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Introduction

Purpose and Scope

The purpose of this study is to use stable isotopes to track the subsurface movement of
Central Arizona Project (CAP) water that is artificially recharged at the City of Tucson’s
Clearwater Renewable Resource Facility and the Central Arizona Water Conservation District’s
(CAWCD) Pima Mine Road Facility. This report summarizes the findings of CAP water trends,
for 2009, in Clearwater’s Southern Avra Valley Storage and Recovery Project (SAVSARP) and
CAWCD’s Pima Mine Road Recharge Project (“Pima Mine”), the latter of which is considered a
part of the Clearwater Program.

Background

Water Resources in Tucson and the Clearwater Program

Historically, groundwater was the primary source of water supply in the Tucson area. Avra
Valley and Tucson Basin aquifers supplied most of the water used in this area. However, rapid
urbanization of Tucson increased water usage over the past few decades and demand for
water is predicted to increase further with growing populations. Current groundwater
withdrawals in many places have surpassed natural recharge, causing a drop in the water
table, reduced surface flow and land subsidence. The Clearwater Renewable Resource Facility
was developed to meet the current and future water needs of Tucson Water customers by
utilizing Tucson’s share of CAP water.

The Central Arizona Water Conservation District (CAWCD) was created in 1971 to construct
Lake Havasu and aqueducts for transporting water to various parts of Arizona. The project
was completed in the early 1990s and has been in operation since then, providing Colorado
River water to Arizona cities, towns and rural areas. The Central Arizona Project includes a
series of aqueducts that transport water from Lake Havasu on the Colorado River in western
Arizona to cities, towns, and agricultural areas in central and southern Arizona. Some of the
water is stored along the way in Lake Pleasant, which is impounded by the New Waddell Dam
on the Agua Fria River northwest of Phoenix. The CAP water delivered to the Clearwater
Facility is thus a mixture of Colorado River water, Bill Williams River water (which flows into
Lake Havasu near the CAP diversion), and Agua Fria River water. However, the Colorado River
is by far the most significant water source.



The Clearwater Renewable Resource Facility, located in Avra Valley, west of Tucson, was
developed to fulfill two purposes: a) serve the City of Tucson Water Department (“Tucson
Water”) customers with a blend of recharged CAP water and Avra Valley groundwater and

b) artificially recharge groundwater with Colorado River water brought into the region by the
Central Arizona Project (CAP) aqueducts. The Clearwater Facility includes the Central Avra
Valley Storage and Recovery Project (CAVSARP) and the Southern Avra Valley Storage and
Recovery Project (SAVSARP), where groundwater recharge began in early 2008.

Avra Valley is a large alluvial basin in the Basin and Range province of southern Arizona. Itis
separated from the Tucson basin to the east by the Tucson Mountains. The climate is arid,
and native vegetation is sparse. Land use surrounding the recharge area is mostly agricultural.
The depth to groundwater in the regional aquifer prior to the initiation of recharge and
recovery operations was between 350 and 375 feet below land surface and groundwater flow
direction is to the north-northwest (Tucson Water, 1998). No significant, natural, perennial
surface water sources are present in Avra Valley, and Brawley Wash, the major drainage
feature in the valley, is ephemeral.

SAVSARP is located southeast of CAVSARP, where it spans an area of three and a half miles.
This is a relatively new recharge project compared to CAVSARP. There are nine recharge
basins and 22 wells in the project area that are monitored to observe CAP water arrival and
trends (Figure 1). Groundwater levels in the SAVSARP area have declined over the past
decade due to groundwater pumping. Like CAVSARP, SAVSARP is designed to recharge
groundwater and provide a blend of CAP and groundwater to Tucson Water customers.
CAVSARP and SAVSARP together are expected to fully utilize the City of Tucson’s CAP water
entitlement (Tucson Water, 2000). The initial phase of SAVSARP is designed to annually
recharge 60,000 acre-feet of water delivered by the CAP aqueduct.

In addition to the Clearwater facility, Tucson Water uses the Pima Mine Road Recharge Project
for recharge activities. It is located near Sahuarita, south of Tucson, on the Santa Cruz River
floodplain, and comprises 37 acres of spreading basins (Figure 2). It consists of an original
pilot facility and an expanded facility. Full-scale operations began in September 2000 using
only the pilot basins while construction of the expansion project was underway. Recharge at
the expansion basins began in December 2001(CAP, 2011). This recharge facility is
replenishing Tucson Water’s Santa Cruz Well Field with recharged CAP water from the project.
The well field is one of Tucson Water's oldest production fields, which was developed starting
in 1954 to provide enough water to match the post-war population boom. Currently, there
are 15 active production wells operating in the field, producing about 6,400 acre-feet per year
for potable use. Tucson Water is using the PAG isotope program to help quantify the effect of
the recharge water coming into the field at various well sites and the point of entry to the
service area (Thompson, 2011). This portion of our isotope program began in early 2009.



The following map shows the locations of all three recharge facilities.
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Stable Isotope Methodology

Isotopes of a given element, such as oxygen, have the same number of protons, but different
numbers of neutrons, and therefore different atomic weights. The principal isotopes of the
elements in water are:

hydrogen-1 (1H);

hydrogen-2, or deuterium as it is commonly known (2H or D);
oxygen-16 (160); and

oxygen-18 (180).

These are referred to as “stable” isotopes because they do not undergo radioactive decay. The
stable isotopic composition of a water sample is defined by the relative abundances of the
isotopes defined above. Relative abundances are expressed in delta () values that compare
the isotopic composition of the water of interest to the isotopic composition of a standard,



such as standard mean ocean water (SMOW). Delta values are usually expressed in parts per
thousand (i.e., per mil or %o0), and are calculated from the equation:

R

d= sample”

Rstandard3 1000

standard

Ris the ratio of the heavy isotope (e.g., 180) to the light isotope (e.g., 160). Water that
originates from atmospheric moisture is known as meteoric water. Graphs of 8D vs. §180
values for meteoric water samples tend to fall along a straight line defined by the equation:

6D =8*6180+ 10

This line is known as the meteoric water line (Craig, 1961). The isotopic composition of a
water sample is often described by comparing the location of its 6D and 6180 values with
respect to the meteoric water line. The deuterium excess parameter (d-parameter), which
was defined by Dansgaard (1964) as: d = 6D - 8*(6180), is useful for this purpose (IAEA, 1981).
A d-parameter value of 10 indicates that the water sample lies on the meteoric water line. A
d-parameter less than 10 indicates that the water sample lies below the meteoric water line;
this is typical of water that has undergone partial evaporation. A d-parameter value greater
than 10 indicates that the water sample plots above the meteoric water line.

Any water source’s stable isotopic composition is a function of its origin and any subsequent
isotopic fractionation'. Ocean water has 8D and 6180 values close to zero %o SMOW,
although some variation occurs. Atmospheric water vapor originating from evaporation of
sea water is lighter than sea water (i.e., it has negative & values), while precipitation
originating from this water vapor is slightly heavier than the vapor remaining in the
atmosphere. In general, precipitation becomes progressively lighter (i.e., more negative) from
the equator toward the poles, from the coast inland, and from lower to higher elevations
(IAEA, 1981).

CAP water, which is primarily Colorado River water, is isotopically distinct from groundwater
at the Clearwater site. Precipitation that generates Colorado River water condenses from
colder, higher-latitude air masses and falls at higher elevations than precipitation that
recharges Avra Valley groundwater. CAP water thus tends to be isotopically lighter than Avra
Valley groundwater. CAP water’s isotopic composition is also strongly affected by
evaporation because of the water’s long residence time in arid-region reservoirs and canals.
Consequently, isotope data for CAP water samples plot significantly below the meteoric
water line, while data for Avra Valley groundwater samples tend to plot along the meteoric
water line. Although the evaporative effects enrich CAP water in deuterium and oxygen-18,
the water is still isotopically lighter than Avra Valley groundwater.

1 |sotopic fractionation refers to various chemical and/or physical processes that cause isotopic ratios to ahiantmpicAn example
fractionation is evaporation frora.aAakhe water in the lake evaporates, the remaining water becomes enriched in the heavier isotopes (D
and!€0), because the molecules with the lighter isotopes evaporate preferentially.
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The isotopic distinction between CAP water and groundwater at the Clearwater site makes it
possible to track the movement of recharged CAP water in the underlying aquifer using
stable isotopes.

Isotopic Monitoring for Tucson Water

In addition to groundwater level and water quality monitoring for the Clearwater project,
Tucson Water has included isotope monitoring as a supplemental tool to track the movement
of recharged CAP water after it reaches the aquifer. Pima Association of Governments (PAG),
Tucson Water and the University of Arizona - Laboratory of Isotope Geochemistry are jointly
conducting this monitoring.

This report includes analysis of stable isotope data collected from the SAVSARP and Pima
Mine areas in 2009. The report also includes data collected from SAVSARP during the
exploratory phase of the project in 2002, 2006 and 2007. Wells sampled during the
exploratory phase include AV-015B, AV-016A, AV-017A, AV-018A, AV-019A, AV-020A, AV-
021A, AV-023A, AV-024A, WR-500A, WR-502A, WR-504A, WR-506A, WR-508A, WR-510A, WR-
512A, WR-518A, WR-519A and WR-523A. After the initiation of the CAP water recharge, a set
of monitoring and recharge wells were selected for isotope monitoring. The number of wells
selected varied, but the monitoring wells were tested more frequently than the recharge
wells.

In 2009, isotope samples were received for five Pima Mine wells. Additional wells will be
sampled in 2010. Data collected previously for CAVSARP are not included in this report, since
wells associated with this site were not sampled for isotopes in 2009.

Methods for Data Collection and Analysis

This study initially established the baseline stable isotopic compositions of the ambient
groundwater at the Clearwater Facility and of the CAP water recharged there. Sampling of
groundwater continues so that the movement of recharged CAP water can be tracked after it
reaches the aquifer. Continued sampling of the source water also has been necessary,
because of the dynamic nature of the water sources from which CAP water is derived,
including varying mixtures of the Lake Pleasant water and the Colorado River water.

For the most part, stable isotope sampling coincides with Tucson Water's sampling schedule
for water quality constituents. This year, groundwater stable isotope samples for the
Clearwater Facility were collected from SAVSARP recovery wells AV-014A, AV-018A, AV-019A,
AV-021A, AV-022A, AV-023A, AV-024A, AV-024B, AV-026A, SA-015A and SA-017A; SAVSARP
monitoring wells WR-500A, WR-502A, WR-504A, WR-506A, WR-508A, WR-510A and WR-512A;
and Pima Mine wells SC-010A, SC-012A, SC-016A, SC-021A and SC-023A. Raw CAP water
delivered to the site, as well as the combined point of entry (167R) for the recovered SAVSARP
water as it leaves the Hayden-Udall Water Treatment Facility, were also sampled.



Field and Laboratory Methods and QA/QC
Field Data Collection

All groundwater samples were collected directly from the wellhead by Tucson Water staff.
Prior to sampling the monitoring wells, at least three to five well volumes were pumped out
in order to purge the wells. Tucson Water staff measured static water levels, pumping water
levels, specific electrical conductivity (EC), temperature, dissolved oxygen, and pH, prior to
sampling.

All sample containers used for stable isotope analyses of CAP water and groundwater were
rinsed three times with sample water prior to sample collection in order to remove any
moisture that might otherwise have contaminated the sample. The sample bottles were
individually labeled using indelible ink with the sample name, date and time of collection.
Chain-of-custody forms accompanied the samples from the field to the laboratory. No
sample preservation or filtration was required for the analyses. The samples were collected in
tightly sealed containers with minimal headspace.

PAG staff tracked the sampling schedules and transported the samples between Tucson
Water facilities and the University of Arizona’s Laboratory of Isotope Geochemistry in Tucson,
AZ., which conducted all of the stable isotope analyses. All 6D and 6180 measurements were
made with a Finnegan DELTA-S mass spectrometer. The 180 analyses were performed on
carbon dioxide with which the water samples were equilibrated. The 6D analyses were made
on hydrogen that was liberated from the water samples by reaction with chromium. The
laboratory calibrates relative to Vienna Standard Mean Ocean Water (V-SMOW) and Standard
Light Antarctic Precipitation (SLAP), which are international standards for stable isotope
measurements in natural waters (Eastoe, 1997; Laboratory of Isotope Geochemistry, 1992;
Laboratory of Isotope Chemistry, 1997).

In 2009, twelve duplicate samples from SAVSARP wells (including one sample of CAP water)
were submitted for stable isotope analyses for QA/QC purposes. Results from duplicate
samples collected in 2009 are shown on Table 7. No duplicate samples were collected from
the Pima Mine wells.

Data Analysis

Estimates of CAP Water Percentages in Samples

Data obtained from the University of Arizona laboratory were evaluated by PAG staff in order
to calculate CAP water percentages in water withdrawn from wells during 2009. Estimation of
relative amounts of CAP water and groundwater were based on locations of data points on
dD vs. d180 plots. An example of the graphical method used for the estimates is shown
below. Microsoft Excel software was used for creating a spreadsheet for data provided by the
laboratory, creating scatter plots for dD vs. d180 values and introducing trend lines in the
scatter plots. In a plot, trend lines were introduced for CAP water data series and groundwater
data series (obtained from the wells). A data point (point "A") representing 100 percent
groundwater was estimated by visually projecting early well sample results to the well data
series trend line. The intersection of the well data trend line and CAP water trend line was
assumed to represent a well sample containing 100 percent CAP water (point "B"). Point "C"is
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the location of the well sample of interest along the well data trend line; if necessary the point
was established by visually projecting the sample result perpendicularly to the trend line. The
fraction of CAP water in the samples was estimated by manually measuring the linear
distance along the well data trend line, between a point representing 100 percent
groundwater (point "A"), and the projection of the data point on the well data trend line
(point "C"). The length of segment "AC" divided by the length of segment "AB" yielded the
fraction of CAP water in the samples.

Results and Discussion

Only five out of 18 SAVSARP wells monitored in 2009 showed the presence of CAP water. Of
the Pima Mine wells, four of the five wells show preliminary indications of the presence of
CAP water, but additional samples are needed to extrapolate a trend line.

All data collected from the SAVSARP and Pima Mine projects between January and December
2009 is presented in Tables 1 through 8 in Appendix I. Table 1 lists all SAVSARP and Pima
Mine wells and their respective screened intervals. The SAVSARP sampling schedule for 2009
is shown on Table 2 and the Pima Mine sampling schedule for 2009 is shown on Table 3.
Table 4 shows cumulative sampling results for 2002 and 2006-2009 and separate sampling

results for 2009 for both Delta O-18 and Delta D for all ||| the
5 ing for
,the -
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