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ABS 1 RACT

The upper Cienega Creek basin contains a rare perennial stream and riparian

system in a desert region where water is not usually found above the ground surface. A

water budget is developed for this watershed to provide quantitative assessments of the

different water exchange processes. Annual estimates precipitation and surface water

outflow are made from historic data records. Groundwater outflows and

evapotranspiration losses are calculated with computer models developed for the upper

basin. Information from the water budget contributes to the evaluation of what land and

management policies will help strengthen the preservation of the Cienega Creek riparian

region.

The BLM employs many protective management strategies, which can be

reinforced with federal riparian protection policies, to preserve the riparian system.

Urban development in the Sonoita-Elgin region has the potential to impact the water

supply of the upper basin. Federal protection of the riparian region would preclude

consumptive use of the basin's water for urban expansion and would preserve the

riparian system for future use and enjoyment.
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CHAPTER 1: INTRODUCTION

The arid regions of the state of Arizona contain few examples of perennially

flowing streams or continuous riparian belts of green woodlands. Considering the fact

that the desert lowlands are characterized by limited rainfall and sparse vegetation this

may seem to be expected. Yet less than 100 years ago extensive riparian systems called

cienegas lined the streambanks of most of the creeks and rivers in southern Arizona.

Within this century the Santa Cruz and Rillito Rivers carried water year round, fed by

their many tributaries descending down the numerous mountain ranges of southeastern

Arizona. Riparian wetlands and marshes existed within the city limits of Tucson which

was little more than a small town at the time. As throughout the rest of the state, while

the populations of the cities continued to grow the surface water flows and riparian

vegetation began to disappear.

Estimates in the 1990s suggest that Arizona has permanently lost about 95% of

what was formerly described as riparian area. Perennial streamflows have been reduced

or depleted by irrigation diversions for agriculture, damming for recreational and water

supply reservoirs, and groundwater pumping for domestic purposes. Continuous urban

development within the Tucson basin over the last 100 years has caused all of the local

river systems to go completely dry. Riparian woodlands that once lined these perennial

streams have been replaced by commercial and domestic structures that now border

barren, channelized washes. Only recently has the management of riparian areas in
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Arizona, to preserve them from private and public water demands, become a critical

water issue.

The Arizona Riparian Council has estimated that 60% to 75% of Arizona's

resident wildlife species depend on riparian areas to sustain their population (Arizona

Riparian Council, 1990). Essentially this means the majority of the native species have

lost 95% of their natural habitat. Southwest riparian habitats have been characterized as

the most productive wildlife habitats for birds in North America (Johnson, 1970).

Depletion of surface water flows and lower groundwater tables can be directly connected

to the extinction of riparian wildlife species and vegetation (Friedman, 1985). This

reduction in the natural water supply is usually the result of diversions for urban

communities and irrigation for agriculture. Management of the lands and waters of these

potential supply sources is critical in protecting and preserving the associated riparian

region which is dependent on the supply of water as well.

The upper basin of the Cienega Creek watershed is an example of a region in

need of protective water management programs to preserve its exceptional

environmental resources. The upper basin contains a substantial subsurface water supply

which helps maintain year round streamflows which in turn support a lush riparian

community. The watershed, as a water supply source, has essentially remained

untouched except for minor extractions from a few wells. Mountain front recharge from

the relatively generous highland rainfalls replenishes the substantial upper basin aquifer.

Nearby the small towns of Sonoita and Elgin are sparsely populated and have no present
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demand for the basin's water. The metropolitan areas of Tucson currently get water from

other regions. Most of the land in the upper basin, and all of the riparian area, is now in

possession of the United States Bureau of Land Management (BLM). This federal

agency is dedicated to maintaining the riparian reaches in their natural condition so they

can be enjoyed by visitors for many generations. This goal must be balanced with

multiple use demands for other economic and recreational purposes within the upper

basin. Furthermore Pima County and the city of Tucson share the BLM's interest in

helping the riparian creek attain a natural, healthy functioning condition. Subsurface

flows from the Cienega Creek basin provide a perennial source of recharge to the Tucson

basin. Reduction of these flows as a result of overdevelopment in the Cienega Creek

basin could have a potential effect on the safe yield goals of the Tucson Active

Management Area (AMA). In addition to this the riparian systems along Cienega Creek

provide a natural buffer against flooding. Desiccation of the riparian reaches along

Cienega Creek could cause flood peaks and flood damage to increase within the city of

Tucson.

_
The goals of the Cienega Creek group project are to develop an understanding of

the hydrologic system of the upper basin and to evaluate the various water and land

management policy options. Research of the hydrology of the basin is divided among the

six members of the group. Topics include a groundwater model for the upper basin

developed by Liciniu Bota, a hydrogeologic study of the perennial streamflow regions

performed by Eric Roudebush, a hydrogeochemical evaluation of groundwater recharge
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paths by Hans Huth, creation of an evapotranspiration model by Mark Williams, and an

overall groundwater model describing surface and groundwater interactions between the

two basins developed by Dee Korich.

The focus of this portion of the study is to develop a water budget quantifying the

inflow and outflow components of the watershed. In addition to this an evaluation of the

current water and land management policies of the upper Cienega Creek basin will be

performed and recommendations for future actions will be made. The first part of this

thesis will describe the development of the water budget and how the various

components were determined. The results of the water budget include an assessment of

the annual recharge to the basin and how the aquifer storage volume is changing over

time. The second section discusses the current management situation within the upper

basin and mentions possible alternatives for future policies. The third section addresses

the issues and concerns of water supply within and adjacent to the upper basin. The

situation of future urban expansion in the Sonoita and Elgin regions is evaluated with

respect to how this development would affect the riparian system of the upper basin. The

final major section of this thesis considers possible future management options and

makes recommendations for which alternatives would provide the necessary protection

for the riparian region of the upper basin. Assimilation of the conclusions from the

different topics of the group study is intended to provide information relevant to

determining what actions need to be taken to ensure the preservation of the riparian

community of the upper Cienega Creek basin.
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CHAPTER 2: THE PHYSICAL SETTING

Geography 

The Cienega Creek watershed, located in southeastern Arizona, is situated

between the Santa Cruz and San Pedro river basins. The basin is surrounded by

mountains: the Santa Rita and Empire mountains on the west, the Whetstone and

Mustang mountains on the east, to the north the Rincon mountains and the Cane lo Hills

along the southern boundary. The headwaters of Cienega Creek lie in the southern

regions of the watershed. The creek flows northward and passes just east of the Empire

mountains where it flows perennially towards a point called The Narrows. This point

marks the boundary of the outlet of the upper subbasin. Downstream, Cienega Creek

turns to the northwest and then west as it drains the lower subbasin. Upon nearing the

town of Vail, the name of the creek changes to Pantano Wash which continues into

Tucson where it joins with the Tanque Verde Wash to become the Rillito River. The

Rillito River is tributary to the Santa Cruz River which flows northward through the west

side of Tucson. Figure 2-1 depicts the features of the upper and lower Cienega Creek

basins.

The Cienega Creek basin can be divided into two sections: a wide upper basin

drained by a northward flowing Cienega Creek and a narrower lower basin where the

creek turns into the Pantano Wash. The focus of this study is on the upper basin which is

a high, semi-arid, desert grassland. Land surface elevations range between 3,600 feet at



Modified from ADWR (1988).

• •
• • •.••••••

• • • • N. • • 1,
• • • • • • 104 _•

‘'N'•'%'‘'‘'40174%'%.•	 •

•• • • • .‹ • • • • • • • • • •/0 0//.	 /////IIIII.

I o
•	 .7%*“. • • • • • • • • •

\-,...._,,,,,• • • .X..‘....k...t
. •%•‘•%•‘• • •

et
• • • • • • % •
/ I , I / 0 .•

• • • • % • • ••••
• ••••••••:.1• • • •n .• S. • • •
III/IIIIE144
5 • 5 • 5 	 • •••
• • 1., \ • 1, • 'ON••••••et• • • • • % • •• • • 00 , ,t,I.
N. • • • • • •›-•
I I 0 • I .0 .,	 .9

• • • • • 5 45
I / , I I I 4 I

• N % • % • •11, •
////II.V.•

1. 1. • • 1 • ..•
, I / / / 0•I 0

1. % • % • • • % \	 ••
I	 /0 I / , I •..I I	 I% % • % • • ... N. • •	 • • 5 •

I I , I 0 .a 0 , 11 • 0 I •• • • • • 5.. • • IS • •#0 , 0,•••.0,0
• % • • • N... • • SA...1 • • •.0.0O 10/20 .90. 1	 •.00s. • • • •••• vs. • • • • •e , 4,10.0 ) 1 0 • 0 • • • ....•• 14"C'S. • • • • % • • • % 4

I / / 40 I / / I I • • • I I• .• • • • •., \ ,, No • \ •)./ 0 e4,,I / / 0 I I / I A I
8404.14 % 1 • • • • • • • ••

II / ! / / I ... / / • • • •• • • % • • • • • \ •
• I • I I • I I • • • I . • 1
5 • 5 • • • 5 50•••••••	 ..ge• ..

0%,%•%•%•%•%•%0 %•%., 4,04 • PS ''.	 • • • '• • .......14.0„.V..'4.0...y.7_,/,••••••• •	 ‘..Y.1•...1.0.• • •1 ... %
• '.	 \\....:

/
N

I I•
• •

/ 0
• • •\

O 0 .•
.0
 • • N. k

.0 .0
• • •

1 0 .0 , •
• • • •\

004.1% .0)
.. 16	 •

I I I / •
• • • •

1. /0I/
• • 1, • '1

•
I I 0 I I I I I(

• • • • • • • •
0 •000.000#0

• • N. • • % 16 1, 16 %lb
0 0/IIIIIII

• • • % •• % % • • 4
.0.00.0.00-.0.0••••••
.0.0.0.00.

../ • / • .

tap • • • • C. • • ••Oe.ee Q / I
q. • • •• • .n 	 • •
I • • •

<4,* • • •
.46 	I I• • • • 	S S • • • • •

• S 55'. • S. • • SIS S •/ / I I	 / I• • S. '1 1, • \
/4/ 

N. 
0,IIIAI/I!,

• N,	 •	 N. 5 45/ / •••••• •
• • • "6 • • • 1. •
• • • ••

• ••• •
td0 •

3u.rt 2 - 	Cienega Creek Watershed



15

The Narrows to 9,453 feet at the highest peak in the Santa Rita mountains. The

boundaries of the surface water basin and the groundwater basin are not entirely

coincidental. The surface drainage area encompasses 303 square miles while the

groundwater basin has an area of 323 square miles.

Cienega Creek is one of a few perennial streams still flowing in southern Arizona.

There are two naturally flowing reaches, one in each subbasin. The upper basin supports

a 13 mile long reach of surface flow in the northern region of this subbasin. The second

perennial reach surfaces one half mile downstream of Interstate 10 in the lower basin and

flows for about 10 miles before disappearing underground.

Geology

The Cienega Creek basin is typical of the Basin and Range physiographic

province with its horst and graben features. It consists of a narrow northeast trending

alluvial valley surrounded by uplifted fault-block mountains. The alluvial valley of the

upper basin is filled with sediments from the surrounding mountains. The basin fill is a

heterogeneous mixture of gravel, sand, silt and clay. The bedrock of the mountains

consists of Precambrian to Tertiary age volcanic, granitic and sedimentary rocks.

Bedrock in the Santa Rita and Empire mountains is predominantly Tertiary to

Cretaceous volcanic and granitic rocks. The northern part of the Whetstone mountains is

composed of Precambrian granite and quartz monzonite and the southern part contains

Cretaceous sandstones, shales and limestones. The Mustang mountains are primarily
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Tertiary age rhyolitic volcanic peaks with isolated outcrops of Permian sedimentary

rocks. The Canelo Hills are formed by Cretaceous to Tertiary rhyolitic and andesitic

lavas, tuffs and agglomerates (Wilson et al, 1960).

The alluvial deposits of the basin can be divided into three units: the Pantano

Formation, the older basin-fill deposits and the modern streambed alluvium. The

Pantano Formation is composed of Tertiary age breccias, conglomerates and

fanglomerates. These sedimentary rocks are moderately-to-well lithified and range from

50 to 500 feet thick (Montgomery and Assoc., 1985). The Pantano Formation lies under

the older basin fill deposits throughout the Cienega Creek basin.

The older basin fill deposits are a sequence of late Tertiary to early Quaternary

age moderately lithified sediment lenses with grain sizes varying from clay to pebbles.

The thicknesses of the deposits range from close to zero in the northern regions of the

basin to nearly 5000 feet in the center of the basin near Elgin, Arizona. (Oppenhiemer

and Sumner, 1980)

The modern streambed alluvium consists of unconsolidated silt, sand and gravel

from the Quaternary age. It is found along Cienega Creek and its major tributaries. In

the northern part of the upper basin where the streambed is confined to a narrow valley

by the bedrock, the alluvium is between 0 and 105 feet thick and averages about 60 feet

in thickness (Montgomery and Assoc., 1985). Upstream in the southern reaches of the

upper basin the thickness of the alluvium may be as much as 200 feet (Boggs, 1980).
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Hvdrogeology

Out of the four geologic formations in the upper basin, two can be classified as

aquifers. The major water bearing units are the older basin fill alluvium and the modern

streambed alluvium. Because of its areal extent and depth (up to 5000 feet thick) the

older basin fill alluvium is the primary aquifer for the upper basin. Sand and gravel

layers are interspersed with finer silt and clay lenses creating a semi-confined

groundwater system with the finer material acting as a confining medium. These

discontinuous layers of silt and clay seem to restrict any vertical groundwater flow

thereby causing the basin-fill alluvial unit to act as a leaky semi-confined aquifer (Matt,

1995).

Grain sizes in the older basin fill alluvium trend from finer near Cienega Creek to

coarser around the outer edges of the lowland areas (Simpson, 1976). Where in contact

with the fractured rock of the mountain forming units, the coarser grained alluvium

"provides a groundwater recharge conduit to the lowland alluvial aquifer" (Simpson,

1976). This flow pattern is consistent with the inferred groundwater flow system but

because of a lack of well log data in the upper basin, this observation is still speculative.

The modern stream alluvial unit has less capacity for storing groundwater but is

capable of yielding substantial amounts of water to wells especially in the northern

regions of the lower basin along Cienega Creek (Kennard et al, 1988). The stream

alluvium acts as a drain conduit for the lower basin fill and at certain points the

groundwater discharges into Cienega Creek. The stream alluvial deposits are only found
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along Cienega Creek and its tributary washes and the thickness of the unit is no more

than 200 feet (Boggs, 1980). In the upper basin only a few domestic and livestock wells

tap into this secondary aquifer.

The bedrock complex of the surrounding mountains may yield a little

groundwater to wells but it mainly acts "as the basal aquitard to the overlying basin fill

alluvium and stream alluvium aquifers" (Kennard et al, 1988). Of the rock units that

form the higher mountain regions the limestone and dolomite regions have a relatively

high hydraulic conductivity due to well-developed joints and fractures. Evidence of

active groundwater flow is seen in the form of secondary calcite deposited by solution

flowing through and enlarging the fractures. These carbonate units seem to have the

potential to hold large quantities of water but "The hydraulic conductivities and

transmissivities of these hard rock units are far smaller than those of the unconsolidated

lowland deposits" (Simpson, 1976).

According to Simpson, "...the faults in the area do not seem to influence

groundwater flow other than by forming the structural boundaries of the basin." They do

not act as impermeable boundaries nor do they perform as highly transmissive channels

for groundwater flow (Simpson, 1976).

Groundwater

The groundwater basin boundary coincides with the watershed boundary except

along the southern region of the upper basin. The groundwater boundary extends further
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southeast than the surface water boundary and underlies about 50 square miles of the

Babocomari watershed. Given other minor discrepancies in the location of the borders

the groundwater basin encompasses an area of 323 square miles while the surface water

boundary encloses an area of 303 square miles. In general, groundwater flows down

slope from the surrounding mountain highlands towards the lowlands around Cienega

Creek. The flow then trends northward, paralleling the surface water flow, where the

groundwater exits the upper basin and enters the lower basin. This convergent flow

pattern suggests that the mountains are the major collection areas for groundwater

recharge (Simpson, 1976). Recharge studies in other similar basins indicate that in

lowland areas where the soil is relatively thick and continuous, recharge is not an

important component. Simpson's development of a water table map for the upper basin

accentuates these findings. Even though it is possible that some recharge occurs into the

channel bottoms of the side canyons during storm runoff events, the quantities are too

small to influence the groundwater flow patterns. Simpson offers two possible

explanations. First any water table rise due to recharge is counterbalanced by water

withdrawal from phreatophytes along Ciénega Creek and its tributaries. Second the

recharge amount could be so small that it was not detected by the existing density and

precision of the data set. Mimicking the surface topography, the groundwater gradients

of the basin tend to decrease along the flow paths. The gradients range from 1:15 to 1:20

in the mountains, 1:30 in the uplands, and between 1:70 and 1:150 in the center of the

basin (Simpson, 1976).
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Most water levels in the older basin fill alluvium reflect an unconfined regional

aquifer (ADWR, 1988). In the upper basin the most productive aquifer is the older basin

fill. Wells drilled in this region for livestock, irrigation and domestic purposes yield

between 2 and 700 gallons / minute with the deeper wells producing higher yields.

Transmissivities range between 6 and 13,200 gallons / day ft. with GAC Utilities Inc. of

Arizona (1970) reporting an average between 4800 and 5000 gallons / day ft. for the

older alluvium in the upper basin (Matt, 1995). The depth to water varies between 50

and 617 feet below the surface (Boggs and others, 1980).

Water samples from the older basin fill alluvium consist of a water mixture of

different origins. According to Huth (1996) about 70% of the annual recharge to the

aquifer originates from the Santa Rita mountains, with the majority of this subsurface

flow travelling down the Gardner Canyon corridor. The Whetstone mountains provide

the remaining 30% with Spring Water Canyon acting as the primary flow path. Wells

sampled by Gerarghty and Miller (1970) show some water bearing zones with excessive

iron content. When the water has had a chance to mix with waters from other origins

downstream, the water quality improves greatly. Samples from wells in the lower basin

give Total Dissolved Solids ranges between 190 and 680 mg/L with an average of 369

mg/L (Miller and Associates, 1985).

The modern streambed alluvial aquifer is not well documented in the upper basin

but acts as the primary aquifer in the lower basin. Here wells have been drilled for

domestic, livestock and irrigation purposes. Well yields have been reported to be
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between 3 and 400 gallons / minute with transmissivities ranging from 200,000 to

300,000 gallons / day ft (Kennard et al., 1988).

Well samples taken from the lower basin are of a sodium / calcium - bicarbonate

- sulfate type. Total Dissolved Solids range between 560 and 624 mg/L. Overall the

water quality meets all of the primary drinking water standards set by the Environmental

Protection Agency (Kennard et al, 1988).

The Pantano Formation offers some water and a few wells have been drilled for

watering livestock. Well yields are reported as varying between 2.5 and 30 gallons /

minute. Water quality in the Pantano Formation is said to be suitable for most uses

(Montgomery and Associates, 1985).

Groundwater storage within the entire Cienega Creek basin has been estimated at

approximately 5.1 million acre feet to a depth of 1200 feet below the surface (U.S.

Geologic Survey, as referenced by Kennard, 1988). Given the information we have

today, it seems that the storage has remained relatively constant over the years.

Conditions studied in 1982 indicate that groundwater pumping in the Cienega Creek

basin did not exceed a safe yield condition (Kennard, 1988). Water level measurements

in wells show that there have not been any long term changes in the water table level on

record (Kurtz, 1995). Currently there is no evidence to suggest groundwater pumping

has been extensive enough to cause subsidence or depletion of the surface stream flow.
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Surface Water

Cienega Creek is the main surface water drainage for the upper basin. The creek

is mostly intermittent until about 10 miles above a point in the northern upper basin

called The Narrows. It is at this location where all the surface water from the upper

basin enters the lower basin. In this region bedrock is near the surface and the alluvial

basin fill is not very thick so the water is forced to the surface. Perennial baseflows are

the result of discharge from the aquifer to the surface. Larger flows are the result of

runoff from seasonal storm events. The perennial streamflows in this region help sustain

approximately 10 miles of lush riparian community.

Before any development or entrenchment had occurred within the Cienega Creek

groundwater basin, extensive bosque forests and riparian marshlands could be found

along the main channel and some of its side canyons (Kennard et al, 1988). Groundwater

discharge to the creek supported perennial streamflow within the cienegas. Deep

grasses, giant cottonwood and mesquite trees, and dense willows could be found along

the riparian belt (Kennard et al, 1988).

In 1881 a major flood occurred within the basin that some suspect may have

initiated the stream headcutting in Cienega Creek. This incision process could be

responsible for draining the marshlands. Ranching activities during the last century may

be accountable for continued deterioration of the remaining marshlands. A now obsolete

irrigation canal, which was used for watering a crop field near the creek, has caused a 1.4

mile segment of Cienega Creek to go completely dry.
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Climate 

The climate of the Cienega Creek basin is slightly less arid than that of the

neighboring Tucson basin mainly because of its higher elevation. Rainfall and

temperatures of the basin vary with the elevation. The lowest regions of the basin along

the valley floor receive around 14 to 15 inches of rain while the higher elevations of the

surrounding mountains may collect over 30 inches of rain in a year. The average annual

rainfall for the entire upper basin is just under 18 inches. Most of the precipitation falls

during the summer monsoon season in July and August when intense thunderstorms

produce short, high intensity rainfall events. Precipitation is more evenly distributed

throughout the late fall and winter months when longer duration storms from the Pacific

Ocean generate gentle rainfall events.

Temperatures in this high desert basin are somewhat moderated by the higher

elevation of the valley floor. Mean summer temperatures range from a low of 64 F to a

high of 103 F. Winter temperatures range from a mean low of 27 F to a mean high of 68

F. Extreme temperatures of -3 F and 120 F have been recorded in the basin.

The climate we experience today has not always been the climate associated with

southeastern Arizona. Cooke and Reeves (1976) noted that "...since the turn of the

century there has been a slight decrease in summer precipitation and a greater decrease in

winter precipitation, together with general slight increases of temperature." Locally, the

U.S. Geological Survey and the Pima County Department of Transportation and Flood

Control District have observed changes in climate and flood frequencies in climate
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variability studies in the Santa Cruz River basin. The Santa Cruz River study

encompassed almost the entire length of the river, from Nogales, Arizona to its

confluence with the Gila River. Given the similarities in location and elevation the Santa

Cruz River basin study may provide analogous information for the less studied Cienega

Creek basin. Both watersheds are exposed to the same types of weather and storm

patterns.

With these hydroclimatic similarities in mind, changes in flood frequencies of the

Santa Cruz River may be indicative of unrecorded, smaller magnitude events in Cienega

Creek. Conclusions from the U.S. Geological Survey / Pima County report on Santa

Cruz River flows between 1930 and 1986 state that "...6 of the 7 largest floods at Tucson

occurred after 1960." "...floods in summer accounted for 97% of annual peaks between

1930 and 1959, floods in summer accounted for 61% of annual peaks between 1960 and

1986." "Winter and fall floods account for 53% of annual peaks before 1930, only 3%

from 1930 to 1959, and 39% after 1960" (USGS, 1988). Climate variability, changes in

land use and channelization are identified as the contributing factors. The report

cautions that El Nino - Southern Oscillation cycles may contribute to seasonal and annual

climatic variability. El Nino cycles tend to create more frequent and intense winter

frontal storms which could account for changes in the distribution of annual peaks of

flood events (USGS, 1988).

Variability in climate and flood frequency reveal a connection to the condition of

the land and vegetation during the period between 1930 and 1960. It is during this time
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when smaller summer floods accounted for almost all of the annual peak flows.

According to Stromberg and based on extensive tree ring analysis, "Recruitment events

generally occurred after large winter floods..." and "No trees established during periods

dominated by small summer floods..." (Stromberg, 1993, Dynamics of Freemont).  The

Arizona Department of Water Resources supports these conclusions in their own study

with statements such as "Extensive tree-coring ... uncovered no areas supporting middle-

aged trees that would have established between approximately 1930 to 1960." (ADWR,

1994, Case Studies Report). As in the Santa Cruz River basin, changes in climate could

be responsible for changes in the stream and riparian system of Cienega Creek.

Entrenchment

Changes in climate and vegetation density can initiate an erosive process called

entrenchment. This geomorphic mechanism redefines stream channel geometry through

streambed headcutting and downcutting. Headcutting occurs at a point in a stream

channel where there is an abrupt change of elevation and slope gradient. Water falling

over this nickpoint causes the upstream channel bed to be undermined and the headcut

migrates upstream. Simultaneously, the force of falling water over the nickpoint

dislodges the sediment below and transports it downstream. This leads to longer and

deeper dovvncuts in the channel bed downstream of the nickpoint.

Stream channel entrenchment can occur in response to climate changes or as a

result of human cultural activities such as livestock grazing, floodplain encroachment,
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near surface groundwater depletion, or construction of ditches or canals. The upper

Cienega Creek basin is susceptible to vegetation removal from overgrazing and possibly

groundwater depletion. The upper basin lies outside of the Tucson Active Management

Area and therefore has no restrictions on groundwater pumping. The more immediate

danger, however, comes from potential overgrazing of the watershed which could

increase surface runoff flows and accelerate erosion. Current grazing practices appear to

be compatible with maintaining a good vegetative cover but successive years of drought

could change the present equilibrium. Once entrenchment processes begin they are very

difficult to stop and can be expensive to mend.

Stream channel downcutting began in Tucson "... in 1887 when early developer

Sam Hughes dug a channel to intercept the shallow groundwater table of the Santa Cruz

River at St. Mary's Street" (PCDOTFCD, 1987). With each succeeding flood the

channel was enlarged and deepened "... until it cut into and drained the perennial

portions of the Santa Cruz near 22nd Street" (PCDOTFCD, 1987). As the population of

Tucson continued to grow groundwater pumping and construction on the floodplain

amplified the headcutting erosion causing it to extend into the Rillito River tributary. "In

1890, the channel of the Rillito River was flowing on an upper surface of alluvial fill, but

in the period after 1890 the Santa Cruz River became entrenched during a series of

floods. Headward erosion of the arroyo from the master stream resulted in the

entrenchment of the Rillito River in several reaches..." (U.S. Army Corps. of Engineers,

1985). The Santa Cruz and Rillito River floodplains were once covered with thick
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vegetation and were about 1,000 feet wide. Now both are deep, narrow ephemeral

streams that vary between 100 to 300 feet in width. "Arroyo formation along the Canada

del Oro and Pantano washes began more recently and continued until the early 1980's

when large grade control structures were constructed at the Magee Road and Broadway

Avenue Bridges..." (PCDOTFCD, 1987).

Travelling upstream along Pantano wash the name of the stream changes to lower

Cienega Creek. This area of the Cienega Creek basin has also experienced headcutting

erosion although not as a result of the same activities that initiated the erosion along the

Santa Cruz River. During the 1890's extensive overgrazing occurred in the upstream

areas of the Empire Ranch which removed enough vegetation to help initiate the

headcutting process. While the Anamax Mining Company owned the upper basin land

the amount of grazing was reduced significantly and stream channel erosion subsided

(PCDOTFCD, 1987). Still there is evidence of headcutting and downcutting along

Cienega Creek in the upper basin at the present time. The BLM is the current land owner

and one of their priorities is to improve the range land condition and to mitigate the

headcutting problem. Their concern lies iii preserving the perennial stream flows of

Cienega Creek and the riparian system. Channel downcutting allows the stream to carry

more water which would cause the surface flows to exit the basin faster. Since the

perennial flows of upper Cienega Creek are supported by shallow groundwater, the local

water table would be lowered as the groundwater travelled quickly downstream. This

would cause some of the riparian vegetation to die out when their roots are no longer



28

able to reach the lowered water supply. To some extent this damage has been continuous

in the Cienega Creek basin for many years. Historical reports of the hydrology of

southeast Arizona contain descriptions of extensive marshlands and continuous riparian

woodlands along most of the streams in and near the Tucson basin. Hendrickson and

Minckley (1984) mention historical statements about the perennial flows of the Rillito

River and the marshlands along this watercourse. "East of there on Pantano Wash and its

tributary, Cienega Creek, may have formerly been the most extensive cienega system in

the basin" (Hendrickson and Minckley, 1984).

The city of Tucson and Pima County also wish to prevent downcutting in the

Cienega Creek channel. The main reasons for their concern are that "... the arroyo

downcutting process reduces overbank flood storage areas, while at the same time

increases the capacity of the channel to carry floodwater" (PCDOTFCD, 1987). This

would create higher flood flow volumes and peak discharges which would impact the

city of Tucson which is located downstream. Urban flood control facilities are designed

for a predetermined flood magnitude. Stream channel downcutting would create larger

magnitude floods and increase the probability that flood damage would occur from

overtopping of existing flood control measures in the city of Tucson (PCDOTFCD,

1987).
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Vegetation

Even though the Cienega Creek basin is considered to be located within the

Chihuahuan Desert, the vegetation type over most of the upper basin is predominantly

grassland. As well stretches of riparian vegetation occur along the perennial reaches of

Cienega Creek and conifer forests grow in the upper mountain regions.

The grasslands occupy most of the basin area below 6,000 feet elevation. Dense

grass cover along with scattered shrubs prefer the low flat areas that are subject to

seasonal flooding. The grasslands are mainly composed of black grama, blue grama,

sideoats grama and Rothrock grama. Shrub species are usually small mesquite and blue

palo verde trees, catclaw and desert hackberry (Kurtz, 1995). Evidence of the

Chihuahuan Desert is present throughout these lowlands in the form of many desert

shrubs and cacti. Tarbush, sandpaper bush, whitethorn and creosote bush grow as high as

six feet in these lowlands. Also barrel, prickly pear and pincushion cacti are common to

the upper basin (Kurtz, 1995).

The perennial reaches of upper Cienega Creek support a deciduous riparian forest

area. Numerous species of riparian phreatophytes thrive on the shallow water table

adjacent to these perennial stretches. The predominant species include the velvet

mesquite, the Goodings willow, the Arizona ash, hackberry, and cottonwood (Kurtz,

1995). Instream surface flow is needed for initial establishment and regeneration of the

cottonwood, Arizona ash, and the Goodings willow trees. As well, aquatic plants such as

the bulrush, cattail, monkey flower and watercress depend on perennial surface flows for
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survival (PCDOTFCD, 1993). The mountain highlands of the Santa Ritas and the

Whetstones are covered with conifer forests. The dominant evergreen species is the

ponderosa pine. (Turner, 1974).

Riparian Characteristics

In a state where 95% of what used to be riparian area is now gone, Cienega Creek

remains as one of the few examples of a healthy riparian system existing in a semi-arid

desert region. The Arizona Legislature defines a riparian area as "...a geographically

delineated area with distinct resource values, that is characterized by deep-rooted plant

species that depend on having roots in the water table or its capillary zone and that

occurs within or adjacent to a natural perennial or intermittent stream channel or within

or adjacent to a lake, pond or marsh bed maintained primarily by natural water

sources...". They further specify that a riparian area "...does not include areas in or

adjacent to ephemeral stream channels, artificially created stock ponds, man-made

storage reservoirs constructed primarily for conservation or regulatory storage, municipal

and industrial ponds or man-made water transportation, distribution, off-stream storage

and collection systems" (BLM, 1993). The Cienega Creek riparian areas, which extend

from upstream of The Narrows in the upper basin to the reach in the lower basin

upstream of Pantano Wash, offer stretches of perennial streamflow which create a habitat

for fish and wildlife species as well as support many types of vegetation. Additionally

the creek contains water of very high quality in a region where good water supplies are
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not abundant.

The riparian habitat of Cienega Creek offer water and shelter for numerous

wildlife species including deer, javelina, antelope, rabbits and countless birds. Among

the common species are a number of potentially endangered species that utilize the

riparian area for its water and habitat. The Southwestern willow flycatcher and the Grey

Hawk are currently federal candidates for the endangered species list and Cienega Creek

acts as an oasis in a desert region where these birds would have difficulty existing. As

well, the American peregrine falcon and several bat species have habitats within the

riparian regions of the Cienega Creek basin and are potential candidates for the

endangered species list (BLM, 1991).

The perennial streamflow reaches of Cienega Creek contain three important

native fish species that obviously could not exist without the riparian environment. The

Gila Topminnow is presently listed as an endangered species and Cienega Creek contains

the largest population out of the nine known remaining populations in existence. Two

other candidates for the federal endangered list are the Gila Chub and the Longfin Dace

(BLM, 1991). Both make their home -in ihe waters of Cienega Creek and depend on

constant, good quality stream flow for survival.

Cienega Creek is a prime example of how groundwater and surface water interact

and are dependent on each other. The perennial baseflows in the upper basin are the

result of groundwater being forced to the surface of the watershed by a unit of bedrock

that is closer to the surface in the northern region of the upper basin than in the southern
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region. By definition baseflow exists only in perennial streams. The baseflow of a

stream represents the stream flow level over the longest time period with the highest

probability of occurrence. Baseflows are typically a surface expression of the local or

regional groundwater levels. If surface water baseflow levels are dependent on

groundwater flows into the stream then a surface water - groundwater interaction is

present. This interaction can be described by the terminology of gaining and losing

streams. A stream is said to be gaining when groundwater levels near the stream are

above the streambed. In this situation groundwater could flow into the stream channel

and contribute to the surface flow. A losing stream is one where the adjacent

groundwater levels are below and sloping away from the stream bed. In this case the

stream would be losing water to the ground through the stream banks and the channel

bottom. The latter scenario is typical for intermittent and ephemeral streams which

cannot sustain a constant baseflow because of water lost to the ground. Perennial

streams are typically gaining streams although groundwater pumping in a region near a

perennial stream can quickly reverse the groundwater gradients and cause the stream to

lose water and possibly go dry.

Although it is often ignored by Arizona law, groundwater pumping can have an

effect on surface water flows. Hydrologists usually break down this interaction into two

types: indirect interference and direct interference. Indirect interference occurs when

groundwater flowing toward a stream is intercepted by a cone of depression created by a

pumping well. Groundwater that would have eventually discharged into the stream is
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now being taken by the well. This reduces the contribution groundwater to the stream

thus reducing the baseflow of the stream. Direct interference occurs when a cone of

depression expands into the stream bed alluvium. This causes the groundwater gradients

to be reversed away from the stream and towards the well. Streamflow losses increase as

additional surface water from the stream infiltrates into the permeable alluvium to fill the

area dewatered by the well. The difference between indirect and direct interference

depends on the hydrologic characteristics of the aquifer and the pumping rate of the well.
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CHAFFER 3: WATER BUDGET

A water budget describing surface and subsurface flows is developed in an

attempt to quantify water exchanges between different hydrologic components. Since

the upper basin is relatively undocumented, parts of the water budget may only be

considered as estimates due to the fact that the methods of calculations are relying on

limited data. For each facet of the water budget the method used to determine the water

quantity is explained and its limitations are discussed.

The water budget is developed for an average year using data from previous

periods. This eliminates any seasonal fluctuations in water amounts which are

significant in a region with a variable seasonal climate that is characterized by wet and

extremely hot and dry periods. In general the equation for a water budget is

(inflow - outflow) Atime = Astorage

Inflows include any inputs of water to the basin from areas outside of the basin. Any

water leaving the basin in any form is included in the outflow term. The term Atime is

the time period which will be one year for the annual water budget. Changes in surface

water or groundwater storage are described in the Astorage term.

For the upper Cienega Creek basin the water budget equation can be divided into

a surface water and a subsurface water equation. The surface water budget equation is

P + SWin - SWout - ET + Rgs - Rsg = ASs



and the subsurface water budget equation is

Rsg - Rgs + GWin - GWout - Qpump - ETrip = ASg

where

P = precipitation

SWin = surface water inflow

SWout = surface water outflow

GWin = groundwater inflow

GWout = groundwater outflow

Qpump = groundwater pumping

ET = evapotranspiration from areas other than the riparian region

ETrip = evapotranspiration from the riparian region

Rsg = water flowing from the surface into the ground

Rgs = water flowing from the ground to the surface

ASs = change in surface storage

ASg = change in subsurface water storage

Combining these two equations gives the overall water budget equation for the upper

basin:

P + SWin - SWout + GWin - GWout - Qpump - ET - ETrip = ASs + ASg

All terms describe average annual volumes using the units of acre-feet / year. Some of

35
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the parameters are not applicable to this watershed and they will be identified and set to

zero. The remaining terms are estimated by either the author or another member of the

group and any volummetric discrepancies in the overall water budget will be attributed to

the components where measurement accuracy is the most speculative.

Precipitation (P) is the only input of water to the basin. The watershed area

includes only headwater streams, so there is no input from surface water flows from

outside the basin, thus SWin is zero. In this study it is assumed that there are no inputs

from groundwater originating outside the basin so GWin is also zero. This assumption

could be subject to further study since the delineation of the groundwater subbasin does

not coincide exactly with the surface water basin. As of the time of this study there is

insufficient well log data or knowledge about the regional groundwater flow regime to

support or disprove an input of groundwater flow from outside of the basin boundary.

Surface water outflow (SWout) from the upper basin occurs in Cienega Creek

where the stream leaves the upper basin at the Narrows and enters the lower basin. It is

in this northern region of the watershed that groundwater underflow (GWout) also leaves

the upper basin and enters the lower basin. Groundwater outflow also takes the form of

pumping withdrawals (Qpump). The major process accounting for water leaving the

upper basin is evapotranspiration. Evapotranspiration is divided into two terms:

evapotranspiration within the riparian area (ETrip) and evapotranspiration from areas

other than the riparian area (ET).

By computing all the input and output parameters in the overall water budget
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equation the only unknown variable is the change in groundwater storage (ASg). Since

there is no surface water storage (ASs) on the upper basin any storage changes would

reflect groundwater gained or tossed by the basin aquifer. When the sum of the outflows

is subtracted from the total annual precipitation the quantity left reflects the change in

water storage in the aquifer. Knowledge of this parameter is important for determining

how the upper Cienega Creek basin would respond if utilized as a water supply source.

Resolving the water budget equation will reveal whether the basin aquifer is gaining or

losing water or if the groundwater system is in equilibrium.

Precipitation

Normally the precipitation would be determined using data from a rain gauge

network that is interspersed over the basin area. In the upper basin of Cienega Creek,

however, there are no rain gauges that can provide an extensive annual record of rainfall

amounts. Therefore the annual rainfall has to be inferred from rainfall gauges within the

regional vicinity of the upper Cienega Creek basin.

A couple of assumptions are made in order to utilize a method of evaluating

annual precipitation for the upper Cienega Creek basin. First, a similarity in climate and

precipitation patterns between the different watersheds in southeastern Arizona must be

recognized. In southeastern Arizona the general annual pattern of precipitation is for rain

to fall during two distinct seasons. Summer rains usually occur during the monsoon

season of July through September. These rains are produced by convective, high
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intensity thunderstorms that form during the late afternoon or evening. The source of

moisture for these air masses is the Gulf of Mexico and the Gulf of California. These

storms are of short duration but can yield large amounts of water due to their high

rainfall rates. They typically account for 65% of the total annual precipitation in this

region of Arizona. Winter rains occur intermittently between the months of December

and March. These storms are far less intense but usually last for a period of days rather

than hours. They originate in the Pacific Ocean and arrive in the form of cold fronts

traveling across the country from west to east. Winter rainfall typically accounts for

about 35% of the total annual precipitation in southeastern Arizona (Simpson, 1976).

According to Simpson, "Rainfall in the southwest is strongly influenced by

topography, elevation being a major factor controlling the amount and intensity of rain.

This influence is known as the 'altitude effect'." For this analysis of precipitation, factors

other than elevation are assumed insignificant and elevation is the primary element

controlling areal differences in rainfall amounts. This follows the assumptions made by

ES. Simpson in his study of precipitation in the Cienega Creek basin discussed in his

report "Effects of Groundwater Ptunpageon Surface and Groundwater Flows in

Adjoining Basins" (1975 - 1976). Factors other than just elevation, such as aspect and

steepness of a slope and the direction of rainfall, are recognized to contribute to

differences in rainfall amounts for watersheds in southeastern Arizona. For our area of

study, however, "the geometry of the Cienega Basin is such that the slopes are alternately

'exposed' or in the 'shadow' of different rainy seasons, which on an overall yearly basis
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tends to cancel differences that may result from slope and direction." (Simpson, 1976).

This allows an analysis of precipitation to be performed for the upper basin of Cienega

Creek using rainfall data from other adjacent regional watersheds with a better historical

documentation of annual rainfall quantities.

Table 3-1 shows the data set of the regional rain gauge network used to determine

the basin precipitation. A map showing the location of these rain gauges is given in

figure 3-1 to reveal the proximity of the data to the actual study area. Rain gauges with

close proximity to the Cienega Creek watershed and at similar elevations were selected

to represent the basin network. The data is obtained from the U.S. Weather Bureau,

Climatological Data Arizona Section, Monthly Reports and represents a 62 year period

between 1931 and 1992.

With this information the next step is to apply it to the upper Cienega Creek

basin. Considering the assumption that the main factor in controlling areal differences in

precipitation is elevation, it can be assumed that precipitation amounts and elevation are

linearly related. With the data set a scatter diagram of precipitation vs. elevation is

created. Then a linear regression is performed on the data set to establish a linear

equation relating precipitation to elevation (figure 3-2). The computed equation is:

y = 4.4344 + .00281 x

where x = the elevation, in feet, above mean sea level

y = the mean annual rainfall, in inches

The correlation coefficient is .516 and the standard deviation is 3.058 inches.



Table 3-1

Raingauge Network for Precipitation Analysis

Mean Annual
Location Elevation (ft) Precipitation (in)

Anvil Ranch 2750 11.57
Benson 6SE 3690 16.89
Bisbee 2WNW 5600 20.39
Bowie 3770 18.09
Canelo 1NW 5010 17.06
Cascabel 3145 21.76
Chiricahua Nat. Mon. 5300 17.86
Coronado Nat. Mon. 5242 25.00
Douglas 4040 14.90
Douglas FAA 4096 12.16
Nogales 6N 3560 20.46
Pearce Sunsites 4350 11.93
Portal 4SW 5388 19.97
San Simon 3610 13.95
Santa Rita Exp Range 4299 21.02
Sierra Vista 4600 18.63
Tombstone 4610 12.81
Tucson Mag. Osby. 2526 11.98
Tucson WS0 2584 11.14
Tumacacori Nat. Mon. 3266 14.73
Willcox 4175 11.52
Sabino Canyon 2640 11.85
Sahuarita 2690 10.86
Lazy H Ranch 3050 12.35
Benson 3590 11.41
Nogales 2 3757 16.05
Mt. Fagan 3760 13.86
Nogales 1 3808 15.49
Fairbanks 3850 11.45
Patagonia 4044 17.28
Santa Rita Exp. 4300 19.82
Circle Bar Ranch 4500 15.73
Ft. Huachuca 4664 14.64
San Rafael 4741 16.50
Research Ranch 4800 16.37
Elgin 4900 13.96
Canelo 4985 17.81
Coronado Nat. Mon. 5550 22.65
Mt. Lemmon 7780 26.77
Kitt Peak 6800 26.58

40
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With the linear regression equation established the basin is divided to determine

the areal extent at each elevation interval. Basin area is computed for each 1,000 foot

interval between 4,000 feet and 9,000 feet. The percentage of upper basin area at

elevations below 4,000 feet or above 9,000 feet was determined to be insignificant

compared to the other areal percentages. The percentage of each basin area within the

1,000 foot intervals and the corresponding rainfall quantities falling within this area, as

computed using the linear regression equation, are given in table 3-2. When the sum of

these individual quantities is taken the mean annual rainfall of the upper Cienega Creek

basin is determined to be 17.85 inches. This equates to a volume of 288,456 acre feet

per year.

Surface Water

As previously stated there are no surface water inflow contributions to the upper

Cienega Creek basin. Surface water outflow accounts for a small but still significant

portion of water leaving the upper basin. Streamflow measurements were taken at three

stations along the perennial reach of Cienega Creek in the upper basin (figure 3-3). The

measurements were taken using a pygmy meter and were performed once a month for a

period of about three years (table 3 -3). The station of primary interest is the third station

which is at the Narrows. This station coincides with the boundary between the upper

basin and the lower basin and is used as the measuring point for estimating surface water

outflow leaving the upper basin. The monthly estimates were averaged and a mean
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Table 3-2

Elevation, Watershed Area and Precipitation Relationship

y = 4.4344 + .00281x

Elevation Watershed Area Percentage Precipitation Area Weight

(ft) (Square Miles) (Inches)

4000-5000 230.77 76.16 17.08 13.01

5000-6000 62.48 20.62 19.89 4.10

6000-7000 8.68 2.87 22.69 0.65

7000-8000 0.64 0.21 25.51 0.05

8000-9000 0.44 0.14 28.32 0.04

Sum = 17.85 in/yr
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Table 3-3 streamflow record at Cienega Creek
(discharge in cfs)

station station
1 2 3 date 1 2 3

0.891 2.116 2.116 1/86
2/86
3/20/86 1.090 2.431 3.073

1.392 2.379 3.758 4/29/86 0.957 1.977 2.331
1.288 2.582 3.282 5/22/86 0.433 1.354 1.547
1.512 2.162 2.363 6/23/86 0.02-0.04 1.352 0.817
0.742 0.716 1.800 7/29/86 0.229 1.029 1.163
0.430 1.490 0.767 8/86
0.757 1.587 1.353 9/23/86 0.305 1.150 1.290
0.741 1.727 1.080 10/86
1.024 3.328 4.084 11/86
1.096 2.606 3.556 12/86
0.957 2.584 2.963 1/87
1.499 3.115 4.401 2/87
1.261 2.654 3.650 3/4/87 0.950 1.895
1.197 2.834 3.629
0.979 2.331 2.660
0.871 2.000 1.890
0.436 1.390 1.135
2.922 6.150 6.581
1.091 2.653 2.362
0.536 2.690 2.562
0.698 2.261 3.181
1.086 2.590 2.565
1.204 2.742 3.924
1.144 3.217 3.451
1.156 3.089 4.227
1.246 3.241 4.114

0.667 2.162 2.350
0.348 1.396 1.425
0.429 1.330 1.334
0.546 1.754 1.290
0.526 1.567 1.874
0.745 2.095 2.033

1.171 2.537 2.261
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annual estimate of surface water outflow is calculated to be 2.84 cfs over a year or about

2,050 acre feet / year.

The estimate for surface water outflow leaving the upper basin is subject to some

amount of error. Since the streamflows were only measured once a month they do not

provide an accurate assessment of the monthly average of streainflow which is what is

needed to determine the mean annual streamflow. Instead the measurements provide

information for only one day each month. Since there can obviously be great differences

in the weather from one day to the next a daily measurement cannot really describe the

monthly climate. This leaves open the possibility that flow measurements during the

rainy seasons are larger than the monthly average. For example, during the month of July

of 1984 flow measurements were recorded in excess of 6 cfs. In 1983, 1985 and 1986

the monthly measurements for July were all below 2 cfs. There is a definite possibility

that the 1984 measurement was taken a short time after a monsoonal storm and is

reflecting storm runoff amounts. It is difficult to believe that a flow of 6 cfs could be

maintained in upper Cienega Creek throughout the summer month of July when the years

before and after show quantities of about 25% of that measurement. A monthly record of

baseflows for the upper Cienega Creek is what is needed to determine the annual surface

water outflow in a more realistic fashion. Since this type of data is not available the

monthly streamflow measurements must be used with the understanding that the data is

not completely representative of monthly streamflow averages.
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Groundwater

In this study it is assumed that there are no significant or measurable quantities of

groundwater inflow entering the upper Cienega Creek basin. Future studies may want to

explore the areas where the surface water and groundwater basin divides do not coincide

to verify this assumption. An area of concern may be the region near the headwaters of

the Babocomari River where the Cienega Creek groundwater basin appears to extend

under the surface headwater region of the Babocomari River. Contributions from this

area to the Cienega Creek groundwater system may be measurable but for this study are

assumed to be negligible.

Information on groundwater outflow quantities are provided by the results of the

groundwater model created by Liciniu Bota (1996). Using the MODFLOW groundwater

model (a modular three dimensional, finite-difference groundwater flow model) to study

the groundwater flow regime of the upper basin, the amount of groundwater that leaves

the upper basin is said to be 7,261 acre feet / year. This groundwater outflow quantity

exits the upper basin in the northern region in the vicinity of the Narrows. There is

currently some debate as to whether or not all of this subsurface outflow reaches the

lower Cienega Creek basin. Previous groundwater models of the lower basin show

subsurface inflow quantities to be about half of the amount determined to be leaving the

upper basin (Chong-Diaz, 1994). A possible theory is that some of the groundwater

outflow from the upper basin travels through a subsurface "trough" and joins the

groundwater flow towards the San Pedro River and not the flow into the lower Cienega
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Creek basin (Ellett, 1994). Further studies will be required to support or disprove this

hypothesis.

A minor portion of groundwater outflow occurs as pumping withdrawals from the

upper basin aquifer. The towns of Sonoita and Elgin lie near the groundwater divide of

the upper basin and some of the domestic wells tap into the waters of the watershed.

Populations of the two towns total less than 3,000 people so the quantity of water

consumed is not great. Bota (1996) estimates groundwater pumping in the Sonoita

region to account for 300 acre feet! year of water removed from the Cienega Creek

subbasin. Withdrawals in the vicinity of Elgin are even smaller with only 95 acre feet!

year of water taken from the subbasin. It is possible that other unidentified pumping

wells exist within the subbasin boundaries but it is believed that they are few and would

not create a significant increase in the total quantity of water withdrawn. The total

estimate of groundwater pumping withdrawals (Qpump) is said to be 400 acre feet / year.

Evapotranspiration

For the water budget, estimates of evapotranspiration are divided into two values.

Evapotranspiration from the riparian area (ETrip) describes water consumption by the

phreatophytes that line the banks along Cienega Creek. Evapotranspiration from the

basin grasslands (ET) constitutes any water that is evaporated from the soil or transpired

by the vegetation before it can reach the subsurface aquifer. Both estimates are provided

by the evapotranspiration model developed by Mark Williams (1996) for the group study
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of the upper Cienega Creek basin. The BLM operates a weather station in the upper

basin that has four years of meteorological data for the watershed. Some important data,

however, is not recorded by this station. The missing data is obtained from

hydrometeorological measurements at the nearby Walnut Gulch experimental watershed

and is coupled with the data from the Cienega Creek site. With this set a modified

version of the Penman-Monteith based evapotranspiration model is developed and

calibrated so that it can be applied to the Cienega Creek watershed. This model then

estimates the evapotranspiration from the basin grasslands of the upper Cienega Creek

watershed. The conclusions of the model are that the precipitation rate and the

evapotranspiration rate in the lowlands are equal. After determining the areal extent of

the grasslands the amount of water lost to evapotranspiration is calculated to be 276,512

acre feet / year.

The model developed by Williams considers exchanges between the surface and

the atmosphere and assumes the only water input is from precipitation. For this reason

the model is not capable of determining evapotranspiration from riparian areas where

shallow groundwater levels supply water to phreatophytic vegetation. For this estimate a

potential evapotranspiration rate is used to delineate an upper limit on the amount of

water lost to phreatophytes in the riparian region. This upper limit is estimated to be

2,897 acre feet / year.
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Change in Storage

Solving the water budget equation reveals the amount of annual storage change

occurring within the upper basin. Since there axe no surface water storage areas within

the upper Cienega Creek basin changes in storage reflect groundwater gained or lost by

the basin aquifer. With all the parameters in the water budget equation accounted for

except the change in subsurface storage the equation can be rewritten to solve for this

unknown value. To determine the change in subsurface storage the zero value

parameters are eliminated and the water budget equation is written as

P - SWout - GWout - ET - ETrip — ASg

The only water input to the basin is from precipitation. This is estimated by

calculating rainfall amounts as a function of elevation and is determined to be 288,456

acre feet / year. Water outputs from the basin include surface water outflows leaving

Cienega Creek which account for 2,050 acre feet / year. Also groundwater outflows

leaving the upper basin total 7,261 acre feet / year. The main process through which

water exits the basin is by evapotranspiration. Evapotranspiration in the basin lowlands

is responsible for 276,512 acre feet / year of water leaving the upper basin.

Evapotranspiration from the riparian region absorbs 2,897 acre feet / year of water. By

subtracting the various outflow parameters from the only input parameter of precipitation

the change in basin storage is calculated to be -664 acre feet / year. The negative value

indicates that the basin aquifer is experiencing a net loss of 664 acre feet of water per
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year to natural and cultural factors. Table 3-4 gives the results of the water budget with

each of the separate components.

Table 3-4

Yearly Average
(inches)	 (acre feet)

P 17.85 288,456

SWout .13 2,050

GWout .45 7,261

QPumP .02 400

ET 16.09 276,512

ETrip 30.18 2,897

ASg -.04 -664

As can be seen from the table of results evapotranspiration accounts for most of

the water loss in the basin. Over ninety five percent of the water precipitated onto the

basin is evaporated before having a chance to infiltrate into the groundwater aquifer.

The remaining water flows out of the basin via the surface streamflow of Cienega Creek

and through the conductive layers of the basin fill as groundwater outflow or pumping

withdrawals. According to the water budget equation the groundwater aquifer is

experiencing a small net loss of 664 acre feet / year of subsurface water storage. This

loss may be considered insignificant in light of the estimation that the aquifer of the
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upper basin contains 5.1 million acre feet of water. Still this value shows that the basin

would be susceptible to increased demands on its water supply if urban development

were to encroach on the lands within or adjacent to the watershed.

Recharge

Another important parameter to consider for water supply information is the

amount of annual recharge to the groundwater system. Recharge can be divided into two

components: mountain front recharge and basin lowland recharge. Mountain front

recharge includes all water from rainfall falling in the mountain highlands that infiltrates

into the ground and flows into the lowland basin aquifer. Basin lowland recharge

consists of precipitation that falls on the basin lowlands and infiltrates into the ground to

recharge the aquifer. Recharge can be calculated using the subsurface water budget

equation:

Rsg - Rgs + GWin - GWout - Qpump - ETrip = ASg

Water flowing from the surface to the ground (Rsg) is analogous to recharge which is

composed of mountain front recharge (mtn RCH) and basin lowland recharge (basin

RCH). By noting which terms are zero and rearranging the rest to solve for the annual

recharge, the equation becomes:

mtn RCH + basin RCH = Rgs + GWout + Qpump + ETrip + ASg

Water flowing from the ground to the surface (Rgs) describes the perennial streamflow

of upper Cienega Creek which is entirely supported by groundwater being forced to the
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surface by bedrock (Roudebush, 1996). By assuming that this quantity is equal to the

surface water outflow of 2,050 acre feet / year leaving the upper basin, the value of Rgs

can be added to the other known parameters to give the sum of the annual mountain front

and basin lowland recharge. Totalling these values gives an annual recharge volume of

11,944 acre feet / year.

To determine the quantities of mountain front recharge and basin lowland

recharge separately the surface water budget equation is used. Recharge (RCH) is again

said to be described by surface to ground flow (Rsg) and is composed of mountain front

and basin lowland recharge. By eliminating the zero volume terms and rearranging the

rest, the recharge equation becomes:

mtn RCH + basin RCH P - SWout - ET + Rgs

As previously stated the perennial streamflows of upper Cienega Creek are entirely

supported by groundwater being forced to the surface by bedrock. Under this assumption

the values of SWout and Rgs are equal and therefore cancel out of the equation. Total

annual recharge is then determined by subtracting the evapotranspiration volume (ET)

from the precipitation volume (P). This again gives a value of 11,944 acre feet! year for

the total annual recharge.

The definition for basin lowland recharge is recharge occurring within the basin

lowland areas. The evapotranspiration term (ET) is said to describe evapotranspiration

losses from the basin grasslands which only exist in the lowland areas of the upper basin.

In this region of the basin the evapotranspiration rate is equal to the precipitation rate
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(Williams, 1996) so all rainfall is evaporated before having the chance to infiltrate into

the groundwater system. Considering the basin lowland region only, subtracting the

precipitation volume from the evapotranspiration volume leaves no water left for

recharge. In other previous studies recharge in the lowlands is often considered to be

negligible because of the high evapotranspiration rates and deep soils characteristic of

this region (Simpson, 1976). The combination of these two factors means that most of

the rainfall that lands in the lowland region does not have a chance to infiltrate through

the thick soil layer into the groundwater aquifer before it is evaporated from the surface

soil layer or transpired by the vegetation covering the basin. For these reasons the basin

lowland recharge is said to equal zero and the total annual recharge of 11,944 acre feet /

year is composed entirely of mountain front recharge.

Mountain Front Recharge 

Mountain front recharge is the main source of water inflow to the groundwater

aquifer in the upper Cienega Creek basin. The upper basin is almost entirely surrounded

by mountains that rise up to 9,000 feet in elevation. The watershed is bounded by the

Santa Rita and Empire mountains on the west side, the Whetstone and Mustang

mountains to the east and the Canelo Hills in the south. Horizontally moving air masses

are forced upward when encountering the mountain ranges. As the air gains altitude it

cools and eventually condenses resulting in precipitation over the mountain highlands.

Recharge volumes for each of the mountain ranges contributing to the upper basin has
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been determined by several studies including the groundwater model developed by Bota

(1996) which gives the following recharge amounts in table 3-5:

Table 3-5

Recharge Area  Recharge (ac ft/yr)

Santa Rita and
	

5,564
Empire Mtns.

Whetstone Mtns.	 4,936

Mustang Mtns.	 1,516

Canelo Hills
	 1,508

Total
	

13,524

This value is higher than the mountain front recharge value of 11,944 acre feet / year

deduced by the water budget equation. Still both volumes show correspondence with

recharge amounts calculated in other studies. Table 3-6 provides comparisons between

the results of the current research with other recharge analyses for the upper basin along

with the corresponding methods of calculation. Variations in these recharge values may

be attributed to the different assumptions associated with the various techniques.



Table 3-6

Researcher	 Method	Recharge (acft/yr)

Knight, 1996	 water budget analysis	 11,944

Bota, 1996	 groundwater model	 13,524

Simpson et al., 1983	 recharge capacity of	 10,500
mountain bedrock

Simpson et al., 1976	 salt mass balance	 15,700

Boggs, 1980	 steady state
	

10,700
computer model

Gerarghty & Miller, 1970	 percent of total
	

6,900
rainfall infiltration
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As was previously mentioned there are some potential problems with estimating

certain parameters in the water budget. Fortunately these parameters account for only a

small portion of the total annual water budget. Streamflow measurements, which are

used to calculate the annual outflow of surface water from the upper basin are thought to

be suspect because of the methods of measuring the flow only once a month. Surface

water outflow is a minor component of the water budget consisting of less than one

percent of the total annual water supply. At the most the surface water outflow would

deviate 500 acre feet from the reported value signifying that errors in this measurement

can be considered insignificant.

Another source of error may exist with the estimate of the riparian

evapotranspiration rate. An actual riparian ET rate was not determined for the upper
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Cienega Creek basin because the model developed by Williams (1996) is not designed to

account for shallow groundwater that is transpired by phreatophytic vegetation in the

riparian area. Instead an upper limit of the ET rate in the riparian zone is given and

utilized by the groundwater model created by Bota (1996) for the upper basin. The

model requires input of a maximum evapotranspiration rate for the riparian region which

was supplied by Williams. If there is significant water in the stream system the riparian

ET rate is set at the maximum rate. If the model shows insufficient amounts of water in

the stream system to sustain this level of evapotranspiration, the rate is decreased relative

to the amount of available water. The riparian evapotranspiration rate (ETrip) used in

the water budget is the average ET rate output by the model for a steady state run.

Water Management

Information from the water budget can provide insight into what water

management options would help to preserve the riparian region of the upper basin. The

area of interest lies in maintaining perennial streamflows throughout the riparian reaches

of upper Cienega Creek. Estimates frOrdthe water budget show that 2,050 acre feet /

year of surface flow leaves the upper basin which translates into an average flow of

approximately 2.84 cfs which currently supports the riparian community. Virtually all of

this baseflow is sustained by groundwater being forced to the surface. As estimated in

this study annual recharge to the groundwater aquifer over the entire basin totals 11,944

acre feet! year which is under five percent of the annual rainfall volume. This reveals
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that the perennial streamflows are dependent on a relatively small supply of groundwater

input. Losses of groundwater to wells that pump at what appears to be low rates may

remove water from the stream as the groundwater volumes are reduced. The slow

recharge rates may cause these effects to occur sooner than expected.

The water budget also gives information on how the basin would function and

respond to being used as a potential water supply source. This is a primary water

management concern for neighboring communities that may need to utilize the waters of

the upper Cienega Creek basin. Growing urban developments in the Sonoita and Elgin

region would inevitably require additional quantities of water to supply the expanding

population. In the last five years 70 new houses have been built in the Sonoita area

giving the region a total of 686 homes (BLM, 1994). A general rule of water

consumption is that a home of four people consumes about 100 gallons of water per day.

These two towns currently rely exclusively on groundwater pumping to bring water into

homes and businesses. The answer to providing more water for a growing population is

to increase the magnitude of groundwater pumping in the region. The question is how

would this additional pumping affect the Cienega Creek watershed. The main concern

lies in protecting the riparian regions along upper Cienega Creek and this means

maintaining perennial streamflows throughout the riparian reaches. Since the perennial

flows of upper Cienega Creek are dependent on groundwater flows being forced to the

surface, removing groundwater from the system by pumping would have to affect the

quantities flowing to the surface. This in turn would reduce the perennial streamflow
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quantities which would have adverse affects on the riparian system.

While urban development always seems to carry the threat of doing harm to a

natural ecosystem, the situation in the Cienega Creek basin is less critical than it may

appear. The towns of Sonoita and Elgin are situated near the groundwater divide

between the upper Cienega Creek basin and, for Sonoita the Sonoita basin, and for Elgin

the Babocomari basin. In the region of the groundwater divide there is little recharge

that reaches the aquifer of the upper Cienega Creek basin. Any extension in the amounts

of groundwater pumped from this area would reduce only a minute portion of the

quantity of groundwater recharged to the basin aquifer. As is shown by the water budget

all of the total recharge to the aquifer occurs in the mountain uplands. The towns of

Sonoita and Elgin lie outside of the Cienega Creek basin and any additional well

pumping would probably only extend into a small part of the Cienega Creek basin in the

vicinity of the groundwater divide where recharge is low. The towns of Sonoita and

Elgin lie near the southern boundary of the upper Cienega Creek basin while the

perennial reaches of Cienega Creek are located near the northern boundary. Due to the

distance between the towns and the perennial stream flow, and because the towns lie near

the groundwater divide, the potential for groundwater pumping to reduce the streamflows

of Cienega Creek seems to be very small.

The location of the towns of Sonoita and Elgin near the groundwater divide is

advantageous concerning the interest in preserving the perennial streamflows of upper

Cienega Creek. At the same time the location of the two towns could present problems



61

for the interests of promoting urban development in the region. As previously stated

groundwater pumping in the vicinity of the groundwater divide has little affect on the

groundwater flow regime because in an area of low recharge the amount of water

contributed to the aquifer is very small. Groundwater storage in this region is not very

deep, especially for Sonoita where the depth to bedrock is relatively shallow.

Groundwater is flowing away from these towns in directions similar to those of the

surface water flows of Cienega Creek, Sonoita Creek and the Babocomari River. For

these reasons it is not infrequent for a pumping well to have a noticeable affect on

another pumping well if the two wells are too close together. Situations have arisen

where continuous pumping of a well has caused a neighboring well to go dry. The

groundwater pumping problems of the towns of Sonoita and Elgin appear to be confined

locally and should not influence the perennial streamflows of upper Cienega Creek.
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CHAPTER 4: WAlER AND LAND MANAGEMENT

As one of the few remaining riparian areas in Arizona upper Cienega Creek offers

several qualities that cannot be found in most stream systems throughout the state. The

upper Cienega Creek riparian reach offers benefits to both humans and wildlife. The

riparian ecosystem provides habitat for numerous plant and animal species including

cottonwood and mesquite woodlands and numerous birds, fish and mammals. The water

and shelter from the hot sun attract wildlife from the surrounding regions making

riparian areas some of the most biologically diverse regions in the world. Additionally

the riparian region along with the entire watershed creates an ideal recreational area for

such activities as hiking, camping, horseback riding, photography, bird watching,

mountain biking, picnicking and hunting. A healthy riparian region is often self-

sustaining with the roots of trees and other plants helping to stabilize the streambanks

and reduce soil erosion which in turn keeps the water quality high.

A riparian system can also benefit adjacent regions, most often those found

downstream. For instance the Cienega- Cièék watershed contributes about 10% of the

total annual recharge of the Tucson basin aquifer which is one of Tucson's main water

supply sources (PCDOTFCD, 1992). The riparian reaches of the creek also aid in

stabilizing the flood flows from the Cienega Creek basin. This is important in reducing

potentially destructive large scale flood flows and also helps to provide Tucson with a

more stable year round recharge supply. Furthermore the riparian vegetation improves
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the quality of the water by filtering out toxic compounds that may have entered into this

source of drinking water. It is in the best interest of all regional residents of the area to

favor protection of Cienega Creek and its many valuable attributes. Yet several threats

still exist which could jeopardize the ability of the riparian system to function in a

healthy and proper manner.

The most consistent and potentially devastating actions against a natural

ecological system usually originate from human activity and the situation at Cienega

Creek is no different. Fortunately the issues of environmental awareness have arrived

when prevention of damage is still a viable option. The main threat to most riparian

regions is from urban development and its repercussions. In this region urban

development is present in two relatively small communities. The towns of Sonoita and

Elgin have populations of less than 3,000 people. Sonoita lies just within the boundaries

of the Cienega Creek watershed while Elgin is situated just outside the basin. Most of

the damage to a riparian system from urban development is from a loss of water to

extensive groundwater pumping projects. The perennial flows of Cienega Creek are

exclusively supported by groundwater flow and any reduction in the amount of

subsurface flow to the creek will inevitably cause reductions in the streamflow.

Both the towns of Sonoita and Elgin are dependent on groundwater to sustain

their communities because of no alternative water supply sources in this high desert

region. The Cienega Creek basin lies outside of any Active Management Areas and

therefore is not subject to any regulations on groundwater pumping. At the moment
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there is no protection for the perennial streamflow reaches of the upper basin. Water law

in Arizona does not recognize a direct connection between groundwater and surface

water flows. In a region where there is not enough surface water runoff to support

perennial streamflow the streams that do flow year round are supported by groundwater

inputs. Groundwater pumping in expanding urban areas can reduce this input or in some

cases actually reverse it so that the stream is losing water to the ground, eventually

causing the stream to go completely dry.

Other human activities that threaten the health of riparian areas are recreational

activities within or near the riparian reach. People engaged in some of the activities

previously mentioned may inadvertently harm vegetation or disrupt wildlife. Also

recreation near the stream itself, such as hiking, horseback riding or mountain biking,

can cause erosion and streambank degradation which adversely affects the health of the

riparian system and the quality of the water.

Riparian regions can be very attractive and beneficial to cattle with their

vegetation and water supply. Cattle, however, offer no beneficial returns to the riparian

system. Cattle can decrease the amount of vegetation by eating some species and

trampling others. In their search for water cattle can trample down the streambanks

disturbing the soil and increasing erosion. Streambank degradation leads to higher

sediment yields in the creek which reduces the overall water quality of the system.

Cattle grazing has been identified as the primary non-point source pollution problem for

rivers. The reduction of vegetation and the decrease in water quality adversely effects
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the habitat of animals that use the region for shelter and fish that live in the waters of the

stream. Human activity seems to be naturally incompatible with the designs of natural

systems. This is why management policies are needed to help preserve riparian areas

that are so valuable to wildlife yet so quickly disappearing.

Land Acquisition

Most of the land within the upper Cienega Creek basin is owned by either the

Bureau of Land Management, the U.S. Forest Service, the State of Arizona, or Pima

County. The BLM maintains ownership of much of the basin lowland area including the

land adjacent to the perennial reaches of upper Cienega Creek in an area called the

Empire/Cienega Resource Conservation Area (ECRCA). The property had originally

been held in private ownership by ranchers who used the land for cattle grazing. In the

early 1960's the land was bought and subdivided by the Gulf American Corporation.

Their intent was to sell the land to developers which would effectively create an urban

strip between Tucson and Sonoita. The Empire Ranch Area Plan, adopted by Pima

County in 1970, permitted continuous urban development between the towns of Sonoita

and Vail which would accommodate 40,000 to 50,000 people (PCDOTFCD, 1992). This

level of development would have spelled the death of upper Cienega Creek and its

riparian habitat as the amount of groundwater pumping necessary to sustain this

community would have mined the aquifer to a point where there would be insufficient

recharge to support perennial flow. Studies done at the time predicted pumping rates
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would be around 11,000 to 15,000 acre feet / year. At these rates termination of

perennial flow and desiccation of the riparian habitat would have been complete after 15

years of pumping (PCDOTR,D, 1987). Furthermore streamflows in the Sonoita and

Babocomari rivers would have been substantially decreased if not entirely depleted.

The Gulf American Corporation abandoned its development plans and sold the

land to the Anamax Mining Company between 1974 and 1977. Anamax purchased the

area for its groundwater rights and mineral potential. By 1986 Anamax had lost interest

in the area and began marketing the land. Since 1970 Pima County had shifted its way of

thinking and now wanted to purchase the area not for its development potential but for

the purpose of maintaining the land in its natural condition and possibly turning the

region into an open space park for recreational use. Instead the BLM obtained the area

through a series of land swaps which gave them the area now called the Empire/Cienega

Resource Conservation Area while Anamax received land west of the city of Phoenix.

In general Pima County's interest in purchasing land is for flood control, to

enhance recharge, to protect lands subject to flooding or erosion, or to preserve riparian

areas. The BLM is usually interested in obtaining lands with natural or historic

resources, or lands suitable for public use. Considering these criteria the lands of the

upper Cienega Creek basin would be of interest to both parties. Pima County's interest

in the land parallels their reasons for purchasing the land which is now the Cienega

Creek Natural Preserve (CCNP). The goals of creating the preserve are to protect

Tucson from increased flooding hamds and erosion of the stream channels. Studies
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predicted that if the developable regions in the Cienega Creek basin were actually

urbanized flood peaks in Tucson could increase upward between 25% and 50% while

peak velocities could increase by 7% to 16 % (PCDOTFCD, 1992). A similar situation

has befallen the town of Marana which is north of Tucson and downstream along the

Santa Cruz river. As a result of Tucson's ever growing urban area Marana has been

affected by increasing flood magnitudes and peak flows. Also the Cienega Creek basin

provides a high quality source of recharge to the Tucson basin which is estimated at

about 6,200 acre feet / year (PCDOTFCD, 1992). Pima County understands the benefits

of preserving a healthy riparian system which helps to mitigate flood magnitudes and

enhances recharge. As well a healthy riparian system is an excellent resource for both

public recreation and for wildlife habitat which is where interest from the BLM

originates.

The goals of the BLM acquisition of the upper Cienega Creek basin land is "... to

preserve, protect, and enhance the property's multiple use values" (BLM, 1988). This

involves managing the riparian region and the adjacent lands for compatible use by both

humans and wildlife. The BLM is also concerned with protecting several endangered

species that inhabit the region. Two rare fish species utilize the perennial flows of upper

Cienega Creek for habitat. These are the endangered Gila Topminnow and the threatened

Gila Chub. Also the Grey Hawk and the Ferruginous Hawk, both of which are listed as

threatened species by the Arizona Fish and Game Department, make use of the riparian

woodlands along Cienega Creek as does the endangered Sanborn 's Long-nosed Bat.
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Other rare and sensitive species include the Gila Monster, the pronghorn antelope, and

the Southwest willow flycatcher. Rare plant species that compose parts of the riparian

woodlands include a healthy gallery forest of cottonwoods and extensive mesquite

bosques. Table 4-1 lists many of the endangered and threatened wildlife species

inhabiting the upper basin along with some of the more common yet sensitive animals.

Ultimately the BLM and Pima County would like to incorporate the remaining

state and private lands south of Interstate 10 and north of the Empire/Cienega Resource

Conservation Area into an area called the Cienega Creek Connection. Between 1990 and

1992 Pima County purchased 880 acres of land within the Empirita Ranch Area. Upon

completion of this purchase approximately 23,500 acres of state gazing lease was

assigned to a designee of Pima County (PCDOTFCD, 1992). This, however, did not

remove the state land from the residential, commercial, and industrial uses proposed in

the area plan. In order to protect the land in perpetuity all state land must be acquired by

the BLM. The BLM hopes to acquire the Cienega Creek Connection land which would

effectively connect the ECRCA with the CCNP. The lands could then be incorporated

into one unit and with Congressional approval be designated as the Las Cienegas

National Conservation Area. The Las Cienegas National Conservation Area would

stretch from the downstream end of the CCNP to the upstream reaches of the ECRCA.

Additional proposed land acquisitions lie along the Babocomari River and in the Empire

Mountains. Figure 4-1 displays the proposed recreational features planned for future

inclusion in the areas around the Las Cienegas National Conservation Area. The efforts



Table 4-1
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Species of Concern Inhabiting the Upper Cienega Creek Basin

FE
FE
FE
FC
FC
FC

FE
FC
FC
FC

State Endangered Species

Bald Eagle
Sanborn's Long-nosed Bat
Northern Aplomado Falcon
Osprey
Ferruginous Pygmy Owl
Southwest Willow Flycatcher

State Threatened Species

Gila Topminnow
Gila Chub
Grey Hawk
Mexican Long-tongued Bat
Chiricahua Leopard Frog
Ferruginous Hawk
Yellow-billed Cuckoo
Baird's Sparrow
American Redstart
Chihuahuan Pronghom Antelope

State Candidates Species

Great Plains Narrow-mouthed Toad
California Leaf-nosed Bat	 FC
Lowland Leopard Frog

	
FC

Mexican Garter Snake
	

FC
Southwestern Cave Myotis

	
FC

Greater Western Mastiff Bat
	

FC
Arizona Ridge-nosed Rattlesnake
Northern Goshawk
Mississippi Kite
Common Black Hawk
Sprague's Pipit
Belted Kingfisher
Tropical Kingbird
Thick-billed Kingbird
Rose-throated Becard
Black-capped Gnatcatcher
Red Bat

FE = listed as federal endangered species
FC = listed as federal cadidate species

Other Species of Concern

Green Rat Snake
Northern Beardless Tyrannulet
Black-shouldered Kite
Green Kingfisher
Virginia Rail
Swainson's Hawk
Longfin Dace
Mule Deer

White-tailed Deer
Javelina
Mountain Lion
Cottontail Rabbit
Black-tailed Jackrabbit
Raccoon
Gambel's Quail
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of the BLM to acquire the additional 26,000 acres of state land would be supported by

Pima County. The entire area would include 145,000 acres of protected land in the Las

Cienegas National Conservation Area, analogous to the San Pedro National Conservation

Area though much larger in area. This would create a continuous open space corridor

from the border of Mexico to Oracle, Arizona, a length of 90 miles (figure 4-2). Such a

region would provide animal movement corridors between the Rincon, Santa Rita,

Whetstone and Empire Mountains and the Canelo Hills instead of limiting the wildlife to

the mountain island regions where they have been driven because of urban expansion.

This land would also act as a natural open space for the growing population of the region

as well as providing some sort of control on the degree of urban sprawl. The BLM hopes

to manage this land to protect the riparian stream system and preserve the perennial flow

reaches of Cienega Creek. One of the goals of establishing the Empire/Cienega Resource

Conservation Area was to create a protective environment for wildlife, especially for the

endangered species that inhabit the area. The BLM continues to try to purchase land in

the upper basin on a willing buyer! willing seller basis with the State of Arizona and

private land owners in the region in order to obtain its goal of creating the Las Cienegas

National Conservation Area.
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Current Management Policies

Land currently owned by the BLM in the upper basin is managed under a variety

of different policies. The Riparian Wetlands Initiative for the 1990's (RWI) summarizes

the ideas that are the foundation for developing management policies for riparian areas.

The initiative lists four main riparian-wetland goals designed to encourage national

protection of these environments. The first goal addresses restoration and maintenance

of riparian-wetland areas so that 75% or more are in proper functioning condition by

1997. Another goal discusses protection of riparian-wetland areas and their associated

uplands through proper land management and avoidance or mitigation of negative

impacts. This goal recommends land acquisitions and expansions of key areas to provide

for their maximum public benefit, protection, enhancement and efficient management.

The third goal argues for an aggressive riparian-wetland information/outreach program

which would include provisions for training and research. The last goal examines ways

to improve partnerships and cooperative restoration and management processes in

implementing the riparian-wetland initiative (BLM, 1991). These goals simply provide

a general direction as to what actions should be considered for managing a riparian

system. Local branches of the BLM are responsible for keeping these goals in mind

when planning their management programs for the riparian lands within their

jurisdiction.

As the primary owner of the sensitive lands surrounding the upper Cienega Creek

riparian area the Bureau of Land Management has control over how the resources of the
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region are utilized. The BLM has the problem of managing an ecologically sensitive area

while still offering recreational opportunities within the public lands. In general the

management objectives are to preserve the perennial stream flow of upper Cienega Creek

and the riparian community that depends on its waters for existence. At the same time

the BLM wishes to create the necessary provisions to allow for opportunities for public

use. Since these two objectives seem to be incompatible, compromises must be made

between protection and recreation.

The BLM is empowered and required by Congressional policy to perform certain

management activities as described in various federal laws and acts. Some of these laws

have a direct application to how the upper Cienega Creek basin is managed. The

Federal Land Policy and Management act (FLPMA) of 1976 "directs BLM to manage

public lands in a manner that will provide for multiple use and at the same time protect

natural resources for generations to come." (Riparian Area Management, BLM, 1993)

This requires the BLM to manage the public lands "in a manner that will protect the

quality of ecological , environmental, and water resources values, among others,

including riparian-wetland areas" (RWI, 1991). The National Environmental Policy Act

of 1969 (NEPA) "requires federal agencies to initiate and use ecological information to

analyze the planning and development of resource-oriented projects including those

affecting riparian-wetland areas" (RWI, 1991). The Clean Water Act of 1977 "provides

for protection, restoration, or improvement of water quality, including riparian-wetland

areas" (MI, 1991). Some of the wildlife inhabiting the Cienega Creek basin receives
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protection under the Endangered Species Act of 1973. This Act "requires federal

agencies to ensure that proposed actions do not jeopardize the continued existence of a

threatened or endangered species or cause its critical habitat to be adversely modified or

destroyed" (RWI, 1991). Even though grazing is permitted on the lands of the ECRCA

the Taylor Grazing Act of 1934 directs the BLM to "stop injury to the public lands

including riparian-wetland areas by preventing overgrazing and soil deterioration, and to

provide for their orderly use, improvement, and development" (RWI, 1991). These

federal laws create the foundation for the policies of land and water management that the

BLM implements for the ECRCA.

The BLM currently employs several restrictions on how the lands of the

Empire/Cienega Resource Conservation Area can be used. The entire area is closed to

mining entry of any form and no new water developments will be planned for the future.

Crop farming is no longer allowed and grazing is being excluded from the riparian areas.

All wildland fires are to be completely suppressed and no woodcutting is allowed except

with a permit. Efforts to restore the riparian area to what is believed to be a natural

functioning condition are planned. The BLM intends to reduce and prevent the

headcutting processes occurring on Cienega Creek and its tributary washes. This erosive

process is currently being restrained by the construction of check dams within the stream

channel itself. Previous check dams in the main channel have been very successful in

filling in the eroded channel bottom. Some have even returned the stream bottom to the

level of the surrounding land within a year's time. This should help to prevent further
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erosion by stabilizing the bank soils which will also improve the water quality of the

stream.

The BLM also plans to remove the irrigation diversion known as the "Panama

Canal". This structure was built to route streamflow from Cienega Creek to provide

water for the crop fields near the creek. These fields have since been taken out of use yet

the diversion still directs the water flow out of the natural channel. This diversion

structure has caused a 1.4 mile segment of Cienega Creek to go completely dry. By

removing the diversion it is expected that this currently dry reach may again support

perennial flow. Perennial flows are also important to the native fish species living in the

creek. The BLM has proposed efforts to prevent exotic fish species from entering the

creek and also to eliminate any non-native fish that may compete with the native species.

This is part of the recovery program to protect the endangered Gila Topminnow and the

Gila Chub and Longfin Dace which are threatened species.

Recreational opportunities within the ECRCA are generally unmonitored

although there are some regulations. The public is encouraged to use two primary access

entrances into the ranches. Unofficial .ancl.hazardous roads are being closed by the BLM

to protect visitors and the environment. There are some preliminary plans to reroute

some roads to reduce the number of stream crossings. Development or construction of

campgrounds, interpretive centers and administrative headquarters has been proposed for

the future enhancement of recreation in the area.
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Grazing

One of the primary uses of the land of the upper Cienega Creek basin is to graze

cattle. Currently the BLM and the State of Arizona lease about 74,000 acres to the

Donaldson family for the purpose of grazing cattle. The BLM has worked cooperatively

with the Donaldson's to develop a set of rangeland management concepts to help

maintain and/or improve the quality of the grazed land. The cattle consist of 1,000 head

of mother cows that are moved through a series of flexible pasture rotations as the

seasons progress. The cows are grouped into one herd to maximize the rest time in the

non-grazed units. The ranchland has been divided into "units of usability" which are

variable size rangeland units that support the base herd for a certain time period during a

certain season. The units are classified based on the growing season for the plant species

that occupy the land unit.

The first set is the non-growing season units which consist of 35,540 acres

divided into nine pastures on the rougher and steeper hills and slopes of the Empire and

Whetstone Mountains. These pastures are grazed in the cooler months between

November and April when the cattle can travel further from water. In the cooler

temperatures the cattle can last for two to three days without water. Springs in the

upland regions, natural streams, some wells and Cienega Creek provide the water supply

for the cattle. The ranchers monitor the previous summer's rainfall to predict the grazing

use these lands can sustain. Rotation between pastures is done according to the rainfall

amounts and usage. The ranchers try to rest each grazed pasture for one to two years
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following its use to allow for complete recovery. This is especially true for the fields that

are grazed in the critical spring period when the perennial grasses are growing. Another

benefit of using the upland pastures is to reduce the reliance on Cienega Creek as the

major water source.

The second set of pastures is called the growing season units which account for

over 33,310 acres of the grazing land. A smaller portion of this area is the sacaton grass

section on the floodplain terraces adjacent to creeks and drainages. Water is provided by

the streamflow of Cienega Creek and from wells as well as by the irrigation diversion

often referred to as the Panama Canal. The acreage of the sacaton grass units is only

3,200 acres which is much less than the winter pastures so there is an increase in the

livestock density. This smaller area needs close monitoring and the unit selection is

based on past usage, rainfall amounts and any burned land from fires. During this time

the streambanks along Cienega Creek suffer from severe trampling because of the easy

access to the creek for water. Also the woody riparian vegetation is subject to heavy

grazing. The sacaton grasses, however, are well adapted to sustain high intensity short

duration grazing pressure. Units that are used one year are rested the next year or until

sufficient recovery has been achieved. The grazing time for these pastures begins in May

and extends until the monsoon rains begin. This allows the upland hills and slopes to

recover from the winter grazing.

The sacaton grass regions are not grazed during the rainy season because of

insects and mud. Instead the herd is moved into the larger upland plains region near the
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southern end of the ranch. Between the middle of July and October the cattle graze

between five pastures in the less rugged and more level uplands below the steeper hills

and slopes of the mountains. This grazing occurs during the growing season of the

perennial grasses of the area and these sections are the slowest to recover from the

effects of grazing. Therefore the ranchers attempt to limit the amount of time the cattle

spend in this region. Water is available in side canyons and drainages and is

supplemented by wells.

A third type of grazing unit is called the combination pastures. These contain

abundant perennial grasses and can be grazed in the growing or non-growing season.

Primarily these units are used when the cattle move from the winter to the spring time,

sacaton grass units. Water is provided by wells and tanks.

Supplemental units make up about 1,900 acres of the grazing pastures. These are

not in the regular grazing rotation and are used mainly for gathering, shipping, and

holding cattle. Occasionally horses are grazed in these pastures. Wells and a pipeline

trough provide water to these pastures.

The riparian pasture units account for the rest of the ranch land. These former

pastures are now fenced off from any livestock grazing. Any future grazing in this area

would be minimal in order to protect the sensitive riparian region. Presently the riparian

pastures only serve as watering points for the cattle (Cienega Creek) and to provide

access corridors between the east and west pastures.
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During the time the Donaldson ranch and the BLM have worked together with

these cattle management practices, the upland and riparian resources of the upper basin

have steadily improved. The majority of the rangeland is in good condition and is

showing an upward trend. Perennial grasses cover most of the area and some of the

gullies along the side canyons are healing. Previous ranchers on the upper basin did not

graze their cattle using the flexible rotation system. The ranchers would stock each of

the pasture units (including the riparian units) at moderate levels and let the cattle graze

continually until the fall roundup. The disadvantages of this approach are many. The

livestock had a tendency to concentrate their grazing around the water sources and would

not forage in the more remote areas. The most desirable plants and the most accessible

areas would therefore get no rest. Also the cattle preferred the riparian corridors because

of the shade, water and easy movement. Repeated grazing in the riparian corridor

reduced the perennial grass cover and accelerated the soil erosion rate and caused

dovvncutting of the stream channel. Since 1975 the Donaldson ranch has operated under

the current grazing system of flexible rotation of one herd of cattle. This system, along

with BLM management policies appears to be compatible with the natural ecological

system of the upper basin.

Some prospective grazing plans may be implemented in the near future in the

upper basin. The BLM would ideally like to fence off Cienega Creek from all livestock

to further protect the riparian system. The sacaton pastures in the southern region of the

basin would be fenced off from all grazing except for a few strategic points that would
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allow the cattle to cross the creek. The northern riparian pastures would be refenced to

eliminate use of the Dominguez and Fresno canyon watering points which would exclude

the cattle from Cienega Creek. If an alternative water source cannot be found the cattle

would be allowed at the very north end of the Cienega Creek. It is estimated that two

new wells will need to be drilled to replace the water supply lost by fencing off the creek.

Future Management Options 

While the Bureau of Land Management currently employs numerous protection

strategies in its management policies there are still other protective management

approaches that would help preserve the riparian system of the upper Cienega Creek

basin. One of these is the Wild and Scenic River Act which declares "that certain

selected rivers 'shall be preserved in free-flowing condition...' (Utter, 1976). This

would protect the perennial reaches of upper Cienega Creek as well as the riparian

community bordering these areas. Another policy is the Unique Waters Designation.

Streams with high water quality that may be threatened by human activity can receive

this status. This designation is often accompanied by an Instream Flow Permit which

allows an owner to establish a water right without consumptively using the water.

Federal policy can also designate Areas of Critical Environmental Concern. These

regions are deemed to need protection based on their unique resources. Each of these

management strategies and their implications toward Cienega Creek will be discussed

below.
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Wild and Scenic Rivers Act

The Wild and Scenic Rivers Act, passed by Congress in 1968, is designed to

provide protection for river systems deemed to have exceptional resource qualities.

Congress declared that "... the established national policy of dam and other construction

at appropriate sections of rivers of the United States needs to be complemented by a

policy that would preserve other selected rivers or sections thereof in their free flowing

conditions to protect the water quality of such rivers and to fulfill other vital national

conservation purposes" (USDA Forest Service, 1981). Currently upper Cienega Creek

has been recommended for Wild and Scenic River status and would receive such

protection if Congress approves the action. Upper Cienega Creek is about 30 miles long

with 13 miles of the stream containing perennial surface water flow. 10 5 miles of this

perennial flow exists inside the boundaries of the ECRCA. If the recommendation is

approved protection under the Act would encompass two segments of the upper Cienega

Creek riparian system totalling 10.5 miles. Ten miles of this land is owned by the BLM

and the other half mile falls on State of Arizona land. The first segment is 3 0 miles of

Cienega Creek and 1.0 miles of Empire Gulch upstream of the confluence with Cienega

Creek. The second segement contains 5.5 miles of Cienega Creek and 1 0 miles of

Mattie Canyon upstream of the confluence with Cienega Creek. The protected area

includes the stream itself and extends .25 miles out from the high water mark shoreline

on either side of the creek. This would encompass a total area of 3200 acres (Wild and

Scenic River EIS, 1994).
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If the upper portion of Cienega Creek receives Wild and Scenic River status

several new management policies would be required. New transmission lines and natural

gas lines would be discouraged. New hydroelectric power facilities, flood control dams,

levees, water supply dams and major diversions would be prohibited. Recreation would

be encouraged in river areas classified as Scenic but public use and access may be

regulated to protect and enhance the scenic river values. The water quality of the stream

would be maintained or improved as needed. In addition to this, instream flow would be

quantified and an assessment would be initiated to secure an instream flow permit to

protect the perennial flow system.

Protection under the Wild and Scenic River Act calls for a variety of protective

management strategies, some of which are similar to what the BLM is already planning.

The BLM owned lands receive federal protection for some fish and wildlife species

under the Endangered Species Act. If Wild and Scenic River status was obtained, further

long term protection would be securable. Efforts to maintain or improve the water

quality would be required and instream flows would be quantified to assure that the flow

remains perennial. Flood control devices and diversions would be prohibited so that the

fish habitat would remain as natural as possible. Without protect-ion under the Wild and

Scenic River Act the BLM still plans to restore the riparian area to what is thought to be

its natural condition. They intend to prevent or eliminate exotic fish species from

inhabiting the stream so that the native species can exist in their natural habitat. As well

the BLM is working with the ranchers to develop riparian pastures that will remove the
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need for cattle to utilize the riparian region.

Protection under the Wild and Scenic River Act seems to offer some additional

benefits while also supporting certain management strategies that are or will soon be in

effect. Achieving this status appears to potentially create only one problem. It is

suspected that if Cienega Creek receives this designation, there would be an increase in

the amount of visitation to the area. Increased recreation ultimately leads to further

abuse of the land and its resources. The current debate is if the Wild and Scenic River

status would provide more protection than it would encourage opportunities for further

harm to the region.

Unique Waters Designation

The Unique Waters designation is "... a special recognition that acknowledges the

uniqueness of the high level of water quality..." of a particular stream. It was created by

the Arizona Department of Environmental Quality (ADEQ) to protect streams that

support threatened or endangered species. Also the designation is intended to protect

streams with high quality water that are considered an outstanding public resource or of

recreational or ecological significance. Bodies of water that have Unique Waters

protection cannot have their water quality degraded by human action. Also there can be

no activity in the watershed that could increase or decrease the concentrations of

elements or chemicals with standards. Examples of this would include any toxic

compounds that may enter the surface water system or any action that would reduce
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necessary levels of compounds such as dissolved oxygen that support life within the

stream itself.

Upper Cienega Creek appears to meet both of the criteria for receiving Unique

Waters status. The perennial reaches support two fish species that are currently listed as

endangered or as a candidate for the endangered list. The Gila Topminnow is listed as an

endangered species and makes its habitat in the perennial flows of Cienega Creek. The

upper reaches of Cienega Creek have been listed as one of five remaining critical

habitats for this endangered fish. The Gila Chub is a candidate for the endangered

species list and Cienega Creek contains one of the largest and safest populations of this

species.

Further justification for the upper portion of Cienega Creek for meeting the

criteria of Unique Waters designation is that the lower perennial reaches of Cienega

Creek have already obtained this protection. Documentation supporting Unique Waters

designation for lower Cienega Creek included many reasons that also exist for the upper

portion. The proposal cited reasons such as the surface water segments provide habitat

for the endangered Gila Topminnow, the perennial reaches provide flood storage and

help reduce erosion, the perennial flows support unique ecological systems such as native

fish and riparian bird habitat, lower Cienega Creek is one of the few remaining low-

elevation streams still flowing near the Tucson basin, and the classification as a Unique

Water would not interfere with any present or anticipated economic development



86

(PCDOTFCD, 1993). It can be said that all of these reasons apply to the upper portion

of Cienega Creek equally as well.

Instream Flow Permits

When an area receives protection under the Wild and Scenic River Act or from

Unique Waters designation usually an instream flow permit is obtained for the stream.

An instream flow permit grants the owner of the land "the right to use a flow of water,

within the stream channel, sufficient for the purpose of preserving values and uses such

as wildlife, fish, recreation and aesthetics." (Water Resource Research Center, 1990).

The permit holder is allowed to use the water without diverting it or consumptively using

it. This creates an exception to the water laws described under the prior appropriation

doctrine. This surface water law states that "Users who take water from a stream and use

it beneficially at an early date acquire vested rights which take priority over later claims."

(WRRC, 1990). Instream flow permits for streams in Arizona are issued by the Arizona

Department of Water Resources and can only be applied for by the owner of the land.

In order to obtain an instream flow permit the land owner must quantify the

requisite amount of water flow and document the need for it. Typically stream gauge

records or historical evidences of water flow quantities are used to establish the amount

of water flow that will be considered as instream flow. Reasons for obtaining an

instream flow permit can range from protecting the habitats of fish and wildlife species
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dependent on the water supply to maintaining a minimal flow amount for recreational

purposes.

Even when an instream flow permit has been applied for and all the reasons seem

valid the permit may not be issued if there are protests from other parties. Usually these

protests emanate from downstream water users who often mistakenly believe their water

supply will be diminished if the permit is approved. Instream flow permits are always

junior in right to any existing water right so the senior water right holder would always

maintain the right to his/her water. Additionally an instream flow permit states that the

water would remain in the stream and not be diverted or consumed. This actually

ensures that the downstream user will obtain a constant supply of water, a fact that is

beneficial to both parties.

Protests also arise when people with groundwater pumping rights fear that the

surface water right will interfere with their ability to continue or expand their pumping

rates. This is an issue which under current Arizona water law could be very difficult to

resolve. The hydrologic connection between surface water and groundwater is often

unrecognized by Arizona water law even though many surface water streams are

sustained by groundwater inputs. This case is definately true for Cienega Creek. It is

almost certain that groundwater pumping in the upper Cienega Creek basin would reduce

surface water flows in Cienega Creek. Establishing an instream flow right for upper

Cienega Creek would hopefully preclude any future groundwater pumping within the

upper basin that may threaten the perennial flows of the stream. Fortunately the issue
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may never arise as the BLM is in the process of acquiring land within the upper basin in

the hopes of creating the Las Cienegas National Conservation Area. As the primary land

owner in the upper basin the BLM would have control over the subsurface water rights.

Fulfilling the flow requirements of the instream flow permit would most likely be

assured with no threat of groundwater pumping: Still, it can be seen from this situation

that the issue of recognizing the connection between groundwater and surface water

needs to be resolved as future conflicts are sure to arise.

Areas of Critical Environmental Concern

"Areas of Critical Environmental Concern, or ACEC, is the principal designation

BLM assigns to public lands where special management is required to protect important

natural, cultural and scenic resources or to identify natural hazards" ("Areas of Critical

Environmental Concern", News on Multiple-Use Management, BLM, 1991). The BLM

identifies and evaluates which areas are in need of this type of protective management

and designates these areas during the resource management planning (RMP) process. An

area must meet the criteria of relevance atfdimpôrtance as defined in the Code of Federal

Regulations. In summary, for relevance the area must contain one or more of the

following: a.) a significant historic, cultural, or scenic value, b.) a fish and wildlife

resource, c.) a natural process or system such as endangered, sensitive, or threatened

species, or d.) natural hazards. To satisfy the importance criteria the area must be

characterized by one or more of the following: a.) has more than locally significant
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qualities giving it special worth compared to similar resources, b.) has qualities making it

sensitive to adverse changes, c.) recognized as warranting protection in order to satisfy

national priority concerns or to carry out mandates of FLMPA, d.) has qualities that

warrant highlighting because of safety and public welfare, e.) poses a significant threat to

human life and safety or to property. The Federal Land Policy and Management Act

(FLPMA) requires that the BLM give priority to designation and protection of ACEC's.

The riparian system of the upper Cienega Creek basin is characterized by all the

criteria for relevance except for being a natural hazard. As well the riparian system is

important because of its uniqueness as one of the few remaining perennial flow riparian

systems left in the state of Arizona and because of the sensitivity of the area to potential

human impacts. A proposal to incorporate an undesignated amount of area of the

riparian community into an ACEC has been included by the BLM in a draft of the

Phoenix RMP amendment.

If the riparian region is designated as an ACEC the BLM would initiate several

actions of priority protection for the area. One plan is to determine the feasibility of

removing the exotic fish species from the perennial reaches of the creek and

reintroducing the native fish species in an attempt to return the riparian system to what is

thought to be the natural order. Special attention would be given to promoting the

recovery of the endangered Gila Topminnow in what is considered one of its few

remaining good habitats. Efforts would also be made to monitor and improve and/or

maintain the riparian region in a healthy condition. This would entail the exclusion of
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livestock grazing within the riparian area by developing alternate pastures and water

sources. The BLM would also like to pursue the acquisition of an instream flow permit

in order to help preserve the perennial flows that support fish and wildlife habitats and to

maintain the high quality of the water. Other actions would include limiting all vehicle

traffic to currently designated roads and to close about 8 miles of unofficial off-road

trails. Also the ACEC would be closed to all mining activity and there would be no

leases for oil or gas development.

Compared to other riparian regions throughout the state of Arizona the upper

Cienega Creek watershed appears to be in a good position to maintain a high level of

preservation for many years. Most of the basin lowlands and all of the riparian regions

are owned by the BLM or are presently designated as high priority for acquistion. Lands

within the jurisdiction of the BLM are monitored to prevent excessive use or damage by

cultural activities. Additionally the water rights are in the possession of the BLM which

means the perennial streamflows sustaining the riparian system will not be depleted by

private interests. The present situation for preservation of the resources of the upper

basin seems to be in good hands. Further protective policies, however, are needed to

ensure that these lands remain protected for future generations. While land ownership by

the BLM cannot provide this, federal policies such as the Wild and Scenic Rivers Act

give the stream system long term security. It is legislation such as this that is needed to

prevent the waters of the upper Cienega Creek basin from being consumed for urban

development.
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CHAPTER 5: ISSUES AND CONCERNS OF WATER SUPPLY

Present Situation

As is the situation with many regions in the deserts of the southwest, the main

issues and concerns involving the upper Cienega Creek basin are centered around the

supply of water. The water budget provides information on what sort of water volumes

are traveling through the watershed. A summary of the results are presented in table 5-1

below.

Table 5-1: Water Budget Results

Yearly Average
(inches)	 (acre feet)

P 17.85 288,456

SWout .13 2,050

GWout .45 7,261

QPumP .02 400

ET 17.68 276,512

ETrip 30.18 2,897

ASg - .04 -664

Annual recharge to the upper basin is determined to be 11,944 acre feet / year and is

entirely in the form of mountain front recharge. Recharge in the basin lowlands is said to
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be nonexistent since the evapotranspiration rate and the precipitation rate are equal

which prevents water from reaching the alluvial aquifer. Rainfall and recharge rates in

the upper basin are high enough to support a riparian system with perennial streamflow.

Groundwater flows are forced to the surface in regions along the streambed where the

depth to bedrock decreases. These surface flows support a 13 mile long riparian system

consisting of mesquites and cottonwoods. Surface flows amount to about 2,050 acre feet

/ year of water passing through the Narrows and leaving the upper basin. Groundwater

also flows out of the upper basin in the northern region with half of the reported outflow

entering the lower basin. According to previous and current groundwater models

developed by Chong-Diaz (1994) and Bota (1996) only about 4,360 acre feet of

groundwater flows into the lower Cienega Creek basin from the upper basin. This is only

60% of the groundwater outflow of 7,261 acre feet / year reported to be leaving the

upper basin (Bota, 1996). The remaining portion appears to flow into a groundwater

divide just east of the Narrows and heads toward the San Pedro basin. This groundwater

flow passage was first identified by William Ellett in 1994 in his thesis "Geologic

Controls on the Occurrence and Movement of Water in the Lower Cienega Creek Basin".

This groundwater "trough" is described as an area of deep alluvial sediments where the

depth to bedrock is far below the surface. "This northeast trending trough is separated

from the central (Cienega Creek) basin ... by a ridge of ... outcropping Mesozoic and

Pantano Rocks. If continuous this ridge of bedrock could block the flow of groundwater

from the upper basin into the lower Cienega Creek basin and instead channel the upper



93

basin groundwater off to the northeast and into the San Pedro Basin near Benson,

Arizona. If this is the case, then recharge to the lower basin would be less than estimated

in the past" (Ellett, 1994). The existence of this alternate flow regime seems to be

confirmed when comparing the groundwater models of the lower basin (Chong-Diaz,

1994) and the upper basin (Bota, 1996). Chong-Diaz reports a groundwater inflow of

approximately 4,360 acre feet / year to the lower basin from the upper basin while Bota

states that the quantity of groundwater flow leaving the upper basin is 7,261 acre feet /

year. A discrepancy of about 2,900 acre feet of water is unaccounted for and may be

flowing into the San Pedro Basin instead. This diversion of water would have impacts on

the water supply of the lower Cienega Creek basin which would be receiving less

recharge from the upper basin than would have been expected. Future studies centered in

the northeast portion of the upper Cienega Creek basin in the vicinity of the groundwater

trough are needed to confirm that groundwater outflow from the basin is taking two

separate diverging paths.

Future Concerns

Aside from the city of Tucson, development in or adjacent to the upper Cienega

Creek basin has been relatively small. The aquifer of the upper basin, having presently

been spared the expansion of urban development, has essentially remained untouched.

The upper basin aquifer is believed to hold 5.1 million acre feet of water to a depth of

1200 feet (Kennard et al., 1988) and water table levels have been reported to be relatively
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unchanged over the last 40 years (Simpson, 1976). Only a few wells pump groundwater

from the upper basin and the annual recharge to the aquifer is capable of replenishing the

losses. The city of Tucson lies less than 50 miles away but currently uses other sources

of water to supply its population. Only the towns of Sonoita and Elgin are located close

enough to the upper basin to pose any threat through groundwater mining. The

populations of these towns is less than 3,000 people but is expected to grow in the near

future. The only source of water is groundwater and additional pumping will have to be

done to support the growing communities. The upper Cienega Creek basin is the best

and closest supply available to these towns.

Despite the large supply of groundwater contained in the aquifer any pumping of

the magnitude necessary to supply the projected increases in population for these

communities would cause adverse environmental damage. The riparian system along

upper Cienega Creek is sustained by the perennial streamflows of the creek which are in

turn supplied by groundwater flows being forced to the surface where the depth to

bedrock is shallow. Removal of groundwater from the basin would eventually affect the

amount of water supplied to the surface stTeamflow. Depending on the location of wells

and the rates of pumping, the riparian system would suffer due to the reduction or total

loss of perennial streamflows which support the riparian vegetation. The situation of

land ownership has changed, however, since the last time groundwater pumping threats

to the riparian commtmity were studied.

The BLM has recently been involved in an active land swap with property owners
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in the upper basin in an effort to obtain the land for preservation and public use. One of

the main concerns of the BLM is to preserve the riparian area. Currently there is no

threat to the water supply that sustains the perennial flows of upper Cienega Creek. The

system is in equilibrium with recharge amounts being about equal to what is discharged

from the groundwater aquifer each year. This scenario could be altered by increased

development in the Sonoita or Elgin regions. Since groundwater is the primary source of

water for these two communities, advocates of urban expansion would be looking for a

nearby supply to support future populations. At the present time urban expansion has

been occurring at a relatively moderate rate yet water problems have already appeared.

Both of these towns are situated near the groundwater divide that separates the upper

Cienega Creek subbasin from the Sonoita and Babocomari subbasins. Sonoita and Elgin

lie just within the upper Cienega Creek groundwater basin. These lowland areas receive

little recharge and the groundwater gradients show that water is flowing away from these

regions (Bota, 1996). For Sonoita the situation is compounded by the shallow depth to

bedrock which limits groundwater storage. Consequently the supply of groundwater

local to these towns is not very substantial. This is evident by situations where pumping

wells located close to one another have resulted in the less powerful well going dry. The

shortage of local groundwater supplies for these two towns will cause them to look

elsewhere for water if the communities wish to continue expanding.

The closest and most obvious choice for additional water is the upper Cienega

Creek basin. The aquifer of the upper basin has been reported to contain approximately
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5.1 million acre feet of water (Kennard et al., 1988). When the Gulf American

Corporation owned the land, communities of 40,000 to 50,000 people were expected to

inhabit areas within and adjacent to the upper basin. The Empire Ranch Area Plan,

adopted by Pima County in 1970, included plans to pump between 11,000 and 15,000

acre feet / year of groundwater to support these developments (PCDOTFCD, 1987).

These quantities suggest that the upper Cienega Creek aquifer contains enough water to

sustain population growth within the towns of Sonoita and Elgin for many decades. This

type of urban development, however, would inevitably cause the perennial streamflows

of upper Cienega Creek to vanish which would result in the desiccation of the riparian

area. Studies performed for the Empire Ranch Area Plan stated that at the above-

mentioned pumping rates the perennial strea.mflows of upper Cienega Creek would be

vanquished within 15 years (PCDOTFCD, 1987).

The situation for development in the upper Cienega Creek basin has changed

since the days when the Gulf American Corporation owned the land. Now a majority of

the basin lowlands of the upper basin are owned by the BLM. The BLM is concerned

with managing the land so as to permit' liublic recreation while protecting the riparian

system. By holding the land in ownership the BLM controls the groundwater and surface

water rights for most of the upper basin. This essentially keeps the groundwater of the

upper basin aquifer out of reach of developers who would like to tap into this substantial

supply of water. While the supply is significant the annual recharge to the aquifer is only

enough to balance the water quantities lost through subsurface outflow and
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evapotranspiration through the riparian phreatophytes. It is suspected that any significant

withdrawal of groundwater that caused the supply to be reduced would first be exhibited

by a reduction in the surface water flows of upper Cienega Creek. This would depend to

some degree on the location of the pumping wells but the effects would inevitably be the

same. Groundwater pumping would eventually reduce the amount of water reaching the

perennial stream system. The riparian system, which is currently the focus of many

protective management strategies, is dependent on these perennial surface flows. It

seems highly unlikely that the BLM would compromise the health of the riparian system

by allowing groundwater mining to occur on the lands of the upper basin within its

ownership.

With the BLM in ownership of the lands and water rights of the upper Cienega

Creek basin, the towns of Sonoita and Elgin will have to look elsewhere for water if they

wish to continue their urban expansion. Other possibilities might include groundwater

supplies within the Sonoita or Babocomari basins. Presently a portion of Sonoita Creek

has an instream flow permit and parts of the Babocomari River are proposed to be

included within the BLM's Las Cienegas National Conservation Area. Groundwater

supplies in these two basins are not quite as substantial as the upper Cienega Creek basin

and may be slightly limited by the previously mentioned factors. Current groundwater

pumping local to these two towns appears to have no significant impact on the perennial

flows of upper Cienega Creek. In fact increases in groundwater pumping in these regions

will only have local impacts due to the groundwater flow regime and the proximity of



these towns to the groundwater divide. Also both towns are located near the southern

boundary of the upper basin while the perennial flows of Cienega Creek are present in

the northern half of the upper basin. It appears that expansion of these two towns will

have minimal or no impact on the perennial streamflows of upper Cienega Creek and

will exude no threat to the preservation of the riparian area.

98
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CHAP I ER 6: MANAGEMENT RECOMMENDATIONS

Riparian Management

One of the primary reasons of the BLM for acquiring land in the upper basin is to

protect and preserve the riparian system along upper Cienega Creek. As one of the few

remaining perennial streamflow environments, Cienega Creek offers a rare oasis of

shelter from the surrounding heat and dryness of the desert. Both humans and wildlife

can appreciate and utilize the benefits of the riparian system yet their reasons and

activities are often different and sometimes incompatible. The challenge for the BLM

arises in managing this land so that both humans and wildlife can coexist in the same

area and so that the land can sustain their exploits for future generations.

The most sensitive region to human activity within the upper basin is the riparian

system along Cienega Creek. The threats to the system can be divided into two types:

reduction of the water supply that sustains the vegetation and direct damage to the plant

life itself from activities such as recreation and livestock grazing. As previously

discussed the main threat to the water supply of the upper basin would come from

increased groundwater pumping as a result of urban development within or adjacent to

the upper basin. While this is potentially the most devastating hazard it is currently a

remote possibility. The BLM has been involved in land acquisition within the upper

basin and currently owns most of the water rights including those of upper Cienega

Creek. The BLM is also beginning the process of obtaining an instream flow permit for
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the upper creek which would help maintain perennial streamflow by ensuring that water

is not removed from the stream. Arizona water law has yet to recognize a direct

connection between groundwater and surface water so it is uncertain how an instream

flow permit would benefit upper Cienega Creek if groundwater withdrawals were to

reduce the groundwater input to the stream. Fortunately as the primary land owner in the

upper basin, the BLM has control over groundwater pumping on the lands within the

Empire/Cienega Resource Conservation Area. Control of these groundwater rights may

become vital in protecting the riparian region of the upper basin if the growing towns of

Sonoita and Elgin expand their need for water and attempt to tap into the upper basin

aquifer.

The supply of water to the riparian system is also threatened by the more natural

process of headcutting. This erosive mechanism may have been initiated by land use

practices in the early years of this century but it is a natural process that occurs in many

stream channels. Headcutting can usually be traced to the removal of vegetation cover

through human activity. In the case of the upper Cienega Creek basin the removal of

vegetation by cattle grazing probably caus—e-d an increase in soil erosion which initiated

the headcutting process and created the gullies now found along Cienega Creek and its

tributaries. "A gully develops when surface runoff is concentrated at a nickpoint where

there is an abrupt change of elevation and slope gradient and a lack of protective

vegetation" (Brooks et al., 1991). The fall of water over the nickpoint causes it to be

undermined and the headcut migrates uphill. The gully will continue to deepen, widen
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and lengthen until a new equilibrium is reached.

The best way to control or prevent gullying is to maintain a good cover of

vegetation on the surrounding lands. Another practice currently being used by the BLM

is to build check dams within the stream channel in an attempt to slow the flow of water

and promote sediment deposition on the channel bed. The intent is to return the

streambed to the elevation of the surrounding land. Headcutting erosion is accompanied

by downcutting of the stream channel bed. If the downcut channel contains a gaining

stream this can lead to a lowering of the water table. The groundwater flow gradients

into the stream would become steeper as a result of the lowering of the stream elevation.

This means the flow rate to the stream would be increased causing the surrounding lands

to be drained of their subsurface supply as the water is transported downstream. This

lowering of the water table can cause some plant species to die as their roots can no

longer tap into the groundwater supply. By raising the elevation of the eroded streambed

the level of bank storage becomes higher as do the local water table levels. This allows

for more plants to tap into the subsurface water supply which enhances the health of the

riparian community.

As part of further efforts to return the riparian system to what is believed to be a

naturally functioning system, the BLM intends to remove the irrigation diversion known

as the "Panama Canal". This structure previously diverted water out of Cienega Creek

for agricultural purposes that no longer exist. The canal has caused a segment of what

used to be a perennially flowing stream channel to go dry. Removal of the structure will
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be expensive and time consuming but necessary for recreating the natural system. It may

be advantageous to build a temporary barrier at the point of the diversion to return the

streamflows to the natural channel before attempting to fill the canal. This obstruction

should be capable of deflecting any seasonal floods since the canal may take many

months to fill completely. Allowing flood flows to re-enter the canal during this

rehabilitation process could result in a major setback of time and money if rushing water

was permitted to wash away unconsolidated fill. After the barrier is constructed the

irrigation waterway can be filled and compacted. Hopefully the fill type can be similar

to the surrounding soils but it may be advisable to use a relatively less permeable

composition to prevent subsurface or streambank leakage into the diversion structure.

More specific plans for this rehabilitation project should be made after evaluating the

area and assessing potential problems with returning the streamflow to the natural

channel.

Recreation Management

As part of its multiple land use policy the BLM encourages recreation within the

upper basin. At the present time the area is still primitive with only a few roads

providing access throughout the ECRCA. This is actually a way of controlling vehicular

travel in the basin which helps to protect sensitive regions from damage from vehicle and

foot traffic. The riparian region along Cienega Creek is probably the most sensitive area

to human impact yet it is also the main attraction of the upper basin. The BLM
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compromises between protection and recreational availability by providing road access

to the creek. At the same time plans exist to remove some creek crossings and to alter

others to reduce the impact of vehicle travel through the riparian area. Most of the

recreational threats to the upper basin environment involve a form of vehicular or foot

travel within the basin. Limiting the number of access roads will help keep cars and

trucks out of sensitive areas and may reduce the visitation to these regions as well.

Hiking appears to be open in all regions as there are no specific foot trails. Horseback

riding and mountain biking also seem to have open access throughout the ECRCA. As

recreation of these types increases the BLM may want to monitor the environmental

impacts to see if certain areas should be off limits to horseback riding or mountain

biking. Both of these activities have greater erosive potential than foot travel especially

in the wetter months when the soils remain soft. The BLM may wish to implement

management policies which exclude riding or biking from certain sensitive areas, such as

near the riparian region, or possibly prohibit these activities during the wetter seasons.

Many of the other recreational activities such as hiking, camping, photography,

bird watching and picnicking pose smaller dangers to the environment. The ECRCA

may benefit from allowing these types of recreation to occur throughout the area as this

will prevent any concentration of activity in one location. The riparian region, however,

is likely to attract most of the visitors because of its appeal to the wildlife and its asthetic

qualities. The BLM may want to monitor activity in this region to ensure that the

preservation of the riparian community is not jeopardized by overuse.
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Grazing Management

For the last century the primary land use within the upper basin has been cattle

grazing. Currently the rangeland management strategies employed cooperatively by the

BLM and the Donaldson family have produced improvements in the land quality from

the damage done by previous cattle ranchers. The flexible rotation approach of moving

one herd between different pastures has allowed cattle grazing to continue while still

providing the vegetation with the necessary time to recover from the grazing. The lands

of the upper basin appear to be doing well under this type of management but the riparian

region along Cienega Creek still shows adverse effects from livestock grazing.

The riparian area is very appealing to the cattle which enjoy its shade, cool water,

and lush vegetation. Given the choice the cattle would concentrate their grazing in or

near the riparian zone. Damage occurs from grazing of the vegetation and from

trampling of the streamba.nks which increases erosion and pollutes the water. Ideally the

BLM would like to keep cattle out of the riparian area. Cooperative management with

the ranchers has lead to a plan to develop alternate pastures to be used for grazing instead

of the riparian pastures. This will keep cattle out of the riparian area entirely except for a

few creek access points which will be used to supplement their water supply if other

methods prove to be infeasible. Removing cattle from the riparian area will be a major

step in protecting the region and allowing it to return to a naturally functioning system.

The only significant impacts to the riparian region would then be from human activity

which can be monitored, or controlled if necessary, by the BLM. By acquiring the land
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of the upper basin and incorporating it into the multiple use ECRCA, the BLM has

created a recreational area that can benefit the neighboring communities while still

serving as a protected wilderness area. The BLM, however, only maintains control over

this land as long as it owns it. The protective management strategies are policies of the

BLM but are not official laws. There is no guarantee that these lands will remain

protected for future generations unless some sort of federal management policy is

ascribed to the lands of the ECRCA.

Future Management Recommendations

Public concern for the environment became very vocal in the 1960's and this was

reflected by numerous environmental protection laws created by Congress in the

following years. Riparian preservation is one of the main environmental concerns of the

desert southwest region where the diversion and pumping of water for urban

development has caused drastic changes in the natural environment. In Arizona 95% of

the state's riparian systems have disappeared within the last 100 years as a result of

extensive groundwater pumping to support the rapid urban growth of the desert cities.

Action to prevent further destruction of these ecological systems is more prominent today

but the pressures for new water supply sources still exist as urban development continues

at very rapid rates. Development near the upper Cienega Creek basin has not become a

danger to the Cienega Creek riparian system yet but future predictions indicate the

population of the region will more than triple within the next 50 years. According to the
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Arizona Water Resources Assessment the population of the Cienega Creek basin was

approximately 3,000 people and water consumption amounted to 1,000 acre feet! year.

The report predicts that by the year 2040 the population of the basin will have increased

to 11,100 people and the annual water consumption will be 2,000 acre feet. (ADWR,

1994). Even though the BLM maintains jurisdiction over the land and the water rights of

the basin, future protection is not guaranteed. There are several federal policies that

Cienega Creek is eligible for that would provide this protection to preserve the riparian

system of the upper basin for future generations.

Wild and Scenic Rivers Recommendation

The Wild and Scenic Rivers Act of 1968 provides protection to free flowing

streams by prohibiting human activity that alters the natural functioning state of the

stream system. Upper Cienega Creek has been r' 'ecommended for this status. If

obtained the Act would provide protection for the perennial stream reaches of upper

Cienega Creek as well as for the adjacent riparian community. Many of the management

strategies required in the Wild and Scenic Rivers Act are similar or compatible with

tactics already employed by the BLM. This brought into question whether protection

under the Act is necessary or would it have adverse impacts that would outweigh the

benefits. The main concern is that designation of upper Cienega Creek as a Wild and

Scenic River would lead to an increase in visitation and recreation around the riparian

area. This is a possibility but it is also a factor that can be controlled with management.



107

Visitation can be regulated and access to the riparian region can be monitored and

controlled if damage to the area is occurring. The issue that cannot be controlled by the

BLM is changes in federal policy that could open up the ECRCA to other more

destructive uses or that would allow the groundwater system to be mined as an urban

water supply. Protection for the riparian region is not secured with land ownership. If

upper Cienega Creek is designated as a Wild and Scenic River the region will have

federal protection lasting far into the future. One of the benefits of this designation is to

establish an instream flow right for the creek. This would ensure that perennial flows

continue in the protected area which would give the riparian vegetation a constant water

source. As well perennial streamflows would protect the habitat of the endangered and

threatened native fish species living in the stream. The management policies of the Wild

and Scenic Rivers Act may be similar to strategies already utilized by the BLM but the

Act provides long term federal protection of a resource that may be threatened by

demands for water in the future.

Unique Waters Recommendation

The Unique Waters designation identifies exceptional water resources and

provides protection against human damage to the quality of these resources. Specifically,

the designation is designed to protect stream systems that support threatened or

endangered species and that contain high quality water considered to be an outstanding

public resource. As with lower Cienega Creek, which has already obtained Unique
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Waters status, upper Cienega Creek is characterized by both of these criteria. The creek

is one of five remaining critcial habitats for the endangered Gila Topminnow and also

provides habitat for several other threatened species including the Gila Chub and the

Longfin Dace. Furthermore Cienega Creek has been recognized as containing water of

very high quality that eventually flows into the Tucson basin aquifer and is utilized by the

Tucson metropolitan area.

Protection under the Unique Waters designation would prevent the degradation of

the high quality water by prohibiting any human activity that may threaten this resource.

The benefits of this extend to the people of Tucson who rely on this source of water

which amounts to 10% of the total annual recharge to the Tucson basin.

While Unique Waters designation would provide state protection for the water

quality of upper Cienega Creek the management activities of the BLM already provide a

level of security against potential pollution hazards. Some possible hazards include

mineral exploration or diversion of water but the BLM has closed the lands within its

ownership to this type of land and water use. Current management policies of the BLM

do not permit any activities that would jeb -Pardize- the quality of the perennial waters of

upper Cienega Creek. The more critical concerns for Cienega Creek and its riparian area

are the supply of water to the system. Unique Waters designation does not automatically

include qualification for an instream flow permit. The focus of the designation is to

guard against deterioration of the water quality of the stream. Land and water

management policies for the ECRCA do not allow for practices that might harm the
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quality of the stream water of Cienega Creek. In order to preserve the riparian system

protective strategies should be focused on maintaining the perennial flows of Cienega

Creek. While the Unique Waters designation would afford protection to the high water

quality of the stream system, the quality of the water is not at much risk of being

degraded. Current BLM management policies exclude activities that could harm the

water quality. It is the opinion of the author that other federal protective management

policies would be more beneficial to protecting the riparian system of upper Cienega

Creek.

Areas of Critical Environmental Concern Recommendation

The Cienega Creek riparian region could also benefit from being designated as an

Area of Critical Environmental Concern (ACEC). This federal designation is assigned

by the BLM to lands deemed to require special management to preserve significant

resources. Upper Cienega Creek basin contains the natural resources of the riparian

region as well as the historic Empire and Cienega ranches. ACEC designation would

initiate several management strategies essential to the goals of preserving the riparian

system and returning it to a naturally functioning system. The BLM intends to give

special attention to promoting the recovery of the endangered native fish species of

Cienega Creek by removing competitive exotic species. To ensure a quality habitat for

the species, streamflows in the creek would be quantified for application for an instream

flow permit which would guarantee perennial flows throughout the riparian region. This
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would also help to sustain the riparian woodlands along the creek and would provide

water and habitat for the wildlife of the region. Also, cattle grazing would be eliminated

from the riparian area with the construction of alternate pastures. This would help

prevent excessive erosion of the streambanks and damage to the vegetation.

Furthermore, ACEC designation prohibits an area from being open to milling activity or

oil and gas development, examples of industrial activities that could be more

environmentally damaging than urban development. Additionally, vehicle traffic would

be limited in a similar fashion to current BLM plans which would help prevent abuse to

sensitive areas. The ACEC designation seems to encompass many of the essential

riparian protection policies and would provide a major step forward in preserving the

region for the future if included in the final draft of the Phoenix RMP amendment.
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CHAPTER 7: CONCLUSIONS

The group research study of the upper Cienega Creek basin was designed to

analyze the overall hydrology of the watershed and to assess the future impacts of urban

development in the region and how this might affect the riparian system. The basin is

relatively unmonitored in a research sense, however, making the current study somewhat

limited by the lack historical and current data. Contributions from this section of the

group project are intended to supplement the present knowledge of the upper basin

hydrology. While the results of the water budget give quantitative values for the various

hydrologic components, it should be noted that these results rely on data that sometimes

is not directly from the watershed and is often subject to large degrees of error.

The estimate of precipitation was performed using data from gauges in

neighboring basins and the range of values varies widely around the linear regression frt.

Annual precipitation rates on the upper basin could easily deviate several inches above or

below the stated annual average. Since evapotranspiration rates are said to be equal to

the precipitation rates in the lower elevation grasslands the ET rate for the basin is also

subject to the same degree of error. Due to the gaps in the streamflow record surface

water outflows may vary as much as 500 acre feet / year from the reported amount.

Estimates of groundwater outflow and evapotranspiration from the riparian area are

subject to fitadel error and are dependent on the assumptions made by Bota (1996).
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The largest potential source of error seems to lie with the precipitation and

evapotranspiration estimates, mainly because of their volummetric significance in the

water budget equation. It is important to realize that while precipitation accounts for all

of the input and evapotranspiration for over 95% of the output, the two parameters cancel

each other out over almost 97% of the basin area. Basin recharge can still safely be

assumed to be negligible while mountain front recharge would be subject to no greater

variability than what is shown in table 3-6 where recharge estimates from different

studies are compared.

Improvements to the water budget analysis would require the instruments and

man-power to monitor the upper basin regularly. Ideally a network of rain gauges would

be installed to cover the watershed area so that errors in the precipitation estimate could

be diminished. A stream gauging station at the Narrows is in near future plans and

would help to accurately quantify surface water outflows leaving the upper basin. A

hydrogeologic study within the vicinity of the trough could establish the path of

groundwater outflow from the upper basin and may explain the discrepancy between

subsurface outflows and inflows between. -the upper and lower watersheds. By dealing

with information specific to upper Cienega Creek basin the errors of extrapolating data

from neighboring regions and applying it to this watershed can be avoided and would

help improve the accuracy of quantitative assessments of the various hydrologic

components. As demands for water increase from growing urban areas this knowledge

may become more critical.
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The information collected during this study of the hydrology and water resource

situation of the upper Cienega Creek basin and the surrounding regions indicates that

current threats of urban expansion and groundwater pumping will not impact the

perennial streamflows that support the riparian system. Immediate or near future dangers

could originate from the neighboring towns of Sonoita and Elgin but the present hazard is

small. Groundwater pumping within the vicinity of the two towns removes almost

insignificant water quantities due to the small population of the region. Even as these

towns grow and pumping rates increase there will be little effect on the groundwater flow

regime of upper Cienega Creek basin due to the proximity of the towns to the basin

groundwater divide. Both Sonoita and Elgin overlie an area that provides little overall

recharge to the upper basin. Groundwater extractions from this region at the southern

edge of the upper basin will have virtually no effect on the perennial streamflows of the

riparian system that exist in the northern half of the watershed.

The upper basin continues to be an attractive water supply source as the aquifer

contains a substantial volume of water that remains untouched by groundwater mining.

The BLM, however, owns most of the land and maintains ownership of the water rights

for the watershed. One of the primary management goals of the BLM is to preserve the

riparian system and it is unlikely that they would permit water withdrawals that may

compromise the perennial streamflows. While the upper basin aquifer contains a

substantial quantity of water it must be remembered that yearly recharge rates to the

aquifer are relatively low and that the water supply has accumulated over many
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thousands of years. Annual recharge rates could easily be exceeded by groundwater

pumping levels intended to support growing communities. The effects of this kind of

water extraction would first be evident in the disappearance of the perennial streamflows

and the desiccation of the riparian area.

Even though the Cienega Creek riparian area exists in an and region where

expanding cities are constantly trying to augment their water supply, the future of the

upper basin looks promising. The lands owned by the BLM are in good condition due to

the numerous management strategies designed to preserve the region in its natural state.

The riparian system receives special attention where efforts to control and repair

entrenchment erosion and to remove an irrigation diversion will help enhance the

perennial streamflows that support the riparian ecosystem. The cooperative grazing

management scheme developed by the BLM and the cattle ranchers has successfully

continued grazing on the upper basin lands without compromising the quality of the

grasslands or the riparian region. While the BLM has implemented a strategy that will

preserve the riparian area for many generations the future existence of the plan itself is

not guaranteed. No one can foresee what future demands will arise and how they may

affect the usage of the resources of the upper basin. Speculation may reveal potential

threats to the waters of the region considering the arid climate of the area and the current

trend of urban expansion. The fundamental concern of all the city and county officials in

southern Arizona is water supply. It is the limiting factor in determining what level of

development the land can sustain. Groundwater mining and surface water diversions
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have already been responsible for the desiccation of 95% of Arizona's former riparian

areas. Future political pressures for water may change the priorities of riparian

preservation if the situation becomes desperate.

In order to ensure future protection for upper Cienega Creek, federal legislative

policies are recommended. The Wild and Scenic River Act provides long term federal

protection for perennial stream reaches and for the adjacent riparian region. The Act is

designed to perpetuate the existence of the natural riparian system while still permitting

recreational activities within the area so the resource can be enjoyed. Other protective

management actions are included within the Areas of Critical Environmental Concern

designation. This policy focuses on returning the riparian system to its natural

functioning condition and to protect the perennial streamflows with the acquisition of an

instream flow permit. These federal protection policies contain management strategies

essential to the goals of preserving the riparian system. Some of the techniques are

similar to the management plans currently employed on the upper basin. The difference

lies in the establishment of long term protection which will ensure preservation of the

riparian system of upper Cienega Creek for the enjoyment of future generations.
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