
Date: May 12, 2009 

To: CitylCounty Water and Wastewater 
Study Oversight Committee 

From: Chuck Huckelberry 
County Administrator 

Mike Letcherl' 
City Manager 

Re: CitylCounty Riparian Protection Technical Paper 

As part of Phase II of the CitylCounty Water and Wastewater Study, the City and the County 
were asked to explore opportunities for protecting environmentally sensitive natural riparian 
areas in Eastern Pima County connected to areas of shallow groundwater and perennial and 
intermittent streams supporting unique riparian vegetation. Such areas include Sabino Canyon, 
Tanque Verde Creek, Cienega Creek, Arivaca Creek, and the San Pedro River. Multiple 
benefits accrue from protecting these sensitive areas, including slowing flood flows, reducing 
and preventing erosion, improving water quality, and conserving wildlife habitat, recreational 
opportunities, and scenic values. 

This paper provides a description of groundwater/shallow water dependant ecosystems and 
identifies sensitive riparian habitat found along intermittent and perennial stream courses and in 
shallow groundwater areas in eastern Pima County. Changes and trends that have or may 
occur to water sensitive riparian areas are discussed. Finally, an overview is provided of City 
and County policies and programs that help preserve these water sensitive riparian areas. 

Over the past century, eastern Pima County has lost significant amounts of riparian vegetation 
as groundwater levels have declined. The City of Tucson and Pima County have been taking 
steps to reverse this trend by replacing groundwater pumpivg and surface water diversions with 
renewable water supplies, such as CAP and reclaimed water, and preventing additional 
groundwater pumping. The City of Tucson, for example, extended reclaimed water lines to the 
Forty Niner's Country Club Golf Course and connected the golf course to Tucson Water's 
potable system, thereby replacing groundwater pumping along Tanque Verde Creek with 
renewable water supplies. The City also reduced pumping from Tucson Water's Tanque Verde 
wells by 80 percent from 2000 to 2008. Pima County, through voter approved bond funds and 
flood control tax levies, has purchased tens of thousands of acres of land, along with water 
rights, around these sensitive riparian areas thereby retiring and preventing damaging 
groundwater pumping. A proposal is due before the County's Conservation Acquisition 
Commission and the Board in June to prevent an additional 1,600 acre feet of groundwater 
pumping along Cienega Creek. In addition, Pima County's new water resources policy 
promotes the use of renewable supplies over groundwater pumping for proposed new 
developments within these sensitive areas. 
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The proposal that Tucson Water and Metro Water work together to wheel Metro's CAP 
allocation through Tucson Water's existing lines, to reduce Metro's groundwater pumping in and 
around Sabino Creek, are the types of creative solutions that this community needs to actively 
pursue. Solutions such as this will be explored further in a future technical paper on the current 
disconnect between land use and water resources. 

State rules and regulations associated with exempt and non-exempt groundwater wells, along 
with exemptions associated with the use of groundwater for mining, continue to be an obstacle 
to protecting these ecological treasures. 

For the protection of shallow groundwater areas and their associated important ecosystems 
within Pima County, the following recommendations are offered: 

a 	 Financially support continued acquisition of land and water rights near groundwater 
dependant ecosystems and perennial and intermittent streams. 

a 	 Continue exploring options for protection and enhancement of environmentally sensitive 
areas such as Cienega and Rincon creeks and Canoa, which may include but not be 
limited to purchase of water rights and extending reclaimed water lines. 

a 	 Evaluate the effectiveness of City and County programs and policies within their 
respective jurisdictional areas and water service areas regarding the protection of 
environmentally sensitive areas from groundwater withdrawal, surface water diversions 
and riparian impairment. 

a 	 City and County should promote changes to State rules and law requiring mines to 
conduct impact studies when applying for well permits just like other applicants. 
Examine proposed changes at the rule making, policy and legislatiye levels. 

a 	 Where legally possible, prohibit new non-exempt wells and limit pumping of new exempt 
groundwater wells within and near shallow groundwater ecosystems. 

a 	 Tucson Water and Metro WaterIHub should discuss the potential for wheeling of a 
portion of Metro's CAP allocation to MetrolHub through Tucson Water's integrated 
potable water distribution system at a cost of service price, in order to reduce 
MetrolHub's groundwater pumping in the immediate area. 

a 	 Initiate a public awareness and conservation campaign targeting exempt well owners in 
sensitive shallow groundwater areas to educate them on the important connection 
between water and riparian areas. 

a 	 The County, City, other jurisdictions andlor local water providers need to support water 
level data collection and aquifer monitoring programs in shallow groundwater areas 
which fall under their jurisdictional authority or where they pump local groundwater. The 
Rincon Creek area is especially lacking such a monitoring program. Additional water- 
level monitoring wells dedicated to long-term efforts are needed in many of these areas. 
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Recommendation 

It is respectfully recommended that the Committee review this report and provide input to the 
City and County on its recommendations. 

Attachment 

c: 	 John Bernal, Deputy County Administrator for Public Works 
Jeff Biggs, Director, Tucson Water 
Suzanne Shields, Director, Pima County Regional Flood Control District 
Mike Gritzuk, Director, Pima County Regional Wastewater Reclamation 
Frank Postillion, Chief Hydrologist, Pima County Regional Flood Control District 
Chris Avery, Chief Water Council, Tucson Water 
Nicole Ewing Gavin, Assistant to the City Manager, City of Tucson 
Melaney Seacat, Sr. Program Manager, Pima County Regional Wastewater Reclamation 
Nicole Fyffe, Executive Assistant to the County Administrator, Pima County 
Leslie Liberti, Director, City of Tucson Office of Conservation and Sustainable Development 
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Background & Introduction - As part of the scope for the Joint City of Tucson/Pima County 
Water and Wastewater Infrastructure Supply and Planning Study, the City and County were 
asked to explore opportunities for protecting environmentally sensitive natural riparian areas in 
Eastern Pima County connected to areas of shallow groundwater and perennial and intermittent 
streams supporting unique riparian vegetation  
 
Purpose and Scope - To explore opportunities for protecting groundwater dependant 
ecosystems in Eastern Pima County this paper examines the following: 
 

• A description of ground water/shallow water dependant ecosystems 
 

• Identification of sensitive riparian habitat found along intermittent and perennial stream 
courses and in shallow groundwater areas in eastern Pima County; 

 
• Documentation of changes and trends that have or may occur to water sensitive riparian 

areas; 
 

• An overview of City and County policies and programs that help preserve these water 
sensitive riparian areas; 

 
• A summary of findings; 

 
• Recommendations to further protect self-sustaining environmentally sensitive riparian 

areas. 
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1. Groundwater and Ecosystem Relationships 
 
Areas with access to shallow regional groundwater, shallow local groundwater systems, local 
perched groundwater and surface water support some of the rarest and most unique habitat in 
the southwestern United States, including gems of Pima County such as Sabino Canyon, 
Cienega Creek, and Bingham Cienega. Riparian habitat can range from a narrow band of 
grasses and shrubs along a desert wash to a closed canopy of large mature trees.  Areas which 
have surface or near surface water can support the rarest and most valued habitats, called 
riparian obligate (obligated to water), or hydro-meso riparian communities. Keystone plant 
species of these areas include cottonwood, willow, walnut, ash, and others that cannot live 
without ready access to water. These hydro- meso- riparian habitat areas are of particular 
importance to wildlife, providing food, nesting habitat, cover, and migration corridors. Riparian 
vegetation also slows flood flows, provides erosion protection for river banks, improves water 
quality, and provides numerous economic benefits, recreational opportunities, and aesthetic 
values.  

 
Figure 1. Sources of inflow and outflow to a basin.  A high water table can support streamflow 
discharge and plant water needs (evapotranspiration) during the driest times of the year.  
(Source: Fonseca, J. 2008). 
  
 
Groundwater levels are not static, but change due to variations in water inputs and withdrawals 
(Figure 1). Our local landscape is characterized by areas of mountainous and subsurface 
bedrock, overlain by consolidated and/or loose valley fill. Where water has fill sub-surface 
basins or recharged along mountain fronts and stream courses, there is the opportunity for 
shallow groundwater. How water comes to be at the surface arises from geologic and climatic 
factors. The presence of a stream or spring may result where migrating groundwater is forced to 
the surface due to subsurface bedrock, faults, or impermeable clay layers.  
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Figure 2.  Cross-sectional view of river valley showing relationship between water table and 
common aquatic and riparian biotic communities (Illustration adapted from Julie Stromberg, 
Barbara Tellman and Julia Fonseca, based on data in ADWR 1994) 
 
 
Relatively small differences in shallow groundwater elevations can be of great significance 
ecologically, particularly in the first several feet below land surface.  It is crucial to realize that 
riparian vegetation is dependant upon preserving the near-surface water (Figure 2).  
 
Groundwater levels are affected by recharge from precipitation and its variability (Scalero et al., 
2001).  The arid to semi-arid conditions of the southwest means that more water is lost to the 
atmosphere than gained at ground surface from rainfall and snowmelt. Under drought or 
overdraft groundwater pumping conditions (Figure 3), this trend can be exacerbated.   
 
If a groundwater change is gradual (years to decades), the vegetation may shift toward a 
different plant community (Stromberg in ADWR, 1994). Without access to water within a few 
feet of the surface, these hydro- meso- riparian systems will become stressed, unsustainable, 
and may eventually die out and be replaced by upland vegetation types (Haney et al., 2008).  
Beyond 50 feet below land surface, the connection between the water table and groundwater-
dependent ecosystems breaks down.  Riparian vegetation species may be present but will 
depend largely on surface flood flows.  
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Figure 3. Effects of rapid groundwater decline upon riparian vegetation. The first effects include 
reduced canopy foliage and reduced herbaceous vegetation diversity and cover.  Loss of base 
flows to stream is shown in second panel, followed by death of characteristic woody riparian 
trees as groundwater declines below the root zone.  In this example, groundwater pumping 
draws down the aquifer, however reduced streambed recharge rates caused by upstream dams 
or climate change could have similar effects. (Source: Fonseca, J. 2008)   
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2. Hydro- and Meso-Riparian Ecosystems in Eastern Pima County 
 
The connection between groundwater, streamflow, and vegetation still exists along some 
streams and springs in Pima County. Sabino Canyon, Cienega Creek, San Pedro River, Arivaca 
Creek, and others are some of the top ecological treasures in Pima County.  

Several reports associated with preparation of the Pima County Sonoran Desert Conservation 
Plan (SDCP) have documented sensitive riparian areas associated with intermittent and 
perennial streams, springs and shallow groundwater areas (Pima County, 1999; Fonseca et al, 
2000a; Fonseca et al., 2000b; PAG, 2001a; PAG, 2001b;; Hill et al., 2001). Additionally, a report 
by the Pima Association of Governments (PAG) documented groundwater pumping withdrawals 
and surface water diversions within and in the vicinity of shallow groundwater areas in Eastern 
Pima County (PAG, 2000). The report identified the total number of wells within one mile of 
identified shallow groundwater areas (SGAs) and perennial and intermittent streams. The report 
also documented the withdrawal of non-exempt and exempt wells in these areas and surface 
water diversions. A follow-up PAG report prepared in cooperation with the Pima County 
Regional Flood Control District (RFCD) documented changes in well numbers and pumping in 
SGAs from 1984-2006 (PAG, 2008). The report identified annual pumping from exempt and 
non-exempt wells over the 1984-2006 period and identified the changes in average annual 
pumping in SGAs. It identified several new SGAs in the process. These reports were 
commissioned because of the potential for dewatering below healthy water-level thresholds for 
riparian vegetation. Other reports have identified riparian areas associated with effluent flows, 
but this topic is not part of the scope of this paper. It will be discussed in another forthcoming 
white paper. 
 
Perennial and Intermittent Stream Areas 
 
Figure 4 shows the extent of perennial and intermittent streams including springs in Eastern 
Pima County as depicted by Pima County SDCP MapGuide overlay (Pima County, 2008). 
These streams have considerable overlap with shallow groundwater areas as they leave 
mountainous areas, and are also inter-connected. Perennial and intermittent streams typically 
begin in such areas as the Catalina and Rincon Ranges and become shallow groundwater in 
the adjoining basins such as the Tanque Verde, Sabino, Agua Caliente, and Rincon. Other 
areas such as Cienega Creek and Arivaca Creek are characterized by shallow bedrock forcing 
groundwater flow to the surface. Groundwater dependant perennial and intermittent streams are 
affected by groundwater pumping and precipitation patterns; in the case of shallow perched 
groundwater, where there is no hydraulic connection to the regional system, stream flows and 
water levels are more affected by climatic conditions. The following section discusses two vitally 
important local areas dependant on perennial and intermittent flow. Cienega Creek and Sabino 
Canyon are world renowned to visitors and have been studied as some of the last remaining 
havens in the desert. In addition to these two areas, several others perennial and intermittent 
streams need mention and will be referred to in the shallow groundwater section or other 
portions of the report. They include the Tanque Verde Wash, Bingham Cienega, Arivaca Creek, 
and Rincon Creek.  
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Figure 4.  Perennial and intermittent streams and springs in Eastern Pima County       
 



 

City/County Water & Wastewater Study Phase II 
Riparian Protection Technical Paper 

Page 7 of 23 

Figure 6. Pantano Dam. Flow is diverted into the concrete 
box on left side of dam and sent one mile to a downstream 
golf course.  

Cienega Creek and Davidson Canyon Wash   

Cienega Creek and Davidson Canyon Wash have outstanding wildlife habitat values and 
Pima County has implemented several efforts including establishment of a preserve to protect 
the area’s ecological values (Figure 5).   The Cienega Creek Preserve located east of Vail 
Arizona, portrays a likeness of what the Santa Cruz River at Tucson once possessed: a 
precious year-
round flow with 
lush riparian 
vegetation and 
abundant wildlife. 
Acquisition and 
establishment of 
the Preserve in 
1986 marked 
Pima County's 
first major flood 
control effort that 
included riparian 
habitat 
preservation.  
Management of 
this area resulted 
in an award in 
2006 from the 
American 
Fisheries Society. 

The perennial and intermittent reaches of Cienega Creek within the Preserve are designated as 
an Outstanding Water of Arizona, which provides additional protection by the State from 
degradation to water quality.  The 
perennial reaches are home to two 
Threatened and Endangered 
species (Gila chub and Gila 
topminnow) that provide some 
federal protection to the stream and 
associated habitats through the 
Endangered Species Act. 

At the Pantano Dam site perennial 
flow in the Cienega Creek is diverted 
to a golf course near Colossal Cave 
Road (Figure 6). Downstream of the 
Dam the surface water disappears 
because of the diversion and the 
vegetation abruptly changes. 

A geophysical study was undertaken 
by RFCD to assess effects of ceasing 
the diversion. The objective was to 

Figure 5.  Cienega Creek, Davidson Canyon and Cienega Creek Natural 
Preserve
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evaluate the potential for recovery of water levels downstream of the dam should surface-water 
diversions ease. The study identified a shallow aquifer that may be able to fill if the surface flow 
at the dam is not diverted (Postillion, et al 2006).  

Figure 7 illustrates how the transition of perennial flow to shallow aquifer and then to the 
regional aquifer occurs along Cienega Creek. Water levels in this shallow groundwater area are 
dependent upon surface flows and are highly responsive to flood events. The study concluded 
that riparian habitat can be re-established in this area if perennial flow is not diverted. 
Negotiations with the water right holder at Pantano Dam have been initiated several times. 
When effluent or reclaimed water is available as an alternative source of irrigation for the golf 
course, the operator will be obligated at that time, by agreement with the County, to use that 
supply. 

Figure 7. Map and cross section showing location of shallow groundwater and regional aquifer along 
Cienega Creek below Pantano Dam.  Notice in the upper photograph the difference in riparian 
vegetation upstream and down stream of the dam. 
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Figure 8.  Sabino Canyon Dam and overflow. Photo by Stuart 
Glogoff

Sabino Creek 

The iconic Sabino Creek is a 
highly prized and important 
recreational area immediately 
northeast of Tucson (Figure 8).  
Thousands of visitors come to 
enjoy the perennial stream 
extending from its headwaters in 
the Catalina Mountains. Fed by 
the waters of Sabino Creek and 
sheltered by the canyon walls, 
the hydro-meso riparian habitat 
offers an interesting contrast to 
those found in the surrounding 
Sonoran desert. The shade and 
cool water attract many animals 
including colorful and rare birds, 
larger and smaller mammals, 
and human visitors year-round. 
Most of the perennial portion of 
Sabino Creek is administered by 
the U.S. Forest Service. However, 
the creek extends as an 
intermittent watercourse as it 
leaves the Forest Service boundaries and eventually joins the Rillito. Cottonwood, willow and 
mesquite riparian habitat continue along this long stretch of watercourse. Because Sabino 
Creek crosses private property downstream of the Forest Service land, it is vitally important to 
have the owners collaborate to preserve and protect this important urban riparian wonder 
through a reduction of exempt and non-exempt well pumping  
 
Shallow Groundwater Areas 
 
The shallow groundwater areas (SGAs) of eastern Pima County support  habitat that include a 
variety of hydro-and meso-riparian vegetation such as Cottonwood, willow, ash, hackberry and  
stands of large mesquite trees. In turn these areas provide cool respite from the heat for 
humans, mammals, birds, and smaller reptiles. They are typically inter-connected with perennial 
and intermittent streams. Several definitions of shallow groundwater have been discussed. PAG 
(2008) classified them in Pima County as areas having a depth to water of 50 feet or less. In 
areas with a lack of water level data, SGAs were demarcated by indicator plants that thrive on 
shallow groundwater, including cottonwood, willow and mesquite bosque.  Figure 9 shows the 
SGAs of Eastern Pima County based on the most recent SDCP MapGuide overlay (Pima 
County, 2008). The major SGAs in Eastern Pima County include Tanque Verde/Agua Caliente, 
Sabino Canyon, Cienega/Davidson Canyon, Canoa Ranch, Rillito, Arivaca/Sopori, and Bingham 
Cienega on the San Pedro River. Several of the SGAs potentially in danger of habitat loss due 
to pumping nearby are discussed below.  
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The Tanque Verde Creek and Agua 
Caliente Wash shallow groundwater 
area is approximately 12 square 
miles (Figure 10). This shallow 
groundwater area is characterized 
by large stands of cottonwood, 
willow and mesquite trees. Pumping 
and diminished local surface water 
runoff and recharge from drought 
has, in this critical SGA, historically 
resulted in loss of riparian trees. 
With careful management the trend 
can be reversed.  
The Arivaca shallow groundwater 
zone supports one of the few 
remaining cienegas and perennial 
streams in southern Arizona (Pima 
County, 2001).  Seven springs 

Figure 9.  Shallow ground water areas in Eastern Pima County 

Figure 10.  Tanque Verde Creek shallow groundwater area 
near Forty Niner’s Country Club 
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Figure 12.  Cottonwoods supported by shallow groundwater area 
near Canoa Ranch (SCR). 

support the cienega, which covers approximately two linear miles and contains riparian and 
wetland habitats that support a 
variety of rare wildlife including 
migratory neotropical birds.  The 
perennial reach of the creek 
(Figure 11) covers approximately 
one linear mile and contains 
giant cottonwoods and lush 
riparian understory that attract 
song birds, owls and coatimundi 
(USFWS, 1999).  A portion of the 
Arivaca SGA is included in the 
Buenos Aires National Wildlife 
Refuge.   
                 
The Sopori Wash SGA near the 
Sopori Ranch is characterized by 
shallow alluvial groundwater 
ranging from 10 to 60 feet below 
ground surface, supporting older 
cottonwoods, willow, ash, hackberry and large stands of mesquite trees. All these important 
hydro and meso-riparian species are supported by a fragile shallow ground-water system 
sensitive to significant ground-water pumping.  Several important riparian dominated washes 
drain into the Sopori Wash, including Batamote, Saucito, Sherriff’s Draw, Proctor and Moyza 
Canyon Wash. 
 
In 1999, the Pima County Board of Supervisors acquired Canoa Ranch as the first major 
acquisition under the Sonoran Desert Conservation Plan.  The vision was to showcase the 
area’s historic ranch as a major tourist destination and to preserve and restore the floodplain. 
The southern portion of the 
Ranch has a unique shallow 
groundwater area that is 
maintained by Santa Cruz River 
flood flows, snow melt and 
mountain front recharge, and 
seasonal effluent recharge from 
the Nogales International 
Wastewater Treatment Facility. 
(Figure 12). Recent RFCD 
studies have shown that this 
shallow aquifer is very sensitive 
to flood events, seasonal rainfall 
and pumping of six large 

capacity Freeport McMoran 
mine wells on the Ranch. 
(Connolly, Postillion and 
Fonseca, 2008).  Figure 12 shows a struggling habitat of spotty cottonwoods as a result of 
increased pumping on Canoa Ranch. 
 
 

Figure 11.  Arivaca Creek.  Photo by Thea Ulen. 
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Changes and Trends in Water-Sensitive Hydro- and Meso-Riparian Ecosystems 
 
This section describes the documented changes and trends in perennial and intermittent 
streams and SGAs, both historically and more specifically over the last 20 years. This is 
particularly important since over the past century Eastern Pima County has lost significant 
amounts of riparian vegetation as shallow groundwater has declined.  Historically, roughly 
55,000 acre-feet per year of groundwater was used annually by river ecosystems in the Santa 
Cruz basin (Freethey et al.,1986). Today, only about 3,000 acre-feet (AF) of groundwater is 
annually available to meet those needs according to ADWR. 
 
Tanque Verde Creek has the largest remaining groundwater-dependent riparian area near 
Tucson, but the stream flows less frequently.  Most reaches of the Santa Cruz, Rillito and 
Pantano no longer run year-round, and remaining riparian vegetation subsists mainly on 
seasonal stream flows, and on perched shallow groundwater in some areas. 
 
If riparian areas are to be preserved water must be available for the environment.  Groundwater 
depletion and surface water diversions can be reversed by shutting off wells and substituting 
renewable water supplies to augment groundwater pumping in areas where it can make a 
difference.  
 
Changes and Trends to Perennial and Intermittent Stream Areas    
 
PAG (2000) reported the majority of perennial and intermittent streams did not have reported 
pumping nearby.  However, many of these areas had exempt wells that can pump up to 35 
gallons per minute and not be reported to ADWR.  PAG (2000) showed stream areas in 
association with exempt and non-exempt wells and the total amount of pumping from the non-
exempt wells. 
 
PAG (2008) focused on SGAs and additional wells and pumping in these areas. It did not 
evaluate changes and trends in perennial and intermittent streams.  However, the SGAs and 
perennial and intermittent streams have significant overlap in areas such as Tanque 
Verde/Agua Caliente, Sabino, Rincon, Cienega/Davidson, Canoa, Arivaca, and Sopori.  
Coupled with little to no pumping occurring in the mountainous or extremely rural portions of 
Pima County, it is assumed that the discussion on SGAs also applies to most of the perennial 
and intermittent streams. 
 
Surface water diversions in 2006 included 403 AF from Cienega Creek at Pantano Dam via a 
pipeline to the Del Lago Golf Course, west of Colossal Cave Road for golf course irrigation 
(ADWR, 2006). Similar diversions have occurred since the golf course commenced in the late 
1990s. 
 
Changes and Trends to Shallow Groundwater Areas 
 
The PAG 2008 study was a follow-up to their 2000 report on groundwater withdrawals near 
perennial and intermittent streams and SGAs in Eastern Pima County.  The latest report 
summarizes pumping trends from 1984 to 2006 within the SGAs identified in the previous 
report.  A summary of exempt and non-exempt wells for Calendar Year 2006 are provided, as 
well as the total amounts withdrawn in each shallow groundwater area. The PAG (2008) report 
identified nine more SGAs not included in the 2000 report, based upon additional information. 
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A summary table has been prepared using data from both the PAG 2000 and PAG 2008 reports 
(Table 1).  Well data from the PAG (2000) report was an average from Calendar Years 1994 
though 1998, while data from the PAG (2008) report is the total from the 2006 Calendar Year.  
Well numbers were determined using the Wells 55- and Groundwater Site Inventory Databases 
provided by ADWR.  Pumping information was provided through annual reports submitted by 
non-exempt well owners to ADWR.  Exempt well pumping is not reported, however. ADWR 
estimates that one acre-foot per annum is pumped from these wells (PAG, 2008). 
 
Based on the table, the number of exempt wells increased in most shallow groundwater areas 
from 1998-2006.  Large increases occurred within the Tanque Verde, Agua Caliente, Sabino 
Canyon, Davidson Canyon, Arivaca and Sopori Wash.  Water pumped from these wells 
increased by almost 800 acre-feet (62%) from 1994 to 2006. 
 
The number of non-exempt wells in the shallow groundwater areas also increased from 1998-
2006, but by a smaller margin than exempt wells.  Areas of increased non-exempt wells 
included Tanque Verde Creek (West), Agua Caliente, Sabino Canyon, Rillito Creek and Arivaca.  
A reduction in the number of non-exempt wells occurred in Tanque Verde Creek (East), Sopori 
Wash, and San Pedro River near Bingham Cienega. 
 
Comparing 1994-98 with 2006, overall pumping in shallow groundwater areas increased by 
1,154 acre-feet (4.6%); however the largest increases occurred within the Santa Cruz River 
near Canoa Ranch and Rincon Creek (mostly non-exempt wells).  Moderate pumping increases 
occurred for Lower Cienega  A (mostly non-exempt wells), Davidson Canyon (exempt wells),  
Arivaca (mostly exempt wells), and Sopori (exempt wells)  Pumping reductions were observed 
in Agua Caliente , Rillito Creek, Sabino Canyon, Santa Cruz River in Tucson, and Tanque 
Verde  (both East and West). Overall, the largest reduction in pumping came from higher 
producing non-exempt wells. 
 
Table 1 provides a good “snapshot” of the overall pumping trend since 1994-1998, however it 
does not provide a complete picture.  A more comprehensive analysis is provided in the PAG 
2008 report with several graphs showing total non-exempt well pumping and pumping trends 
from 1984 through 2006 in various shallow groundwater areas.  This data, coupled with well 
hydrograph data supplied by the Arizona Wells website (SAHRA, 2009), is used to describe 
water level trends for several key shallow groundwater areas as provided below.1   

                                                 
1 Water–level response data is more representative of non-exempt well pumping trends, except for Arivaca, where 
exempt and non-exempt well pumping is generally similar.  In addition, there were wetter periods and flood flows in 
these areas in 1983 and from 1991 through 1993. 
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Rillito Creek Area: Well 321612110524001 (GWSI)
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Rillito Creek 
 
The Rillito Creek shallow 
groundwater area has seen a 
declining trend in non-exempt 
well pumping since 1984 
(Figure 13).  Peaks in pumping 
occurred in 1985, 1994 and 
1999 followed by steady 
declines.  A notable water-level 
hydrograph from one well in 
the area shows the response 
of water levels due to the 
increase and subsequent 

declines in pumping (Figure 14).  The increase in water levels observed in 1985, 1994 and 2006 
may be attributed to significant flooding events along Rillito Creek during those time periods.  
However, the well water-level hydrograph does appear to show a one to two year delay in the 
response of water levels from increased and reduced pumping. Water level recovery in 1993-94 
may be a result of river bed recharge of large flood flows. 
 
 Tanque Verde Creek 
 
After a peak of about 5,000 acre-
feet pumped in 1988, non-
exempt well pumping within the 
Tanque Verde Creek East area 
has shown a steady declining 
trend (Figure 15).  Water levels 
observed from two 
representative shallow wells in 
the area shows declining water 
levels in the late 1980’s (Figure 
16). Decreased pumping and 
significant floods in the early 
1990’s appeared to have caused 

Figure 13 

Figure 14 

Figure 15
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water levels to rise; however water levels declined with subsequent increased pumping in 1995 
and in 2000.  Pumping has decreased since 2001, and a steady recovery of water levels 
occurred  
 
Sabino Canyon 
 
Pumping amounts in Lower 
Sabino Canyon have been 
trending upward since 1984, 
despite some reductions 
between 1994 and the present 
(Figure 17).  Pumping reached 
a peak of about 4,500 acre-
feet in 1989, which is reflected 
in declining water levels in 
1990 and 1991 (Figures 18).  
Water levels rebounded 
somewhat over the next few 
years due to pumping 
reductions from 1990 through 
1993, which could also be the result of increased precipitation and associated runoff/recharge 
during that time period.  Drought conditions may be the primary cause of reduced water levels 
since 2001, despite an overall reduction in pumping.  Water levels may continue to rise if 
pumping continues to decline as it has since 2004, however there may be a temporal delay 
since streamflow recharge was low in 2004-2005.  

Figure 17 

Figure 18 

Figure 16 
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Santa Cruz River Area: Well 55-623122
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Santa Cruz River at Canoa 
 
The Santa Cruz River near 
Canoa Ranch SGA has seen 
the greatest pumping 
increases over the last 23 
years (Figure 19).   The 
increased pumping trend is 
reflected in an overall 
reduction in water levels since 
2001 (Figure 20).  Even the 
significant drop in pumping 
during Calendar Year 2002 did 
not stop the downward decline 
in the water table, which fell to about 70 feet below ground surface (bgs) in 2005.  This was the 
first time the water table was this low since 1981.  The water table has risen somewhat since 
2005, but is still under the 50 feet bgs threshold of a shallow groundwater area. 

 

 
 
4.   Current Efforts to Preserve Existing Environmentally Sensitive Ecosystems  

 
Pima County and City of Tucson are striving to implement policies that protect and enhance 
environmentally sensitive ecosystems. Objectives in the County 2008 Sustainability Action Plan 
and the City Environmental Planning and Conservation Element of the City General Plan call for 
identification and preservation of environmentally sensitive natural areas, including areas of 
shallow groundwater and perennial and intermittent streams that support unique riparian 
vegetation. The plans also seek to protect these areas when development of any kind occurs 
near them.  In addition, Pima County’s Sonoran Desert Conservation Plan promotes similar 
planning for groundwater sensitive ecosystems. Finally, County and City have both passed 
several ordinances protecting environmentally sensitive areas.   
 
 

Figure 19 

Figure 20 
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City of Tucson Policies 

 
The City of Tucson provides in its General Plan Element, Section 14- Environmental 
Planning and Conservation provisions for Environmentally Sensitive Areas (City of Tucson, 
2001). The policies include: 
 
• Continue to identify and protect environmentally sensitive natural areas and encourage 

the preservation of vegetation and wildlife within these areas. 
• Develop a program to restore and enhance riparian habitat resources and to determine 

the habitat needs of these resources  
• Continue to develop and refine guidelines to preserve wildlife and vegetation when 

development occurs within environmentally sensitive areas. 
• Consider the environment as a major factor in cost/benefit analysis.  

 
        

City of Tucson Programs  
 
The City’s reclaim water system has made it possible to provide an alternate water source of 
reclaimed effluent to use in areas where irrigation of turf in environmentally sensitive areas 
would otherwise had used groundwater. One notable example is the extension of reclaim 
lines to the Forty Niner’s Country Club Golf Course and connection of the Forty Niner’s 
potable system to Tucson Water’s integrated potable water distribution system. This has 
provided a new source of largely renewable water supplies to customers in the area that 
were formerly dependant on local groundwater.  
 
The City has also made an effort to reduce groundwater pumping in and near the Tanque 
Verde/Agua Caliente and Rillito shallow groundwater areas. By providing a large portion of 
water supply to the City of Tucson with the Clearwater blend of CAP and groundwater from 
the Avra Valley, the central Tucson Basin has had water level recoveries since 2005. For 
example, pumping from Tucson Water’s “Tanque Verde” wells has diminished from 6,347 
acre-feet in 2000 to 1302 acre-feet in 2008, a reduction of 80%.   
 
Pima County Policies 

 
The Pima County Board of Supervisors has  recently adopted policies on sustainability, 
Resolution No. 2007-84 Sustainability Goals, Land Conservation and Management, 2008 
(Pima County, 2008). This resolution provides guidance for the acquisition and management 
of lands and facilities to support sustainable development while protecting biological 
resources, including riparian habitats.  It also  provides guiding principles for reducing the 
amount of water used at various County facilities, including public parks, and maximizing 
water resource assets including groundwater rights, surface water rights and production and 
use of effluent to sustain and protect the natural environment.  Finally, the resolution 
prioritizes the use of County water for the natural environment.  Specific activities outlined in 
the resolution include the following: 

• Extending of reclaimed water lines to newly developed parks 
• Use of pervious materials on roads and parking lots to increase groundwater 

recharge. 
• Improve water quality and maintain base flows in the Santa Cruz River to 

support riparian and aquatic wildlife. 
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• Integrate wastewater reclamation and water rights with multi-purpose goals such 
as recharge and riparian restoration. 

• Encourage multi-purpose flood control projects to maintain and create wildlife 
habitat and habitat connectivity. 

 
Another document within the County titled, Co7-07-04 Pima County Water Resources Element 
Regional Comprehensive Plan Policy Major Plan Amendment, establishes policies for County 
and District staff to conduct water resource impact analyses of water resources affected by 
Comprehensive Plan amendments and land rezoning, including sensitive shallow groundwater 
areas.  It also provides management tools for maintaining current water resources and moving 
towards a more sustainable future. 

  
Pima County Programs 

 
Pima County is committed to purchase of open space in environmentally sensitive areas and 
restricting well use in these areas. Some examples of these acquisitions include Cienega Creek 
Natural Preserve, Empirita Ranch, Sopori Ranch, Canoa Ranch, and Bingham Cienega. 

 
The Sonoran Desert Conservation Plan (SDCP) program has been instrumental in identifying 
sensitive riparian areas and is developing monitoring plans for these areas.  Specific goals of 
the SDCP for maintaining groundwater resources include the following: 

• To the extent possible, maintain or restore the connection between 
interdependent components of river systems: channel, overbank floodplain, 
distributary flow zones, riparian vegetation and connected shallow groundwater; 
and 

• Insure sufficient in-stream flows to achieve and protect natural functions of 
riparian and aquatic ecosystems.  

 
5.   Summary of Findings  
 
This white paper examines opportunities for protecting environmentally sensitive groundwater-
dependant ecosystems in Eastern Pima County. Various studies have identified 76 intermittent 
and perennial streams and 32 shallow groundwater areas that in many areas overlap. The most 
sensitive with regard to ecosystem function and the most threatened from groundwater 
depletion include Cienega /Davidson, Sabino, Tanque Verde/Agua Caliente, Rincon, Rillito, 
Arivaca/Sopori, and Canoa Ranch. 
 
Additional findings are summarized below: 
 

• Perennial and intermittent streams and shallow non-perched groundwater areas in 
Eastern Pima County are most affected by deeper groundwater pumping, precipitation 
and recharge. Precipitation and recharge are more difficult to control because they are 
natural phenomena; but pumping, especially by large providers and non-exempt wells, 
could be managed, if there were changes in state regulations. 
 

• Between 2001 and 2006 the Tanque Verde/Agua Caliente area and Rillito Creek 
experienced a reduction in pumping of non-exempt wells and a recovery in groundwater 
levels.  However, the extended drought, reduced annual rates of natural recharge and 
exempt well pumping have probably prevented the water levels from recovering to what 
is considered a healthy threshold for hydro-and meso-riparian vegetation.  
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• From 2001 through 2006, the Sabino SGA has shown a decline in water level to below 

healthy thresholds for many types of hydro- and meso-riparian vegetation. Since 1984, 
the pumping trend has increased overall in this area; although between 2004 and 2006 
there was a slight reduction. This indicates that groundwater levels in the area can 
fluctuate significantly over time and this temporal variability may have an impact on the 
relative health of some riparian vegetation.  

 
• Two SGAs, Canoa Ranch and Rincon, have experienced a large increase in pumping 

from both exempt and non-exempt wells since 1998.  Water levels at Canoa Ranch have 
seen a concomitant decline in groundwater levels with the increased pumping.  In some 
locations the water table has dropped below the 50 foot depth, which is generally 
considered the limit for supporting riparian vegetation. Water level information for Rincon 
Creek is spotty.  

 
• Four SGAs have experienced a moderate increase in pumping and drought related 

impacts since 1998.  These areas include Cienega Creek, Arivaca, Sopori and Davidson 
Canyon.  Water levels in these areas have experienced slight declines over this same 
time frame. 

 
• A surface water diversion at Pantano Dam on Cienega Creek has impaired the Creek’s 

ability to re-establish riparian vegetation downstream of the Dam. The shallow aquifer 
immediately downstream of the dam is highly responsive to recharge and can recover if 
the upstream diversion ceases. 

 
• Pima County and City of Tucson have implemented policies and programs to protect 

perennial/intermittent streams and shallow groundwater areas that support groundwater 
dependant ecosystems.  These policies and programs include the extension of reclaim 
water lines, reduced pumping, property acquisition, retiring of water rights, and, for new 
development, restricting new groundwater wells near these shallow groundwater areas.   

  
6. Recommendations 
 
Much has been done in the last 20 year to protect perennial/intermittent streams and shallow 
groundwater with unique riparian, ecological and recreational values. However, more actions 
are needed to insure these areas will be sustained for future generations.  For the protection of 
shallow ground water areas and their associated important ecosystems within Pima County, the 
following recommendations are offered: 
  

• Financially support continued acquisition of land and water rights near groundwater 
dependant ecosystems and perennial and intermittent streams.  

 
• Continue exploring options for protection and enhancement of environmentally sensitive 

areas such as Cienega, and Rincon Creeks and Canoa, which may include but not be 
limited to purchase of water rights, and extending reclaimed water lines.  

 
• Evaluate the effectiveness of City and County programs and policies within their 

respective jurisdictional areas and water service areas regarding the protection of 
environmentally sensitive areas from groundwater withdrawal, surface water diversions 
and riparian impairment.   
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• City and County should promote changes to State rules and law requiring mines to 

conduct impact studies when applying for well permits just like other applicants. Examine 
proposed changes at the rule making, policy and legislative levels.     

 
• Where legally possible, prohibit new non-exempt wells and limit pumping of new exempt 

groundwater wells within and near shallow groundwater ecosystems. 
 

• Tucson Water and Metro Water /Hub should discuss the potential for wheeling of a 
portion of Metro’s CAP allocation to Metro/Hub through Tucson Water’s integrated 
potable water distribution system at a cost of service price, in order to reduce 
Metro/Hub’s groundwater pumping in the immediate area.  

 
• Initiate a public awareness and conservation campaign targeting exempt well owners in 

sensitive shallow groundwater areas to educate them on the important connection 
between water and riparian areas.  

 
• The County, City, other jurisdictions and/or local water providers need to support water 

level data collection and aquifer monitoring programs in shallow groundwater areas 
which fall under their jurisdictional authority or where they pump local groundwater.  The 
Rincon Creek area is especially lacking such a monitoring program.  Additional water-
level monitoring wells dedicated to long-term efforts are needed in many of these areas.  
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