background Loading.

Author provided abstract

ADEQ performed this investigation of Three-R (3R) Canyon in response to the stream being listed for
violations of water quality standards on the 1996 and 1998 303[d] Lists. Because
3R Canyon is one of three stream segments in the Sonoita Basin that was listed on the
State’s 303*d+ List of impaired waters, ADEQ decided to perform investigations of these segments
simultaneously. The other waterbodies in this study are Alum Gulch and Upper Harshaw Creek. This project
was started in 1997 and site monitoring was performed between 1997 and 2000 by ADEQ staff.
In 2000, ADEQ hired Hydro Geo Chem (HGC) of Tucson, AZ to review available data, select an appropriate
model, and conduct flow and load modeling for the three listed segments within the Sonoita Basin. HGC
used ADEQ field measurements to support modeling. The first draft of this TMDL investigation was based
solely on ADEQ field measurements and modeling performed by HGC. It was released for public review in
December, 2001 and it received considerable public comment. In the spring of 2002, the USGS completed a
six year long study in the Sonoita Basin.
USGS staff has made available to ADEQ staff all monitoring data and findings which would be considered
pertinent to the three TMDL investigations. All references to their data and findings included herein were
received through personal communication with USGS staff. Currently, results from their investigation are
being synthesized into a draft report. After the public review period, when the USGS data and findings
became available, ADEQ tasked HGC with reviewing this information and updating the model as necessary.
HGC determined that the USGS data supported and enhanced ADEQ's understanding of pollutant sources
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and critical conditions; however, the USGS data did not offer new flow related events which could be used in
the model. ADEQ revised the report based on this additional analysis. Additionally, USEPA approved ADEQ’s
proposed 2002 triennial review changes to surface water quality standards. The TMDLs were recalculated
using the new standards and applicable revised designated uses. This draft of the report incorporates the
additional data and changes to Arizona’s water quality standards.
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Summary

According to the problem statement for this report, the upper Harshaw Canyon “was listed for impairments
due to copper, zinc, and acidity (pH).” Sulfuric acid entering the drainage is produce by weathering of sulfidemineralized rock. At the upper end of the canyon contains the Endless Chain Mine. Other mining sites are
located within the Canyon as well. The area in general has seen mining activity since pre-Hispanic arrival, and
was most intensively mined in the 19th century. Load capacity for Upper Harshaw Canyon is modeled based
upon the pollutant sources within the area where: Human-caused Load = Existing Load - Natural Background
Loading. The report suggests that zinc should be de-listed as a contaminant for this sampled stretch of the
upper Harshaw Canyon.

Author provided abstract

ADEQ performed this investigation of upper Harshaw Creek in response to the stream being listed for
violations of water quality standards on the 1996 and 1998 303[d] Lists. Because Harshaw Creek is one of
three stream segments in the Sonoita Basin that was listed on the State’s 303*d+ List of impaired waters,
ADEQ decided to perform investigations of these segments simultaneously. The other waterbodies in this
study are Alum Gulch and Three R Canyon. This project was started in 1997 and site monitoring was
performed between 1997 and 2000 by ADEQ staff.
In 2000, ADEQ hired Hydro Geo Chem (HGC) of Tucson, AZ to review available data, select an appropriate
model, and conduct flow and load modeling for the three listed segments within the Sonoita Basin. HGC
used ADEQ field measurements to support modeling. The first draft of this TMDL investigation was based
solely on ADEQ field measurements and modeling performed by HGC. It was released for public review in
December, 2001 and it received considerable public comment.
In the spring of 2002, the USGS completed a six year long study in the Sonoita Basin. USGS staff has made
available to ADEQ staff all monitoring data and findings which would be considered pertinent to the three
TMDL investigations. All references to their data and findings included herein were received through
personal communication with USGS staff. Currently, results from their investigation are being synthesized
into a draft report.
After the public review period, when the USGS data and findings became available, ADEQ tasked HGC with
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reviewing this information and updating the model as necessary. HGC determined that the USGS data
supported and enhanced ADEQ’s understanding of pollutant sources and critical conditions; however, the
USGS data did not offer new flow related events which could be used in the model. ADEQ revised the report
based on this additional analysis. Additionally, USEPA approved ADEQ’s proposed 2002 triennial review
changes to surface water quality standards. The TMDLs were recalculated using the new standards and
applicable revised designated uses. This draft of the report incorporates the additional data and changes to
Arizona’s water quality standards.
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Summary

This report provides a background on the proposed treatment plant project for Nogales, Sonora. Basic
logistical issues are mentioned regarding the size and setting of the urban area. Of obvious importance is the
already-existing Nogales International Wastewater Treatment Plant located in Rio Rico, Arizona. The original
Finding of No Significant Impact was issued in 2000. Issues which should be remediated by a potential
treatment plant in Nogales, Sonora, according to the FNSI include air quality/odors as well as water
resources/ surface water.

Author provided abstract

This document supplements the Environmental Assessment for Nogales International Wastewater
Treatment Plant (NIWTP,) Upgrade/Expansion International Outfall Interceptor, Replacement, Wastewater
Collection System Rehabilitation, Nogales, Arizona and Nogales, Sonora, which was prepared by the U.S.
Environmental Protection Agency (EPA) in March, 2000 and the Finding of No Significant Impact (signed on
April 3, 2000 and reaffirmed on May 27, 2007). The Environmental Assessment (EA) evaluated the potential
environmental consequences for the proposed series of projects to rehabilitate, upgrade or construct
wastewater infrastructure facilities in Nogales, Arizona and Nogales, Sonora, including the “Los Alisos
Treatment Plant and Conveyance System Construction, Sonora, Mexico.” (the Project)
The purpose and scope of this Supplemental Environmental Assessment (SEA) is limited to cataloging the
changes that have been made in the scope of the Project since the original assessment was written and
detailing the potential impacts relevant to or associated with the revised scope of the Project. With the
exception of the point described in the following sections, the original EA (available on line at
http://www.epa.gov/usmexicoborder/infrastructure/nogales/wasteall.pdf) accurately represents: the
Project’s purpose and need; the analyses of the Project’s design alternatives, including the alternative of no
action and the preferred alternative; and the potential environmental impacts associated with each
alternative.
The Project will be constructed entirely within Mexico; this SEA explores and documents the environmental
consequences of the proposed federal action in the U.S. In order to evaluate the environmental impacts of
the proposed Project in Mexico, including the proposed changes to the Project catalogued in this SEA, a
separate Manifestacion de Impacto Ambiental (MIA) will be prepared for this project.
This document will also serve as a Supplemental Finding of No Significant Impact for the proposed project,
including the changes specified below.
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Summary

This report covers the geomorphology of the Santa Cruz River from headwaters to confluence with the Gila
River. The report uses a wide variety of historical data to track changes in the river’s form and course over
the last century. Flood events are given unique attention. This report provides an excellent overview of how
the Santa Cruz River has changed in the last 100 years, mostly as a result of human causes such as increased
groundwater pumping and channelization. Streamflow characteristics and gauge data are used (mostly for
the upper reaches) to describe historical and current conditions of the river. The report includes a variety of
figures illustrating historical channels as well as a large map of the lower Santa Cruz where extensive flooding
has occurred.

Author provided abstract

This report provides baseline information on the physical characteristics of the Santa Cruz River to be used
by the Arizona Stream Navigability Commission in its determination of the potential navigability of the Santa
Cruz River at the time of Statehood. The primary goals of this report are: (1) to give a descriptive overview of
the geography, geology, climatology, vegetation and hydrology that define the character of the Santa Cruz
River; and, (2) to describe how the character of the Santa Cruz River has changes since the time of Statehood
with special focus on the streamflow conditions and geomorphic changes such as channel change and
movement. This report is based on a review of the available literature and analyses of historical survey maps,
aerial photographs, and U.S. Geological Survey stream gage records.
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This report is a resume of the principal facts collected by the Geological Survey in the period 1890-1952
about the ground-water resources o the Gila River basin and certain other areas in Arizona. Since 1939 the
Geological Survey has been making ground-water investigations on a continuing basis in cooperation with
the State of Arizona. Since 1940 the cooperating agency has been the State Land Department.
The occurrence of groundwater in fifteen areas that form a part of the Gila River drainage basins is described
in this report. The areas are denoted by the name of a town or geographic feature, and are as follows:
Duncan, Safford, San Simon, Upper San Pedro, Lower San Pedro, Aravaipa Creek, Waterman Wash,
McMullen Valley, Harquahala Plain, Gila Bend, Palomas Plain the Gila River System, including Ranegras Plain
and the Willcox and Douglas basins. A summary of the data is given following the ground-water discussion in
each area.
A series of maps accompany the report, including and index map and maps of the principal areas of groundwater development. The maps show the geology, the location of most of the irrigation wells and irrigated
land, and, where data were available, contours of the water table, depth to theater table, and changes in its
position over a period of years.
Ground water occurs in the region primarily in alluvial fill consisting of gravel, sand, silt, and clay which was
deposited in structural troughs between mountain ranges. Ground water stored in these alluvial basins is
derived from many sources. The principal sources are infiltration from runoff along the mountain fronts and
seepage from irrigation water applied to cultivate lands.
Of great interest in Arizona at the present time is the rate of depletion of ground-water reserves by
withdrawals from storage. Use of ground water in Arizona increased by more than 50 percent in the 6-year
period 1946-51, from 2,400,000 acre-feet in 1946 to 3,750,000 acre-feet in 1951. The areas of greatest
withdrawal are in Pinal and Maricopa Counties, in the south-central part of the state. Maps and
hydrographic accompanying this report show that the water table is declining in the heavily pumped areas,
indicating that ground water is being withdrawn in excess of replenishment. The rate of decline has been as
much as 10 feet per year in the most intensively pumped areas, and has been greatest during the past few
years.
In an effort to compensate for decreased well yields resulting from the decline of the water table in some
Page 234 of 263

areas, many deep wells have been drilled within the past few years. The deep aquifers do not represent a
new source of water; their water is a part of the common supply of the structural basins in which they lie.
The aquifers tapped by these deep wells generally yield less water per foot of drawdown than the shallower
aquifers. The water in these deeper aquifers is variable in quality, ranging from water too high in dissolved
solids to be usable for irrigation to water lower in concentration than that in the overlying aquifer.
The quality of the ground waters in most of the region is considered suitable for irrigation. In local areas,
however, the ground waters are naturally unsuitable for irrigation and, in other areas the concentration of
dissolved solids has increase sufficiently to make the waters harmful to some crops. The problem of salt
balance is becoming increasingly important, not only in the Salt River Valley area, but also in other parts of
the Gila River Basin. A discussion of the salt-balance problem is given in Part II of this report.
It should be emphasized that ground waters in each of the individual areas in the Gila River drainage system
are interrelated with ground waters in adjacent areas upstream and downstream. The connection is tenuous
between some areas, but in central Arizona the ground waters in the different areas are closely related.
Although subsurface barriers to ground-water movement exist in places, they are not everywhere fully
effective.
The ground-water –surface-water interrelationship is important in some area. Those basins occupied by
perennial streams, or by streams having large influent seepage losses, have not shown large, perennial
declines or water levels in wells. Effluent seepage of ground water contributes to stream flow in the lower
reaches of several basins.
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Summary

El objetivo del presente trabajo es aplicar el paquete Visual MODFLOW al estudio del comportamiento
hidrogeológico de una porción de la sección mexicana del acuífero de la cuenca del Río Santa Cruz. Se realizó
una simulación en condiciones de estado estacionario, tomando en cuenta la interacción de agua superficial
y agua subterránea. Se consideró información obtenida principalmente a través del Instituto Nacional de
Estadística, Geografía e Informática, la Comisión Nacional del Agua, y estudios anteriores en el área de
estudio. Se aplicó MODFLOW, que es un programa que resuelve la ecuación de continuidad con diferencias
finitas, para flujo tridimensional en medio saturado, poroso y continuo desarrollado en 1983, en el United
States Geological Survey y que posteriormente fue modificado y retomado por compañías comerciales.
Primeramente, se recopiló y analizó la bibliografía e información sobre las condiciones de frontera,
propiedades hidrogeológicas del acuífero, flujos de recarga y descarga. Además se hicieron mediciones
actuales de flujo superficial y niveles de agua subterránea con una periodicidad trimestral, durante dos años.
Posteriormente se estudió información relacionada al manejo del modelo, se estableció el modelo
conceptual, se efectuó un análisis de sensibilidad a través de la realización de las primeras corridas, se
simularon las condiciones del acuífero en condiciones naturales y se ajustaron los parámetros del modelo. El
resultado del modelo son curvas equipotenciales y distribución de velocidades de flujo que pueden servir
como base para la ejecución del modelo en estado transitorio, de tal forma que el modelo pueda ser, en un
futuro, una herramienta útil para los administradores y usuarios del agua en México para el establecimiento
de políticas de manejo y control del recurso. Los resultados de nivel piezométrico, calculados a través de la
corrida en estado estacionario del modelo MODFLOW, en comparación con los datos observados en campo
tienen un coeficiente de correlación de 0.998579, con un error estándar de la estimación de 0.5299065
metros, y una desviación estándar normalizada del 2.775585%, con un intervalo de confianza del 95%. Estos
valores representan el grado de aceptabilidad del modelo en el área de estudio.

Author provided abstract

This thesis (masters) uses MODFLOW to model the northbound flow of the Santa Cruz River in Mexico. Some
analysis from this stretch of the river had previously been completed by Nelson and Erwin (2001) in
collaboration with Mexican counterparts, but this previous project had not modeled the particular reach in
Mexico. 11 sampling sites along the reach were checked every three months for the compilation of
groundwater levels. The modeling effort suggests that groundwater flow follows topography, and geologic
conditions account for surface flow even in the absence of precipitation.
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Summary

Volume 8 of the Arizona Water Atlas provides a focus on the State’s Active Management Areas, of which the
Santa Cruz Active Management Area (SCAMA) is the newest addition (having been formed in 1994). This
chapter of the Atlas situates the supply and demand situation for the SCAMA with the goal of providing
important information for state and local water resource managers and users. Active Management Areas are
required to institute specific management practices to insure water availability in the State’s most populated
areas. Volume 8, Section 4 of the Atlas includes 40 (pages 311-350 within Volume 8) pages detailing the
water resource situation in the SCAMA.
Data includes surface water conditions (rivers, springs and lakes), climate and precipitation data for weather
stations within the area, groundwater conditions (aquifer properties, well yields, recharge and water levels),
contamination sites and sources. The chapter also breaks-down demand by sector and by space within the
AMA.

Author provided abstract

The Arizona Water Atlas (Atlas) is a compilation of currently available water-related information for the State
of Arizona. Water is managed differently within the state’s five active management areas (AMAs) than it is in
areas outside AMAs. This difference influences the organization and to some extent, the content of the Atlas.
The Atlas is composed of nine volumes. In addition to this introductory volume there are individual planning
area volumes (Volumes 2-7) for each of the six planning areas outside of AMAs. These planning areas are
composed of groundwater basins as shown on Figure 1-1. The AMAs are considered a separate planning area
and are described in Volume 8 of the Atlas. Volume 9 is a summary volume for the entire state. The term
“rural” is often used to describe the non-AMA areas of the state. Although this is somewhat of a misnomer
since there are many cities and towns outside the
AMAs that are large, diverse and face water supply issues similar to the AMAs, the term is widely used and
appears in the Atlas.
The primary objectives of the Atlas are to present an overview of water supply and demand conditions, to
provide water resource information for planning and resource development purposes and to help identify
the needs of communities throughout Arizona, particularly those outside the AMAs. The emphasis on areas
outside AMAs is in recognition of the more immediate need for water resource information by decisionmakers and the public for local planning, water management and general information purposes in these
areas. The Arizona Department of Water Resources (Department), legislative leaders and local groups have
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long recognized the need to support Arizona water resource planning efforts outside AMAs. Adoption of the
2004 Arizona Drought Plan and associated legislation, initiation of the Statewide Water Conservation
Program, establishment of a Rural Water Legislative Study Committee (2005-2007), formation of a Statewide
Water Advisory Group to focus on programs for water resources development and management outside of
AMAs (2006) and recent legislative funding, provide additional resources to address Arizona’s water
information and planning needs.
The purposes of the Arizona Water Atlas are to:
1. Provide a comprehensive overview of regional water supply and demand conditions that has not been
available on a statewide basis for over ten years;
2. Identify water resource issues facing Arizona communities;
3. Identify missing information and how it could be improved; and
4. Initiate a renewed and more systematic effort by the Department to assist Arizona water planning efforts
and the development of solutions.
The information contained in Volumes 2-8 of the Atlas has been compiled from a number of sources,
discussed in Section 1.3, Data Sources and Methods, and has been reviewed and synthesized. New
investigations, except as noted, were not undertaken. Because multiple data sources were utilized, the Atlas
is the first comprehensive compilation and presentation of certain data. In some cases, such as certain water
demand figures, information is based on estimates because measurement and reporting of water
withdrawals, diversions and uses are generally not required outside AMAs. While the Atlas includes a listing
of water resource issues, proposing solutions is outside its scope. Instead, the Atlas provides some of the
necessary information and identifies data necessary for development of solutions by local stakeholders.
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Summary

The motivation for this study is not inherent, although one familiar with the setting may assume it to be a
large die-off of cottonwood gallery in the riparian area immediately downstream from the Nogales
International Wastewater Treatment Plant. Four areas ranging from 3-31km below the treatment plant were
chosen as sampling sites. At each site four different points were used to collect samples, creating a total of
16 points along the river. Samples were collected monthly, although the start and end dates of sampling are
not clear, except that it occurred throughout 2007. Sampling included soil cores, streambed hydraulic
profiles, stream gaging and water balance, analysis of water chemistry and historic streamflow. While the
authors recognize the existence of a clogging layer, they consider the growth cycle of such a layer to yet be
fully understood.

Author provided abstract

Water managers in arid and semiarid regions increasingly view treated wastewater (effluent) as an
important water resource. Artificial recharge basins allow effluent to seep into the ground relieving stressed
aquifers, however these basins frequently clog due to physical, chemical, and biological processes. Likewise
effluent is increasingly used to maintain perennial base flow for dry streambeds, however, little is known
about the impact of effluent on streambed hydraulic conductivity and stream-aquifer interactions. We
address this issue by investigating: if a clogging layer forms, how the formation of a clogging layer alters
stream-aquifer connections, and what hydrologic factors control the formation and removal of clogging
layers. We focused on the Upper Santa Cruz River, Arizona where effluent from the Nogales International
Waste Water Treatment Plant sustains perennial flow. Monthly sampling, along a 30 km river reach, was
done with two foci: physical streambed transformations and water source identification using chemical
composition. Historical dataset were included to provide a larger context for the work. Results show that
localized clogging occurs in the Upper Santa Cruz River. The clogging layers perch the stream and shallow
streambed causing desaturation below the streambed. With these results, a conceptual model of clogging is
established in the context of a semiarid hydrologic cycle: formation during the hot premonsoon months
when flow is nearly constant and removal by large flood flows (>10 m3 ⁄ s) during the monsoon season.
However, if the intensity of flooding during the semiarid hydrologic cycle is lessened, the dependent riparian
area can experience a die off. This conceptual model leads us to the conclusion that effluent dominated
riparian systems are inherently unstable due to the clogging process. Further understanding of this process
could lead to improved ecosystem restoration and management.
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According to the text of the document, “The objective of this groundwater sampling project is to collect
reliable groundwater quality data from the alluvial aquifer along the Nogales Wash. Data collection will
document whether or not surface activities and discharges to the Nogales Wash have significantly affected
groundwater quality”. Samples were taken from 12 within the Nogales Wash watershed on both sides of the
border. All involved agencies agreed to the sampling sites. 2 wells in Mexico and 2 wells in the US that were
used as part of the monitoring were already in existence, while the remaining wells for sampling were
created especially for the project. Well-drilling, pump installation, and sampling methodology is discussed in
depth. More than half of this document is data from the sampling process, outlining the specifics of each
sampling well, and also by grouping contaminants into tables. PCE and low levels of other VOCs were
detected, along with Nitrate, Iron, Manganese, and Arsenic. Total and Fecal Coliform were also detected.
Results are compared between US and Mexican laboratories.

Author provided abstract

Based on a binational agreement between the United States and Mexico, the IBWC developed the "Joint
Report of the Principal Engineers Relative to the Joint Monitoring of the Quality of the Groundwaters to
Determine the Presence of Anthropogenic Contaminants in the Transboundary Aquifer in the Nogales,
Arizona/Nogales, Sonora Area," dated January 25, 1996, for a joint study of the quality of groundwaters
along the alluvial aquifer of the Nogales Wash. Binational meetings to address this concern were initiated in
1993 by both countries. The Nogales Wash originates 8.6 km (5.4 miles) south of the international boundary
between the United States and Mexico, and flows north through Nogales, Sonora and Nogales, Arizona. The
objective of the study is to obtain reliable data concerning the quality of the groundwaters and the soil along
the Nogales Wash. The collection of these data can document whether or not surface activities and
discharges into the Nogales Wash have impacted the quality of the groundwater.
Study participants on behalf of the United States were the following: United States Section, IBWC; USEPA,
Region IX; ADEQ; Santa Cruz County Health Department; and the City of Nogales, Arizona. The participants in
the study on behalf of Mexico were representatives from the Mexican Section, IBWC; CNA; and the State
Commission on Potable Water and Sewerage in Sonora (COAPAES). The groundwater sampling teams were
comprised, as close as possible, of the same number of water quality professionals from each country.
Thirteen sampling wells on either side of the border were established, the majority of them drilled
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specifically for this study. The exceptions were two pre-existing monitoring wells just north of the
international boundary in Nogales, Arizona, one abandoned well at the COAPAES offices, and a potable
water well in Nogales, Sonora. The collection of soil samples was conducted during the well drilling phase.
Well numbers NGW-1 through 7 are located in Nogales, Sonora and NGW-8 through 13 are located in
Nogales, Arizona. The groundwater samples were collected during a total of five sampling events.
This preliminary report presents the results obtained from the first two sampling events. During the first
sampling event (July 1996), only the wells in the United States side were sampled, since the monitoring wells
in Nogales, Sonora were still under construction. The second sampling event (April 1997) included all the
project wells in Ambos Nogales, except for a well that was inaccessible due to paving work in the area and a
dry well.
Tetrachloroethylene (PCE) was detected in NGW-9 at a concentration exceeding the Arizona Maximum
Contaminant Level (MCL) of 0.005 mg/l. PCE was also detected in wells NGW-5, NGW-6 and NGW-7. The
concentrations found at NGW-5 and NGW-7 exceeded the Mexican drinking water standard of 0.008 mg/l. In
addition, significant concentrations of arsenic and nitrate were detected in wells NGW-11 and NGW-10,
respectively. These concentrations exceeded the Arizona MCLs (0.05 mg/l for arsenic and 10 mg/l for N as
nitrate). Total and fecal coliform counts exceeding the Mexican drinking water standards (<1000 MPN/100
ml before chlorination) were detected in NGW-7. The presence of these contaminants was confirmed by the
laboratories of both countries.
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Summary

A broad yet detailed overview of river use and riparian area change over the last 150 years. Description of
different land uses leading to riparian area degradation and change as well as flooding following grazing
plays a prominent role in this chapter. Groundwater levels are also recorded illustrating historical trends due
to pumping for agriculture and municipal usage. This chapter breaks of analysis of the river by geographical
setting, beginning at the international border and working downstream to the confluence with the Gila.
Many useful photos illustrating channel and vegetation change over the last century are included- with
flooding and channel down cutting playing important themes. Gages along the Santa Cruz from Lochiel to
Marana are illustrated. The following chapter in the book is dedicated to tributaries of the Santa Cruz, but
mostly focuses on those in and around the Tucson basin. The Sonoita Creek is described also.

Author provided abstract

The Santa Cruz River is one of the few watercourses with headwaters in the United States that flows south
into Mexico, only to reenter the United States to flow north to the Gila River. This diverse river supports lush
riparian ecosystems in its upper reaches, then transitions to an ephemeral reach, and finally ceases any
resemblance to a natural river as a result of groundwater overdraft, channelization, sewage effluent
discharge, and irrigation-return flows. Riparian vegetation has increased in most of the reaches upstream
from Tucson that have perennial flow, which originates from wither base flow or sewage effluent, the Santa
Cruz River at Tucson is one of the few well-documented cases of complete destruction of a riparian
ecosystem in the Southwest owing to the combination of arroyo downcutting, water development, and
channelization. Following the 1993 flood, the river deposited a low floodplain within the channelized reaches
in Tucson, and sewage-effluent discharges north of the city sustain a newly established riparian ecosystem.

Other Publishing Info
URL Link
mentioned?
Keyword 1 - place

Santa Cruz River

Keyword 2 - discipline

Riparian

Keyword 3 - discipline

History

Wednesday, August 25, 2010

Page 244 of 263

Keyword 4- other

Flooding

Language

english

Location

U of A Library

location details

QK 142 W43 2007 s1

Remaining review issues

Wednesday, August 25, 2010

Page 245 of 263

ID

143

Prinicpal Author- Last Name

Tellman

Principal Author- First Name

Barbara

Other Authors

Richard Yarde, Mary G. Wallace

Year Published

1997

Title

Santa Cruz River

Type of Material

Book Chapter

Thesis/Dissertation
Degree/Title obtained
Academic Institution
UA Department
Journal Article?
Journal Title
Issue
Volume
Edition
Pages
Book Title

Arizona's Changing Rivers: How People have Affected the Rivers

Editors
ADWR Report
Modeling Report #
Map
Number of Pages

8

Summary

This brief historical review of development in the Santa Cruz River Valley begins with prehistorical
inhabitants through the 20th century. It highlights agriculture and mining initiatives in the upper valley
providing a very useful overview of early drivers of development and population in the region. Figures are
used to describe activity, such as 30,000 a.f. of groundwater being pumped for mining purposes in the San
Xavier District in 1994. The relative health of the San Rafael Valley grassland is attributed to its reduced
pressure from urban development seen in other parts of the upper valley.

Author provided abstract

The Santa Cruz River figures prominently in the history of the Southwest and Mexico. Spanish missionaries
used the Santa Cruz River Valley as their primary avenue for expansion to the north, and it was the first part
of Arizona they settled. The Gila trail followed the Santa Cruz River and so did a good number of Argonauts,
or ‘49ers, who traveled through the valley on their way to seek gold in California. Agriculture has been
practiced along the river for thousands of years.
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Summary

This chapter provides a geographical/geological description of the Upper Santa Cruz from the San Rafael
Valley to the Rillito Narrows located between the Tucson and Tortolita Mountains. Valley fill throughout this
stretch of the river is also described. Groundwater hydrology is addressed by quantifying recharge by
infiltration (important due to high mountains on the east side of the valley), seepage in the main channel as
well as from irrigated fields, and underflow from Mexico. Discharge is discussed and separated as
evaporation, transpiration, springs, underflow, irrigation wells- each of these being quantified. Pumpage
from wells is broken down by supply destination, and the entire gains and losses for the groundwater
reservoir between 1947 and 1951 is quantified. Due to increased agricultural and municipal demand in the
Pima County area of the upper Santa Cruz, well logs are used to illustrate the declining water table in that
region. Lastly, the chemical quality of groundwater is discussed citing analyses from well samples.

Author provided abstract

This report is a resume of the principal facts collected by the Geological Survey in the period 1890-1952
about the ground-water resources o the Gila River basin and certain other areas in Arizona. Since 1939 the
Geological Survey has been making ground-water investigations on a continuing basis in cooperation with
the State of Arizona. Since 1940 the cooperating agency has been the State Land Department.
The occurrence of groundwater in fifteen areas that form a part of the Gila River drainage basins is described
in this report. The areas are denoted by the name of a town or geographic feature, and are as follows:
Duncan, Safford, San Simon, Upper San Pedro, Lower San Pedro, Aravaipa Creek, Waterman Wash,
McMullen Valley, Harquahala Plain, Gila Bend, Palomas Plain the Gila River System, including Ranegras Plain
and the Willcox and Douglas basins. A summary of the data is given following the ground-water discussion in
each area.
A series of maps accompany the report, including and index map and maps of the principal areas of groundwater development. The maps show the geology, the location of most of the irrigation wells and irrigated
land, and, where data were available, contours of the water table, depth to theater table, and changes in its
position over a period of years.
Ground water occurs in the region primarily in alluvial fill consisting of gravel, sand, silt, and clay which was
deposited in structural troughs between mountain ranges. Ground water stored in these alluvial basins is
derived from many sources. The principal sources are infiltration from runoff along the mountain fronts and
seepage from irrigation water applied to cultivate lands.
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Of great interest in Arizona at the present time is the rate of depletion of ground-water reserves by
withdrawals from storage. Use of ground water in Arizona increased by more than 50 percent in the 6-year
period 1946-51, from 2,400,000 acre-feet in 1946 to 3,750,000 acre-feet in 1951. The areas of greatest
withdrawal are in Pinal and Maricopa Counties, in the south-central part of the state. Maps and
hydrographic accompanying this report show that the water table is declining in the heavily pumped areas,
indicating that ground water is being withdrawn in excess of replenishment. The rate of decline has been as
much as 10 feet per year in the most intensively pumped areas, and has been greatest during the past few
years.
In an effort to compensate for decreased well yields resulting from the decline of the water table in some
areas, many deep wells have been drilled within the past few years. The deep aquifers do not represent a
new source of water; their water is a part of the common supply of the structural basins in which they lie.
The aquifers tapped by these deep wells generally yield less water per foot of drawdown than the shallower
aquifers. The water in these deeper aquifers is variable in quality, ranging from water too high in dissolved
solids to be usable for irrigation to water lower in concentration than that in the overlying aquifer.
The quality of the ground waters in most of the region is considered suitable for irrigation. In local areas,
however, the ground waters are naturally unsuitable for irrigation and, in other areas the concentration of
dissolved solids has increase sufficiently to make the waters harmful to some crops. The problem of salt
balance is becoming increasingly important, not only in the Salt River Valley area, but also in other parts of
the Gila River Basin. A discussion of the salt-balance problem is given in Part II of this report.
It should be emphasized that ground waters in each of the individual areas in the Gila River drainage system
are interrelated with ground waters in adjacent areas upstream and downstream. The connection is tenuous
between some areas, but in central Arizona the ground waters in the different areas are closely related.
Although subsurface barriers to ground-water movement exist in places, they are not everywhere fully
effective.
The ground-water –surface-water interrelationship is important in some area. Those basins occupied by
perennial streams, or by streams having large influent seepage losses, have not shown large, perennial
declines or water levels in wells. Effluent seepage of ground water contributes to stream flow in the lower
reaches of several basins.
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Summary

CONAGUA has divided states into groundwater regions. This report covers region 2650 which is the drainage
of the Nogales Wash in Mexico. This study provides a background on the area under study, describing the
geology and hydrogeology. A groundwater balance is provided using pumpage, evapotranspiration, and base
flow north. Total average recharge to the aquifer is 5.2 million cubic meters per year. Total average
discharge is 3.7 million cubic meters per year. Total amount of water concessions registered in the REPDA as
of April 30, 2007 are 380,850 cubic meters per year. Thus, the amount of groundwater available for new
concessions by CONAGUA is 1,119,150 cubic meters per year.

Author provided abstract

La Ley de Aguas Nacionales y su Reglamento (LAN) contemplan que la Comisión Nacional del Agua
(CONAGUA) debe publicar en el Diario Oficial de la Federación (DOF), la disponibilidad de las aguas
nacionales, por acuífero en el caso de las aguas subterráneas, de acuerdo con los estudios técnicos
correspondientes y conforme a los lineamientos que considera la Norma Oficial Mexicana NOM-011-CNA2000 que establece el método para determinar la disponibilidad media anual de las aguas nacionales”. Esta
norma ha sido preparada por un grupo de especialistas provenientes de la iniciativa privada, instituciones
académicas, asociaciones de profesionales, organismos de los gobiernos de los estados y municipios, y de la
CONAGUA.
El método que establece la NOM indica que para calcular la disponibilidad de aguas subterráneas deberá de
realizarse un balance de las mismas, donde se defina de manera precisa la recarga de los acuíferos, y de ésta
deducir los volúmenes comprometidos con otros acuíferos, la demanda de los ecosistemas y los usuarios
registrados con derechos vigentes en el Registro Público de Derechos del Agua (REPDA).
El cálculo de la disponibilidad obtenida permitirá una mejor administración del recurso hídrico subterráneo
ya que el otorgamiento de nuevas concesiones sólo podrá efectuarse en acuíferos con disponibilidad de
agua subterránea. Los datos técnicos que se publiquen deberán estar respaldados por un documento en el
que se sintetice la información necesaria, en donde quede claramente especificado el balance de aguas
subterráneas y la disponibilidad de agua subterránea susceptible de concesionar, considerando los
volúmenes comprometidos con otros acuíferos, la demanda de los ecosistemas y los usuarios registrados
con derechos vigentes en el REPDA. La publicación de la disponibilidad servirá de sustento legal para fines de
administración del recurso, para la autorización de nuevos aprovechamientos de agua subterránea, para los
planes de desarrollo de nuevas fuentes de abastecimiento, y en las estrategias para resolver los casos de
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sobreexplotación de acuíferos y la resolución de conflictos entre usuarios.
El acuífero 2650-Nogales, se encuentra localizado en la porción norte del Estado de Sonora, entre las
coordenadas geográficas 31° 13’ y 31° 20’ de latitud norte, y 110° 53’ y 111° 04’ de longitud oeste, figura No.
1, cubriendo una superficie de 120 km2.
El área tiene por límites: al norte la línea divisoria internacional con los Estados Unidos de América; al
poniente las sierras de Cordón Maestro, Las Avispas y Cíbuta; al oriente las estribaciones de la sierra El
Pinito, y al sur la prolongación de la sierra de Cíbuta y los lomeríos de la sierra Guanconiena.
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Total Maximum Daily Load (TMDL) is a term used to describe the amount of a pollutant that a stream or lake
can receive and still meet water quality standards. A TMDL study identifies sources of pollution and potential
reductions needed to attain standards. Point sources (such as municipal or industrial discharges) and
nonpoint sources (such as runoff from urban or agricultural lands, and natural background) are considered in
calculating the TMDL. The study must also account for seasonal variation and include a margin of safety.
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ADEQ performed this investigation of upper Alum Gulch in response to the stream being listed for violations
of water quality standards on the 1996 and 1998 303[d] Lists. Because Alum Gulch is one of three stream
segments in the Sonoita Basin that was listed on the State’s 303*d+ List of impaired waters, ADEQ decided to
perform investigations of these segments simultaneously. The other waterbodies in this study are Harshaw
Creek and Three R Canyon. This project was started in 1997 and site monitoring was performed between
1997 and 2000 by ADEQ staff.
In 2000, ADEQ hired Hydro Geo Chem (HGC) of Tucson, AZ to review available data, select an appropriate
model, and conduct flow and load modeling for the three listed segments within the Sonoita Basin. HGC
used ADEQ field measurements to support modeling. The first draft of this TMDL investigation was based
solely on ADEQ field measurements and modeling performed by HGC. It was released for public review in
December, 2001 and it received considerable public comment. In the spring of 2002, the USGS completed a
six year long study in the Sonoita Basin.
USGS staff has made available to ADEQ staff all monitoring data and findings which would be considered
pertinent to the three TMDL investigations. All references to their data and findings included herein were
received through personal communication with USGS staff. Currently, results from their investigation are
being synthesized into a draft report. After the public review period, when the USGS data and findings from
its investigation in the Sonoita basin, became available, ADEQ tasked HGC with reviewing the additional
information and updating the model as necessary. HGC determined that the USGS data supported and
enhanced ADEQ’s understanding of pollutant sources and critical conditions; however, the USGS data did not
offer new flow related events that could be used in the model. Additionally, USEPA approved ADEQ’s
proposed 2002 triennial review changes to the surface water quality standards. The TMDLs were
recalculated using the new standards and revised designated uses for several of the listed segments. This
draft of the report incorporates the additional data and changes to Arizona’s water quality standards.
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Summary

This report uses historical stream gage data, aerial photographs, and field observations from reports and
other sources to track channel change in the Santa Cruz River over a 50 year period. The majority of this
report is related to the river in Pima County. Record floods of 1977 and 1983 were responsible for most
channel widening, while most channel straightening was artificial. The report tracks the evolution of lateral
channel changes and meander migration, which occurred mostly in the Marana area. The southernmost
section of the river analyzed in the report is the Canoa section.

Author provided abstract

The Santa Cruz River, an ephemeral river that drains 8,581 square miles in southeastern Arizona, has a long
history of channel instability. Since the late 19th century, lateral channel erosion has caused extensive
property damage, particularly in Pima County. During the flood of 1983, about $100 million damage was
caused in the Tucson area alone; most damage resulted from bank erosion on the Santa Cruz River and its
tributaries. The nature, magni- tude, location, and frequency of channel change on the Santa Cruz River were
highly variable in time and space from 1936 through 1986 along a 70-mile reach in Pima County, Arizona.
Four mechanisms of lateral channel change--channel migration, avulsion and meander cutoff, channel
widening, and arroyo widening--were identified on the Santa Cruz River. The dominant mechanism in a reach
depends on channel morphology and flood magnitude. The dominant vertical change has been degradation.
The timing and magnitude of channel change at a particular location are controlled primarily by
hydroclimatic factors such as magnitude, duration, intensity, and frequency of precipitation and floods. The
location of channel change and its magnitude in response to a given discharge are controlled largely by
topographic, geologic, hydraulic, and artificial factors. Although much of the present morphology of the
Santa Cruz River is the result of recent large floods, a direct link between hydroclimatic con- ditions and
channel change is not always evident because resistance of the channel to erosion varies with time.
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Summary

The Bureau of Reclamation’s investigations of the Santa Cruz River Basin are the most recent of a series of
comprehensive basin-type water resource studies covering those areas of Arizona and western new Mexico
which lie outside the central service zone of the proposed Central Arizona project. The basic purpose of this
series of investigations (designated Arizona-Colorado River Diversion Projects”) is to formulate and evaluate,
on a reconnaissance basis, plans to optimize regional water resource development, conservation, and use,
through the coordination and integration of local water supplies with the new Colorado River water supplies
to be provided by the proposed Central Arizona Project, as an integral part of a Pacific Southwest Regional
Water Plan. Present plans provide for reconnaissance reports to be issued as a result of each investigation
which would recommend detailed study of specific proposals for which feasibility is indicated.

Author provided abstract

This report analyzes the current status of water resources investigations within the Santa Cruz River basin.
The report provides baseline data on projected growth and usage into the future, and notes that the basin is
water deficient. A significant issue discussed by the report is the potential supply of the Central Arizona
Project, which had just recently been approved. The report notes the importance of binational agreement of
shared resources in the Ambos Nogales area, suggesting coordination with the US State Dept, IBWC, State of
Arizona and others. The gist of this report is that the Santa Cruz River basin is a water-deficient area that will
be reliant on outside sources of water to deal with projected development and growth.
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Summary

This short report outlines a variety of research done to better understand the health of the Santa Cruz River
basin in Santa Cruz County and Mexico. 14 sites were used to sample surface water, soil, and algae, while
groundwater was sampled at 13 sites. Vegetation and riparian indicators were also recorded. The results
suggest that the river is “moderately to heavily polluted”. A major source appears to be the Nogales Wash.

Author provided abstract

The twin cities of Nogales, Arizona, and Nogales, Sonora, depend on the Santa Cruz River for their municipal
water supplies. Therefore, the study of factors with the potential of negatively affecting the river, such as
pollutants, declining vegetation along its banks, or decreased water levels due to excessive groundwater
pumping, is of critical importance. A recent detailed investigation of the Santa Cruz River Basin by Arizona
State University researchers, sponsored by the Southwest Center for Environmental Research and Policy
(SCERP), concluded that in order to maintain the health of the river, natural vegetation must be preserved
and encouraged and groundwater pumping must be carefully managed.
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Summary

This article provides unique data on groundwater usage in the ejidos and small populations located within
the Santa Cruz River drainage in Mexico. It details crop irrigation and extrapolates the amount of
groundwater used for such. The article discusses the normal themes of development-related issues within
Nogales, Sonora related to groundwater provision and management and also provides a theoretical
background for the discussion of such themes.

Author provided abstract

La Cuenca binacional del río Santa Cruz da sustento, a través de la explotación de sus aguas subterráneas y
subálveas, a las comunidades de Nogales, Sonora y Nogales, Arizona, así como a las comunidades rurales
asentadas dentro de la Cuenca. Esto la convierte en una Cuenca cuyos recursos naturales son compartidos
por dos naciones, con esquemas de administración y legislación ambiental muy diferentes, en un escenario
binacional que se repite a lo largo de la frontera México-Estados Unidos con condiciones naturales muy
similares, como es el caso de la cuenca del río San Pedro en la misma región Sonora-Arizona, donde además
de problemas de cantidad de agua, existen problemas serios en cuanto a su calidad.
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