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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND INFORMATION 

The desert climate of Southern Arizona coupled with the overdraft of its 

groundwater resources, led to the passing of the 1980, Groundwater Management Act. 

The Act mandates the creation of management plans in designated areas of heavy 

overdraft. Of the four initial Active Management Areas (AMAs, three had management 

plans that were designed to secure sustainable yield of the aquifer by 2025. In 1994, the 

Arizona legislature created a fifth AMA by designating the southern part of the Tucson 

AMA as the Santa Cruz AMA (SCAMA). The purpose for this subdivision was to 

facilitate the bi- national negotiations for coordinated water resource management in this 

internationally shared basin. Additionally, the SCAMA is to coordinate the management 

of surface water and groundwater rights for public health, safety and welfare. A.R.S. § 

45- 411.04. The legislature also assigned the SCAMA the management goals of 

maintaining safe -yield conditions and preventing long -term declines in local water table 

levels. A.R.S. § 45- 562(C) (ADWR, 1999). 

This study is a result of a grant award from the 1999 Augmentation and 

Conservation Assistance Program in an attempt to investigate the availability of 

additional water supplies and water storage areas within the SCAMA. 
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1.2 OBJECTIVES AND METHODS OF STUDY 

The purpose of this study is to examine different factors, which influence decision 

making by the ADWR in dealing with water management. Through research and by 

weighting these factors, it is hoped that valuable recommendations can be made to 

ADWR to aid in the water conservation and augmentation goals of the SCAMA. 

The potential for obtaining additional water supplies was investigated in a number 

of ways. The first, involved calculating the potential amount of flash flood flow that 

could be captured from selected tributaries using the methods described in the USGS 

water - supply paper 2433, Methods for Estimating Magnitude and Frequency of Floods in 

the Southwestern United States by Blakemore Thomas et. al. (1997). Secondly, the 

potential sources for purchasing or importing water were examined. Additionally, 

overflow and excess releases from the two surface water reservoirs in the SCAMA were 

seen as potential sources of water available for recharge and were studied accordingly. 

The availability of reservoir space to store additional supplies of water was 

investigated by looking at the possible expansion of the existing surface reservoirs and in 

geologic formations outside of the floodplain that could act as groundwater reservoirs. 

Two of these sites were identified and a plan of action was developed for further studies 

that should be performed if the Department of Water Resources chose to pursue that 

option. 

Additionally, the legal and environmental considerations associated with any of 

the recommended projects were researched and noted. Amortized values for the projects 

were calculated and are presented in terms of total annual cost, cost per acre -foot of 
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water, and cost per 1,000 gallons of water. Finally, multiplier values were assigned to 

each of the factors involved in the process (i.e.: the amount of water and costs of water 

associated with projects, permits and other regulations required by the process) and 

projects were ranked from the most attractive to the least attractive. 

1.3 LOCATION OF STUDY AREA 

The Santa Cruz AMA encompasses 716 square miles in the Upper Santa Cruz 

Valley River Basin, which is an intermontane valley in Southeastern Arizona and 

Northern Sonora. It encompasses 45 miles along the Santa Cruz River from the 

International border to Elephant Head Road (south of the gaging station at Continental), a 

few miles North of the Santa Cruz - Pima County line. 

1.4 PREVIOUS STUDIES 

Wilson et. al. (1960) created a geologic map of Pima and Santa Cruz Counties. 

Oppenheimer and Sumner (1980) created a map of the depth to bedrock in Southern 

Arizona. 7.5- minute topographic maps of the area are available from the U.S. Geological 

Society. 

General descriptions of the area geology are provided by Nassereddin (1967), 

Menges (1981), Anderson (1987), Halpenny and Halpenny (1988) and Parker (1996). 

Geology studies specific to the study area were performed by Putman et. al. (1983), 

Gettings and Houser (1997) and Clear Creek Associates (1999). 
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Halpenny (1963), Parker (1978) and Oppenheimer (1980), provide studies using 

geophysical methods. Williams (1987) used geostatistical methods to model the Upper 

Santa Cruz River Basin. 

The hydrogeology of the area is described by Davidson (1973), Bradbeer (1978), 

Putman (1983), Travers and Mock (1984), Coggeshall (1990) and Halpenny (1993). 

Studies specifically related to the groundwater supplies in the area are available from 

Turner et. al. (1943), Turner et. al. (1947), Schwalen and Shaw (1957), Halpenny (1984), 

Halpenny (1988) and Hanson and Benedict (1994). 

Condes de la Torre (1970) provided studies of the stream flow in the Upper Santa 

Cruz River Basin. 

Thomas et. al. (1997) wrote a paper on the methods for estimating the magnitude 

and frequency of flash floods in the Southwestern United States. 

Johnson (1980) wrote about a proposed water supply augmentation plan for 

Tucson. Rothbotham (1979) provided details for alternatives in resource management for 

Sonoita Creek. The ADWR (1999) provided the third management plan for the Santa 

Cruz Active Management Area. 

The Bureau of Reclamation provided economic studies for building a CAP 

pipeline to Nogales (1992) and discussing the alternative uses for CAP water in 

Northwest Tucson (2000). 



5 

CHAPTER 2 

GEOLOGY 

The geology of the Upper Santa Cruz River Valley is complex. This chapter 

outlines the general geology of the area and the major rock types. An attempt is made to 

draw correlations between the previous studies to try and draw a complete picture of the 

formations in the Santa Cruz Active Management Area (SCAMA). Descriptions of the 

major formations are included. 

2.1 GENERAL GEOLOGY 

The Upper Santa Cruz River Valley is part of the Mexican highland sub - 

province of the Basin and Range province that began forming 17 Ma. It is the result of 

Miocene block faulting during the Basin and Range orogeny. The Santa Cruz River 

Valley, one of the more narrow valleys in the area reaching approximately 5 to 7 miles 

wide, experienced tectonic action before this orogeny. There was only moderate lateral 

extension in the late Cenozoic, making the valley relatively shallow as well. The lack of 

lacustrian and playa sediments in the valley sequences indicates that this basin was never 

closed (Gettings, 1997). 

The Eastern boundary for the valley is a complicated array of Northwest trending 

scarps in the Santa Rita and Patagonia Mountains. On the West Side is the Santa Cruz 

Fault System of North - South trending faults displaying at least 2000 feet of vertical 

displacement. The Tumacacori, Atascosa, and Panjanito Mountains bound the Valley on 
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the West. There is extensive faulting in the alluvial deposits on both sides of the Santa 

Cruz River, near the Santa Cruz - Pima County line showing downward motion on the 

West and /or North face. This faulting is difficult, and sometimes impossible, to detect in 

the loosely consolidated material of the younger sediments (Halpenny, 1988). 

The Valley itself is broken into four Northeast - North - Northwest trending sub - 

basins, which are separated by saddles. These are named for the population centers 

located within each basin. They are the Amado, Tubac, Rio Rico, and Nogales sub - 

basins. Upstream from the Nogales International Wastewater Treatment Plant 

(NIWWTP), the Valley is divided into four additional micro- basins identified by 

Halpenny (1964). They are narrow bands of Younger Alluvium bounded by more 

consolidated sediments. These are the Buena Vista, Kino Springs, Highway 82, and 

Guevavi microbasins. 

Basin fill materials make up the formations in the Upper Santa Cruz River 

Valley. Quaternary sediments in the valley are the Older and Younger alluvial deposits. 

What Menges (1981) simply calls "basin -fill" is generally poorly consolidated strata from 

the late Miocene to Pliocene. The Nogales sediments are considered part of this 

category. Menges' "pre -Basin and Range" fill contains older sediments and volcanic 

sequences from the Oligocene and mid -Miocene. The bedrock is composed of a complex 

of undifferentiated sequence of older sediments and igneous crystalline rocks of pre - 

Cambrian to Tertiary age (Coggeshall, 1990). Figure 2.1 details several interpretations of 

the geology for comparison. 
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2.2 NOGALES FORMATION 

The lower -most basin fill formation in the SCAMA is the Nogales Formation, 

which is a pale red to grayish pink conglomerate that is moderately well consolidated. It 

has poor water bearing characteristics with water contained mostly in the fractures and 

local layers of unconsolidated materials. It has an average yield of less than 30 gpm 

(ADWR, 1999). The location and different depositional settings resulted in differing 

thickness throughout the basin. Parker (1978) reports calculated transmissivity values for 

the Nogales Formation as ranging from 1,337 to 34,757 square feet per day and a specific 

yield of 6 -30 %. More recently, Clear Creek Associates studied the Potrero Creek area 

and found the Nogales Formation and the Older Alluvium to have similar hydraulic 

properties in this area. They calculated a median transmissivity of 4,746 square feet per 

day with a range of 3,476 to 5,147 square feet per day (Clear Creek, 1999). Additionally, 

they calculated a specific yield of 10% and a hydraulic conductivity of 0.25 -9.8 feet per 

day. 

According to Gettings (1997) the Nogales Formation consists of the Peña Blanca 

Formation, the middle member of the Tinaja Peak Formation, and the Nogales 

Formation. This sequence makes up the unit he calls the "lower basin fill" which he 

describes as being younger than 17 Million Years old. Anderson (1987) draws a 

correlation between the Upper Tinaja Beds and Menges' "basin fill ", and the Middle 

Tinaja Beds and Menges' "pre -Basin and Range" sediments. Additionally, Anderson 

correlates the Lower Tinaja Beds with the Nogales Formation Simons (1974) found in 

outcrops near the City of Nogales. 
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2.3 OLDER ALLUVIUM 

The overlying Older Alluvium, from the Pleistocene contains clasts of lithologies 

no longer present in the immediately adjacent ranges (Gettings, 1997). Additionally, it is 

not one uniform formation. This is due in part, to the differing source rocks for the older 

sediments on either side of the valley. If seen as one formation, the Older Alluvium 

proves to be varied in its composition, as well as in its hydrogeologic characteristics. 

Scott (1997) describes the formation as locally stratified lenses of boulders, 

gravel, sand, silt, clays and cemented zones of caliche. The formation is a distinctive red 

color from iron oxide cement, is unconfined, and transmits water to the Younger 

Alluvium. It is generally agreed that the older sediments range in thickness from a thin 

veneer along the mountain fronts, to 5,000 feet in the center of the valley. Coggeshall 

(1990) notes however, that the water bearing capacity is limited below 1,000 feet. The 

transmissivity of the Older Alluvium ranges from 2,100 - 24,650 gpd /ft, with a specific 

yield of 10 - 15 % (Coggeshall, 1990). Although, Parker (1979) cites specific yield as 

low as 6 %. 

It is thought that the Older Alluvium was deposited and then deeply eroded during 

a wet cycle thousands of years ago, which removed 100 - 1.50 feet of sediment. When 

deposition resumed, the Younger Alluvium was laid down in the new stream channel 

(Coggeshall, 1990). 
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2.4 YOUNGER ALLUVIUM 

The most recent alluvial deposits adjacent to the Santa Cruz River itself, are 

commonly referred to as the Younger Alluvium. The average thickness of the Younger 

Alluvium is 100 feet with an average transmissivity from 317,000 gallons per day per 

foot (gpd /ft) to 413,000 gpd /ft. These Quaternary deposits are less consolidated than 

older sediments in the area, and are therefore, more permeable, with an estimate specific 

yield of 14 - 20% (Coggeshall, 1990). 

The Younger Alluvium was deposited by the Santa Cruz River in channels 

scoured out of the Older Alluvium. As an aquifer, it is unconfined and provides the 

primary groundwater supply. When saturated, it acts as the floodplain aquifer and can be 

hydraulically connected to the Santa Cruz River where it is perennial (Scott, 1997). Scott 

provides figures of hydraulic conductivity in the floodplain aquifer of 187 - 650 ft/d and 

a geometric mean of 355 ft /d. 
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CHAPTER 3 

HYDROLOGY 

3.1 CLIMATE 

The Upper Santa Cruz River Basin is located in a semiarid climate zone and 

experiences bimodal precipitation events. The summer storms, which result from 

convective thunderstorms during the monsoon season, provide 9 inches of the estimated 

yearly basin wide average of 15 inches per year in the valleys. The highest mountain 

areas receive more rain at an estimated 30 inches yearly. The winter rains from frontal 

storms are more persistent, more areally extensive than the summer thunderstorms, and 

contribute the remainder of the water supply from October to February. Typically the 

water table in the floodplain aquifer rises in August and February corresponding to the 

rains, and drops from April until August (Nassereddin, 1967). 

There are several ways in which the regional aquifer is replenished. Most direct 

infiltration from rainfall happens along the mountain fronts. Anderson (1972) calculated 

an average of 200 acre -feet per year (afy) per mile recharged along the Sierrita 

Mountains, while 285 afy per mile was recharged along the Santa Rita Mountain front. 

Osterkamp (1973) suggests that an average of 200 afy per mile is recharged along the 

whole East Side of the Valley. Another source of replenishment for the aquifer comes 

from seepage from tributary stream channels. Robotham (1979) found the infiltration 
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rates to be 30 inches per hour in the stream channels, whereas it is only 4 inches per hour 

in the floodplain itself. 

Hanson (1994) also conducted rainfall penetration experiments in which he found 

that little recharge occurs from direct infiltration throughout the valley. Replenishment 

also occurs from seepage under irrigated lands as well as sewage effluent discharged into 

the Santa Cruz Riverbed from the Nogales International Wastewater Treatment Plant 

(NIWWTP). 

3.2 SURFACE WATER 

The major tributary streams of the Santa Cruz River include Sonoita Creek, 

Nogales Wash, Josephine Canyon, and Sopori Wash. Flow in the Upper Santa Cruz 

River Basin is ephemeral or intermittent, although the actual river has an effluent 

dominated reach that is perennial downstream from the Nogales International Wastewater 

Treatment Plant (NIWWTP). Sonoita Creek is intermittent along its 19 -mile reach, but is 

perennial only 500' South of the town of Patagonia, where volcanic hard rocks force the 

groundwater to discharge to the surface (Nassererddin, 1967). 

There are two surface reservoirs in the Santa Cruz AMA, Peña Blanca Lake and 

Lake Patagonia. The National Fish and Wildlife Service built a dam, creating Peña 

Blanca Lake for the protection of habitat and wildlife. The State of Arizona Parks and 

Recreation Commission constructed Lake Patagonia as a recreational facility and to 

control the releases of water to downstream users in 1968. 
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3.3 GROUNDWATER 

The Younger Alluvium, the Older Alluvium and the Nogales Formation are all 

aquifers, however the Younger Alluvium is the most productive. In fact the production 

of water in the Older Alluvium and the Nogales Formation may be related to fractures in 

the bedding planes or in areas of unconsolidated /semi consolidated sediments within the 

formations. The Older Alluvium and the Nogales Formation have a low permeability 

because of increased clay content in the matrix material. All three aquifers are 

hydraulically connected with water moving from the Older Alluvium and Nogales 

Formation to the Younger Alluvium. The movement of groundwater is driven by the 

difference in hydraulic head among the three aquifers (Putman, 1983). Water recharging 

the Older Alluvium and Nogales Formation in the upland areas moves downward and 

valley -ward to discharge primarily into the younger alluvium. In most areas, the 

hydraulic heads in the Older Alluvium and Nogales Formation are higher than the 

hydraulic head in the Younger Alluvium of the Santa Cruz valley. Water does enter the 

Older Alluvium and Nogales Formation by percolating downward through the thin 

Younger Alluvium lined channels of tributary washes. 

Although the groundwater reserves of the Older Alluvium are limited, they are 

easily recharged, even though the transmissivity is lower than that of the Younger 

Alluvium (Halpenny, 1988). Although the Younger Alluvium is higher yielding than the 

Older Alluvium, its area is many times smaller than that of the Older Alluvium. Parker 

(1978) computed the total volume of groundwater available in storage to be 24.3 million 

acre -feet, although he states that not all of it is recoverable. 
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Manera estimates that the hydraulic conductivity for both the Older Alluvium and 

Nogales Formation together is only 0.5 feet per day, compared with the hydraulic 

conductivity for the Younger Alluvium of 650 feet per day as estimated by Halpenny 

(Putman, 1983). Clear Creek Associates (1999) found that in Potrero Canyon, the 

Nogales Formation and the Older Alluvium have similar hydraulic properties. Putman 

concludes that the amount of groundwater discharged to the Younger Alluvium from the 

Older Alluvium and Nogales Formation is 400 afy. This estimate is based on the 

hydraulic conductivity of the Older Alluvium and Nogales Formation of 281 square feet 

per day. This number came from assured water supply studies performed by Manera for 

the Department of Water Resources in 1980. Additionally, Putman used water table 

gradient interpretations from the Department's file data and field investigations (Putman 

1983). This estimate may only be valid in Putman's study area, of 81 square miles from 

the border to Guevavi Narrows. 
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CHAPTER 4 

AUGMENTIATION OF SUPPLY 

This chapter discusses the various sources of water that may be used for 

augmentation of supply in the Santa Cruz Active Management Area (SCAMA) and how 

and where they can be used. 

4.1 SURFACE WATER 

In addition to tributary flash flows, which are described in the next chapter, one 

potential source of water for augmentation is Peña Blanca Lake. It may be possible to 

place an intake at the Peña Blanca lake dam to capture the overflow and use gravity flow 

to transport the water to areas in the SCAMA for opportunistic recharge. To estimate the 

amount of overflow available, an informal water balance for the lake was created. 

According to the Arizona Game and Fish Department, there are no records or 

estimates for the amount of water that overflows from the lake. Tetra Tech, the EPA, and 

the Arizona DEQ calculated the area of the Peña Blanca watershed for a report detailing 

the mercury levels in Peña Blanca Lake in September 1999 and found it to be 8,820.6 

acres (ADEQ et. al., 1999). Using the Generalized Watershed Loading Function (GWLF) 

model, Tetra Tech calculated the inflow into Peña Blanca Lake to be 2,716 afy (ADEQ 

et. al., 1999). Additionally, the precipitation falling on the lake itself contributes 100% to 

the lake volume. Direct precipitation was estimated by multiplying the precipitation by 

the surface area of the lake for a total of 76 afy. The value for the annual precipitation 
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was calculated from the Department of Agriculture Natural Resource Conservation 

Service isohyetal map of average annual precipitation from 1961 -1990. The evaporation 

from the lake was estimated by using raw pan evaporation from Tucson, multiplied by a 

pan coefficient of 0.7. This was multiplied by the surface area of the lake giving 368 

acre -feet of evaporation per year. This estimate is likely to be conservatively high, 

because the pan at Tucson is at a lower elevation and has higher temperature. A more 

accurate figure could be determined if one were to use pan evaporation data for the area 

at an elevation closer to that of Peña Blanca lake. 

This value was subtracted from the runoff into the lake plus the precipitation 

falling on the lake itself, to obtain an estimate of the overflow. Only the overflow would 

be available for capture with an intake at the dam. This method resulted in an estimate of 

overflow of 2,424 afy. Complete information about the inputs used in the ADEQ report 

but that were left out of the final writing, need to be investigated in order to fully 

understand the overflow dynamics. Additionally, being able to gage the outflow from 

Peña Blanca lake would allow more accurate data of the available capturable flow and 

provide further information needed to design the infrastructure for capturing that flow. 

However, it may be possible to obtain anecdotal information from the U. S. Forest 

Service or the Arizona Fish and Game Department about the overflow frequency and 

volume. If that information indicates that the overflows are small and infrequent, gaging 

the overflow becomes unnecessary. 

Similarly, there is a possibility of capturing the unused portions of the releases 

from Lake Patagonia. There is a small and non -consistent amount of water released over 
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the spillway that is not enough to warrant raising the dam. However, any of this release 

that is not already appropriated by downstream users or for riparian habitat can be used as 

opportunistic recharge in the lower reaches of Sonoita Creek. Records of releases from 

Bob Sejkora, State of Arizona, show that more than the 1,200 afy originally mandated in 

the planning records are released every year. From 1994 to 1999 there have been excess 

releases in the range of 495 - 1715 afy. 

Additionally, the treated wastewater from the Nogales International Wastewater 

Treatment Plant (NIWWTP) that is currently discharged into the Santa Cruz River is a 

potential source of water available for augmentation. The NIWWTP treats water from 

both Nogales, Sonora and Nogales, Arizona. About 18 acre -feet of the effluent per day, 

or about 6500 afy, are produced by Nogales, Arizona, with the rest coming from Mexico. 

4.2 GROUNDWATER 

Another possibility is to capture the groundwater inflow into Avra Valley from 

Altar Valley. R.T. Hanson estimates the amount of inflow into Avra Valley at Three 

Points to be 9,000- 16,600 afy (Hanson, 1996). Not all of this water would be available 

for capture. Assuming that the water entering Avra Valley at Three Points is uniformly 

contributed along the length of Altar valley, it is estimated that 164 -302 acre -feet of 

water per mile would be available annually. This amount was found by dividing the 

estimated inflow at Three Points by the length of Altar valley. At an extraction location 

closer to Three Points the amount of water available would be more, but the pipeline 

construction and pumping costs would increase because of the greater distance from the 
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Nogales area and the increase in pumping lift to move the water to Nogales. However, 

the point at which the water was extracted has to be chosen with thought as to how it will 

effect the Tucson AMA and the well fields in Avra Valley. 

4.3 IMPORTED WATER 

It may be possible to purchase Colorado River water from entities that hold 

existing rights to this water through the Central Arizona Project (CAP) and import it. 

However, the City of Nogales elected to sell its portion of CAP water to Scottsdale 

because the cost of extending the CAP canal was thought to be too great. 
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CHAPTER 5 

CALCULATION OF TRIBUTARY FLASH FLOWS 

In the preliminary stage of the project, proposed sites were chosen based on 

location (proximity to potential user, proximity to potential water source), hydrogeologic 

characteristics (depth of alluvium capable of retaining water, hydrologic parameters), and 

need for water. Based on those criteria, the following sites were proposed for further 

study: Sopori Wash, Tubac Creek and Aliso Canyon, Alamo Canyon, Potrero Canyon, 

and Sonoita Creek. 

The watershed areas for these sites were calculated by planimetering around a 

given tributary's watershed using the appropriate USGS 7.5 minute series topographic 

maps. To show the areas calculated, the watersheds were also traced using DeLORME 

Topo USA digital maps (figures 5.1 -5.4). The whole of the Sonoita Creek watershed was 

not calculated, since any surface water in the watershed above Patagonia Lake is captured 

in the lake and therefore not available for capture lower downstream. An arbitrary 

boundary was placed on the Potrero Canyon watershed where Nogales Wash enters 

Potrero Creek. 

The methods used for calculating the flood flow frequency of the selected 

tributaries were taken from USGS water- supply paper 2433, Methods for Estimating 

Magnitude and Frequency of Floods in the Southwester n United States by Blakemore 

Thomas et. al. (1997). This paper is used for estimating the magnitude and frequency of 
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floods in arid Southwest basins with areas less than 200 square miles and receives less 

than 20 inches of precipitation annually. Thomas et. al. used a large database of stream 

flow - gaging station records with help from the Department of Transportation in 

Arizona, and agencies with similar responsibilities in California, Colorado, Idaho, New 

Mexico, Oregon, Texas and Utah. The selected tributaries qualified for the ungaged 

stream regional model described in the Thomas report. This model uses regression 

equations with basin and climatic characteristics as explanatory variables. 

The tributaries studied for this report were ungaged streams in flood region 13 

(figure 5.5). Thomas et. al. used 73 of the 90 available stations when figuring out the 

regional relations. The majority (73 %) of the peak discharges that were recorded, 

occurred in the summer (July -September). The only explanatory variable needed to 

calculate the regional relations is the drainage area in square miles. This was calculated 

according to instruction, by planimetering the contributing drainage area on the largest 

topographic map available. Since some of these watersheds extended over several 

topographic maps, the required maps were pieced together for use. Table 5.1 shows the 

generalized least squares regression equations for estimating regional flood- frequency 

relations for the Southern Arizona Region 13 as given in the Thomas report. 

After the equations were located, the values calculated for the drainage areas were 

plugged into the equations. The values were obtained and compared with figure 5.6 to 

see if the calculated values were within the envelope curve for the study area. Since the 

values fit within the curve, they were deemed reasonable. 
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Table 5.1: Generalized least squares regression equations for estimating regional flood - 
frequency relations for the Southern Arizona Region 13 
[Q, peak discharge in cubic feet per second; AREA, drainage area, in square miles. Data were based on 73 
stations. Average number of years of systematic record is 21.] 

Recurrence 
interval, in 

years Equation 

Average 
standard error 
of prediction, 

in percent 

2 Q=10(6.38-4.29AREÁ 
o.06) 

5 Q=10(5.78-3.31 ARE/10 08) 40 

10 Q=10(5.68-3.02AREÁ (109) 37 

25 Q=10(5.64-2.78AREÁ 
0.10) 

39 

50 0=10(5.57-2.59AREÀ 
o.11) 

43 

100 Q=10(5.52-2.42AREÁ ° 12) 48 

SOURCE: B. Thomas et. al., 1997, Methods for Estimating Magnitude and Frequency of Floods in the 
Southwestern United Slates, USGS water -supply paper 2433. 

The annual surface flows were calculated by using the drainage areas obtained for 

use in the regression equations and multiplying by the recorded rainfall in inches in the 

area. Two different rainfall measurements were used. For Aliso Canyon, Sopori Wash, 

and Tubac Creek, data from the Tumacacori National Monument station 028865 were 

used. For Alamo Canyon, Potrero Canyon, and Sonoita Creek, data from the Nogales 6 

N station 025924 were used. These data are displayed in tables 5.2 and 5.3. However, 

using the Department of Agriculture Natural Resource Conservation Service isohyetal 

map of average annual precipitation from 1961 -1990, the precipitation values for Potrero 

Canyon were raised to 20 inches per year. Nevertheless, not all of the rainfall will reach 

the tributaries. In fact, Condes de la Torre (1970) suggested that only 0.6 -3.0% of 

rainfall actually reaches the streams and washes. Therefore, for this study, the range 
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from 0.6 -3.0% was used to calculate the amount of precipitation that contributes to the 

annual surface flow. 

Table 5.2: Precipitation data from Tumacacori National Monument station 028865 
Tumacacori Natl Monument, Arizona (028865) 
Period of Record Monthly Climate Surmiary 
Period of Record : 7/1/1948 to 12/31/1999 

Jan Feb Mar Apr May Jun Jul Aug Sep at Nov Dec Annual 

Average Total 

Precipitation (in) 1.1 0.9 0.84 0.32 0.17 0.41 3.94 3.78 1.54 0.99 0.66 1.36 15.99 

Average Total 
Snonfall (in) 0.1 0.1 0 0 0 0 0 0 0 0 0.2 0.4 0.8 

Total 16.79 

SOURCE: Western Regional Climatic Center 

Table 5.3: Precipitation data from Nogales 6 N station 025924 
Nogales 6 N, Arizona (025924) 
Period of Pecad Monthly Climate Sumary 
Period cf Record . 10'1/1952 to 12/31/1993 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Average Total 

Precipitation (n) 1.18 0.91 0.92 0.37 0.24 0.39 4.52 4.15 1.61 1.26 0.67 1.49 17.71 

Average Total 

Snow-fall (n) 0.1 0.1 0 0 0 0 0 0 0 0 0 0.2 0.4 

Total 18,11 

SOURCE: Western Regional Climatic Center 

The results of using the regression equations for determining the magnitude and 

frequency of floods within the study area are listed in table 5.4. Similarly the results of 

the annual surface flow are listed in table 5.4. 
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Table 5.4: Magnitude and frequency of floods in tributaries studied for this report . [Q, 
peak discharge in cubic feet per second] 

Alamo 
Canyon 

Aliso 
Canyon 

Potrero 
Canyon 

Sonoita 
Creek 

Sopori 
Wash 

Tubac 
Creek 

Q=2 356.23 341.35 415.01 796.47 651.01 316.28 
Q=5 863.53 827.76 1004.09 1892.29 1558.19 767.34 
Q=10 1362.08 1305.25 1585.16 2983.2 2459.71 1209.17 
Q=25 2190.66 2098.9 2550.26 4782.21 3950.82 1943.65 
Q=50 2937.69 2813.91 3422.05 6401.89 5297.3 2604.36 

Q=100 3916.5 3751.41 4561.34 8484.82 7038.99 3471.58 

Drainage 

Area (mit) 6.67 6.16 8.93 32.89 21.73 5.34 

With this data, Sonoita Creek and Potrero Canyon were recommended for further 

exploration as potential sites for recharge. While the limited or uncertain amount of 

unsaturated aquifer in the Potrero Canyon and Sonoita Creek watersheds renders these 

study areas less attractive, it may be possible to manipulate or manage the available 

storage in these areas by using the existing ground water as a source of supply to increase 

the available storage space. Since both have a potential for large magnitude floods and 

significant annual flow volumes due to the size of the watersheds, they were still 

considered for local capture and for augmentation. 

Table 5.5 shows an estimate of the potential range of annual surface flow that 

would be available for capture. 

Table 5.5: Estimate of the potential range of annual surface flow 

Alamo 
Canyon 

Aliso 
Canyon 

Potrero 
Canyon 

Sonoita 
Creek 

Sopori 
Wash 

Tubac 
Creek 

0.6% (afy) 
3% (afy) 

39 

193 

33 

165 
57 

285 
190 
952 

117 
583 

29 
143 
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CHAPTER 6 

RECHARGE AND RECOVERY 

This chapter discusses the areas where water could be recharged and why they 

were chosen. It also details plans for getting the water to these areas. In addition, it 

describes what further studies need to be performed in order for the projects to be 

properly designed. 

6.1 SURFACE STORAGE 

Research into the existing surface water suggests little benefit from expanding the 

facilities at either Lake Patagonia or Peña Blanca Lake. The project would be costly and 

would not result in much benefit in terms of storing extra water. Records from Lake 

Patagonia suggest that the lake has not released enough water over the emergency 

spillway or through the main spillway to warrant raising of the dam to capture that 

outflow. No records are kept of Peña Blanca Lake levels. However, preliminary 

calculations suggest that the flows are insufficient to raise the dam. 

6.2 GROUNDWATER STORAGE 

As an alternative to raising the dams, groundwater storage and recovery could be 

pursued. A catchment structure could be placed below Potrero Well along Potrero Creek. 

This area is underlain by up to 520' of Older Alluvium, according to Clear Creek 

Associates (1999). Based on 1995 water levels, there may currently be only 30 -80' of 
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unsaturated aquifer space available. However with groundwater development, this area 

has potential for being able to store the runoff from the Potrero Canyon watershed. The 

amount of water available for capture ranges from 57 -285 acre -feet per year in this area 

based on flood flow frequency estimates previously calculated. This area is privately 

owned and would be subject to compensation payments or purchase if some interested 

agency wanted to proceed to develop a recharge project in this area. Above Potrero Well 

the land lies within the Coronado National Forest and any projects in that area would 

need to comply with the U.S. Forest Service's current management plans and may 

include compensation or leasing payments. Specific attention needs to be paid to the 

U.S. Forest Service's plans with regard to endangered species in the area. 

Potrero Canyon could also be used for infiltrating some portion of the potential 

2,423 acre -feet of Peña Blanca overflow. A pipeline /ditch could be set up to slowly 

descend from the 3800' contour line at the dam over to Potrero Canyon so that gravity 

would take the water to the catchment structure. However, because of the valleys and 

ridges the pipeline /ditch would cross, the structure would have to be relatively long. 

Alternatively, the pipeline could cross Agua Fria, Caralampi, Calabasas, Bellotosa, 

Pesquiera, and Alamo Canyons with the aid of inverts, which, depending on the size, 

could be more expensive than the longer structure. The water could either be piped 

directly to Potrero Canyon and infiltrated behind the catchment structure, or it could be 

allowed to infiltrate as it flows along the Older Alluvium and across the other valleys. 

The catchment structure would have to be designed be able to hold the flood flow from 
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Potrero Canyon as well as the occasional overflow from Peña Blanca, as both would 

occur in the same time frame due to summer monsoon rains. 

The feasibility of recharging water is dependent on the unsaturated thickness of 

the aquifer, the aerial extent of the formation and the characteristics of the surface soils. 

The soils around Potrero Canyon are considered to be of the Caralampi- Hathaway 

Association. According to the Arizona General Soil Map, this type of soil is defined as 

deep gravely, moderately coarse to moderately fine textured. It is moderately steep to 

very steep on highly dissected old fan surfaces. 

From cross sections made for this study, the area shows depths of alluvium 

reaching from 150 -200'. Clear Creek Associates (1999) created stratigraphic columns 

from test wells that show the Older Alluvium reaching depths of 500 feet and the Nogales 

Formation extending beyond that. Furthermore, Clear Creek Associates (1999) found that 

the hydraulic properties of the Older Alluvium and the Nogales Formation were similar 

in this area, increasing the amount of material available for recharge. Unfortunately there 

appears to be only a very limited amount of unsaturated space in the aquifer, estimated to 

be 30 -80 feet based on 1995 water levels. 

Recommendations for further study of this site for groundwater development and 

recharge include creating more cross- sections from additional well log data and 

evaluating potential recharge rates. The potential recharge rates can be found using step - 

pump tests at existing wells, which can also provide calculations of transmissivity, 

hydraulic conductivity and specific yield. If the site has good potential for recharge, the 

system should be modeled to evaluate how much temporary storage volume pumping can 
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create. These tests should be done in spring or early summer if overflow from Peña 

Blanca Lake is to be used for recharge. 

If the use of existing wells is limited, or if there are not wells located close 

enough to the potential recharge facility, then exploratory boreholes will have to be 

drilled. It is important to have accurate knowledge about the depth to groundwater, the 

depth to bedrock or the Nogales Formation if it is acting as bedrock, and to describe the 

Older Alluvium. Most of this information can be obtained relatively cheaply from 

drilling exploratory holes. Additionally, the exploratory holes can be used to correlate 

stratigraphy between the existing wells and the area of the potential recharge facility. 

Together, pumping tests and exploratory drilling will tell you if there is a sufficient 

thickness of vadose zone to permit recharge, if the hydraulic conductivity is sufficient to 

move water away from the recharge basin, how much storage it is possible to create, and 

how much water the area will be able to receive and store. These parameters are 

necessary to model the system in order to understand the volume and rate of groundwater 

development there needs to be in order to maximize the storage potential of the site. 

Additionally, with exploratory borehole drilling, there is the potential for using down - 

hole geophysical methods to gain more information. 

If there is a wide variability in the information between the existing wells and the 

exploratory wells, then surface geophysical techniques can be applied to fill in the gaps. 

Surface resistivity can be used to define large clay layers in the Older Alluvium that 

would impede recharge or the movement of water away from the recharge area. Clay 

layers will be more conductive and show up on resistivity profiles. If the Nogales 
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Formation is acting as bedrock and does not exhibit hydrogeologic characteristics similar 

to the Older Alluvium, then gravity surveys can be used to define the depth to the 

Nogales Formation. However, in the area of interest, there would be a large topographic 

correction, which may make the analysis cumbersome. If the Nogales Formation has a 

complex surface that needs to be defined, then seismic refraction would be the 

geophysical method to employ. While these geophysical methods are available for 

gaining important information, the best option is the simple option, which is to drill 

exploratory holes and if necessary use down -hole geophysical techniques to answer any 

questions that might arise. 

Catchment structures in the Sonoita Creek watershed could be placed below 

Fresno Canyon to catch the majority of the watersheds flood flows. The amount of water 

available for capture ranges from 190 -952 afy. Additionally, any of the 495 -1715 afy of 

unappropriated releases from the Lake Patagonia dam would be available for recharge 

behind the catchment structure, or for recharge closer to the well field where the 

groundwater may be developed. Too much further downstream and the mouth of the 

creek becomes quite large, making a catchment structure difficult to design. The land is 

owned by Rio Rico and could be subject to compensation payments or purchase if used 

for a recharge project. 

From the Arizona General Soils map, the soils around the Sonoita Creek area are 

comprised of the Lithic torriorthents- lithic haplustolls - rock outcrop association. This 

association is described as being shallow, cobbly and gravely, strongly sloping to very 

steep soils and rock outcrops on hills and mountains. 



35 

The information about the thickness of the Older Alluvium in this area is limited. 

Depth to groundwater in the area is fairly shallow, resulting in a need for groundwater 

development in conjunction with recharge of surface water. 

If groundwater development were pursued in this area, Peña Blanca overflow 

could be gravity fed from the dam to the mouth of Sonoita Creek through Caralampi or 

Calabasas Canyons and used for opportunistic recharge. The pipeline could gently 

descend from the 3800' contour to just North of the Coronado National Forest boundary 

in Caralampi Canyon or could join Calabasas Canyon East of the boundary using an 

invert to cross Agua Fria Canyon. From there, the water would flow down to the Rio 

Rico well field for recharge or to another recharge site where wells could be drilled for 

this purpose. Using Rio Rico wells would cut down on the expense of developing a new 

site for recharge. Continuous supplies for recharge in the same manner include: treated 

effluent from the Nogales International Wastewater Treatment Plant (NIWWT). 

Extracted groundwater from Altar Valley and CAP water purchased from existing rights 

holders should not be used for recharge but rather should be incorporated directly into the 

water supply system. 

It is recommended that cross -sections be made from available well log data which 

were not available at the time of this project. Additionally, performing pump test to 

estimate the transmissivity, storativity, and hydraulic conductivity in the area is 

recommended. As with the Potrero Canyon site, this option will provide the necessary 

information at a lower expense. Additionally, there is the option of using down -hole 

geophysical methods to add to the information obtained from lithologic logging of the 
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new borehole. Furthermore, surface geophysics can be applied later as a means of filling 

in information gaps between wells if there appears to be a need for it. 
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CHAPTER 7 

REGULATORY AND LEGAL CONSIDERATIONS 

This chapter discusses the legal and regulatory hurdles that are involved with any 

of the recommended projects. These obstacles involve loss of riparian habitat due to 

declining surface flows caused by groundwater pumpage, protecting endangered and 

threatened plant and animal species, and ensuring the quality of water supplies. 

7.1 FEDERAL CLEAN WATER ACT 

The Clean Water Act requires states to establish water quality standards to restore 

and maintain the chemical, biological and physical integrity of the nation's waters. 

Under section 401 of the Clean Water Act, the Department would be required to obtain a 

National Pollutant Discharge Elimination System (NPDES) permit for construction 

activities that discharge pollutants from point sources. In Arizona, the Department of 

Water Quality (ADEQ) is responsible for issuing those permits for the United States 

Environmental Protection Agency (EPA). Under section 404, the United States Army 

Corps of Engineers can issue or deny permits for projects that discharge dredge or fill 

material into United States waters. However, before either of those permits were issued, a 

State Water Quality Certification would need to be obtained from ADEQ stating that any 

discharge would comply applicable water quality standards and requirements. 
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7.2 FEDERAL ENDANGERED SPECIES ACT 

The objective of the Endangered Species Act (ESA) is to promote the restoration 

and conservation of plant and animal species that are facing extinction, as well as to 

facilitate the protection of "critical" habitat for a listed species. There are several 

threatened or endangered species found in the SCAMA. Additionally, the SCAMA 

contains suitable habitat for some endangered species, although they have not been 

documented in the area. The endangered or threatened species include the Jaguar, the 

Mexican Gray Wolf, the Cactus Ferruginous Pygmy -owl, the Southwestern Willow 

Flycatcher, the Pima Pineapple Cactus, the Santa Cruz Beehive Cactus, the Lesser Long - 

nosed bat, and the Gila Topminnow. 

Section 7 of the ESA requires a consultation with the Fish and Wildlife Service 

(FWS) if a proposed action would harm a listed species. Section 9 prohibits the taking 

of any listed species. A taking is considered any act that harasses, harms, pursues, hunts, 

shoots, wounds, kills, traps, captures, or collects a listed species. Additionally, modifying 

critical habitat can be considered taking. If a proposed project may result in a taking, 

then an incidental take permit must be filed for as required under section 10 of the ESA. 

If an incidental take permit is pursued, a Habitat Conservation Plan to mitigate the harm 

from the taking must be designed and implemented. 
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7.3 NATIONAL ENVIRONMENTAL POLICY ACT 

The National Environmental Policy Act requires a federal agency to prepare an 

environmental assessment or impact statement before engaging in any major act that 

effects the environment. This act facilitates the participation of Federal, State and local 

agencies, and concerned and affected public in the planning process. In addition, it tries 

to aid in the examination of alternative actions. This law is applicable to the projects 

involving Peña Blanca Lake overflows and pipelines through the Coronado National 

Forest since permission and assistance from the National Forest Service would be 

required. 

7.4 NATIONAL HISTORIC PRESERVATION ACT 

The National Historic Preservation Act protects cultural resources that could be 

adversely affected by Federal actions. Consultation with the State Historic Preservation 

Officer is required if such action would harm historic sites, buildings, and objects of 

national significance listed in or eligible or inclusion in the National Register. 

7.5 FEDERAL ARCHAEOLOGICAL RESOURCES PROTECTION ACT 

The Federal Archaeological Resources Protection Act required a permit issued 

from the Secretaries of the Interior, Agriculture and Defense to excavate, remove, alter or 

destroy any archaeological resource on Federal, public or tribal lands. Resources include 

any remains of past human life or activities that are of archaeological interest and are 

over 100 years old. 
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7.6 NATIVE AMERICAN GRAVES PROTECTION AND REPATRIATION ACT 

The Native American Graves Protection and Repatriation Act regulates the 

intentional and accidental excavation of Native American human remains on Federal or 

tribal lands and provides procedures for compliance. 

7.7 UNDERGROUND WATER STORAGE, SAVINGS AND REPLENISHMENT 

ACT 

The Underground Water Storage, Savings and Replenishment Act requires 

permits to be issued through the ADWR to anyone wishing to store, save, replenish or 

recover water through the Underground Water Storage, Savings and Replenishment 

(UWS) program. These permits may include a facility permit, a water storage permit, 

and a recovery well permit. 

7.8 ARIZONA NATIVE PLANTS LAW 

The Arizona Native Plant Law protects listed species from extinction that grow 

wild on public or private lands. The Arizona Department of Agriculture categorizes 

native plants as highly safeguarded native plants, salvage restricted native plants, export 

restrictive native plants, salvage assessed native plants, and harvest restricted native 

plants. The Arizona Department of Agriculture is responsible for issuing permits to 

remove, possess or transport protected native plants from the growing site. 
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7.9 PRIOR APPROPRIATION DOCTRINE 

Water captured from tributary flash flows would be considered to be water 

flowing in defined channels. As such, it is subject to the Prior Appropriation Doctrine. 

The Department would have to ascertain whether or not the water is subject to prior 

appropriation rights. If historical rights do exist, then the right to any remaining water 

would be junior and consequently could be precluded from utilization in times of low 

flow, or if the recharge project harms a senior rights holder. 

7.10 AQUIFER PROTECTION PERMITS 

ADEQ issues Aquifer Protection Permit (APP) to insure that measures will be 

taken to prevent pollution to the aquifer. There are special provisions for underground 

storage and recovery. ADEQ reviews any Underground Storage Facility permit 

application, regardless of the exemptions fi-om the requirements for APPs. 

7.11 ADDITIONAL ENVIRONMENTAL CONCERNS 

Environmental problems that may be encountered when pursuing certain projects 

include looking into the mercury loading at Pella Blanca Lake. Beginning in 1999 the 

USFS, ADEQ, and ADGF began implementing a plan to clear up the mercury in Peña 

Blanca Lake. Monitoring and revision of the plan by ADEQ and the EPA will continue 

every 4 -5 years as necessary. At Lake Patagonia, the environmental problem may be an 

instream flow requirement using the releases from the dam. The State Land Department 

has applied for a certificate to obtain an instream flow right below Lake Patagonia. They 
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are requesting the entire required release amount, including the excess for a total of 1,448 

acre -feet per year based on 1996 records of flow. Rio Rico is currently protesting this 

and so the water may still be available for use. 
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CHAPTER 8 

ECONOMICS AND DESIGN 

This is not intended to be a complete economic analysis, but rather, it is to be used 

as an evaluative tool for the cost effectiveness of implementing each project. Amortized 

costs are calculated for each of the proposed projects using both the Municipal and 

Federal Capital Recovery Factors, and compared to the current cost of water in the 

SCAMA. Calculation of the cost of water in the SCAMA includes power, equipment, 

operations and maintenance, and administrative expenses. It is appropriate to include the 

design considerations in this section to facilitate the understanding of the recommended 

projects in light of cost considerations. This might not occur if they were discussed 

separately. 

8.1 ASSUMPTIONS 

The design of full facilities and infrastructure for proposed projects is not within 

the scope of this project. Therefore, reported costs are estimates. Trying to be as 

complete as possible, examples and cost estimates from Bureau of Reclamation studies 

for similar projects were used. More refined costs can be developed for particular 

projects if and when they are moved into the design phase. 
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8.2 CURRENT COST OF WATER IN THE SCAMA 

Currently, Rio Rico Utilities, Inc. is able to provide groundwater for $61 per acre - 

foot. According to the 2000 ADWR Annual Water Withdrawal and Use Report, Rio 

Rico Utilities, Inc. withdrew 1756.437 acre -feet of water in 2000. The total expenses for 

providing this amount of groundwater, as reported by Rio Rico Utilities, came to 

$107,562.57 U.S. Dollars (Personal correspondence, August 16, 2001, Donald R. Baker). 

A detailed list of these expenses is listed in the table below. 

Table 8.1: Operations and Maintenance Expenses, Source of Supply (US dollars) 
Salaries and Wages 18,200 
Purchased Power 77,100 

Materials and Supplies 200 
Contractual Services, Testing 300 

Transportation Expense 5,500 
Repairs and Maintenance, Equipment 700 

Miscellaneous Other 5,600 
Total Expenses, Source of Supply 107,600 

Source: Personal Correspondence, Rio Rico Utilities, Inc. August 16, 2001. 

8.3 RECHARGE 
The Potrero Canyon recharge site can be designed to capture just the tributary 

flash flows, or to capture overflow from Peña Blanca Lake in addition to tributary flash 

flows. According to Herman Bouwer and Robert Rice (2001), the best method of 

capturing tributary floodwaters for artificial recharge of groundwater is to use a deep 

reservoir /shallow infiltration basin design. This is because the high volume of water- in a 

short amount of time from runoff events is too much for the capacity of a recharge system 

to absorb. The reservoir has the capacity to collect as much of the floodwater as possible, 

which is the main purpose. The muddy, turbulent floodwaters are best captured in a deep 
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reservoir for temporary storage and sediment removal, with the water being released 

slowly into the spreading basins after the event (Bouwer, 2001). 

This design concept was used as the basis of operation for this option. Two cost 

estimates were created, one for a larger facility able to capture overflow from Pella 

Blanca, and a smaller facility used only to capture tributary flash flows. The whole 

design concept was not created, as this is beyond the scope of this project. Cost estimates 

were based on similar structures from previous studies done by the Bureau of 

Reclamation. The purpose of this analysis is to roughly compare the options in order to 

chose one that warrants further study. 

The smaller catchment structure should be designed to capture 300 afy. Using a 

worst -case estimate of 300 operating days and a 50 percent wet/ 50 percent dry operating 

cycle with a hydraulic loading rate of 2 ft /day, the spreading basin needs to be 1 acre. 

Adding in another 2 acres for the reservoir itself, and 25% for non -basin lands, the total 

acreage needed for the smaller structure is 3.75 acres. The larger structure needs to have 

the ability to handle 3,0003 -00 afy. Using the same assumptions as used for the smaller 

structure, the larger structure would require 15 acres where the spreading basins would 

occupy 10 of those acres. 

Similar to the Potrero Canyon site, the Sonoita Creek recharge site can be 

designed to capture just the tributary flash flows, or to capture unappropriated releases 

from Lake Patagonia or Peña Blanca Lake overflow in addition to tributary flash flows. 

The same design concept used in the Potrero Canyon site is used for the Sonoita Creek 

site. The smaller of the two structures needs to be able to handle 1,000 afy. The larger, 
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which would capture releases from Lake Patagonia or overflow from Peña Blanca Lake, 

needs to have capacity for up to 3,000 afy. The median cost estimates for land acquisition 

is assumed to be $20,000 /acre. This price is not universal, however by using it the cost of 

the projects can be compared. Further details and pricing deals can be pursued if the 

projects move forward. Table 8.2 shows the costs associated with the recharge basins. 

Table 8.2: Recharge Capital Cost Estimates (US dollars) 
300 AFY 
Structure 

1,000 AFY 
Structure 

3,000 AFY 
Structure 

Land Acquisition 75,000 150,000 300,000 
Basins (landscaping, piping, 

valving, metering) 
97,000 195,000 390,000 

Reservoirs (site work, 
piping, lining) 

53,000 53,000 53,000 

Contingencies (@ 20 %) 45,000 79,600 148,600 
Engineering & 

Administration ((agi 20 %) 
45,000 79,600 148,600 

Total Capital Cost 315,000 557,200 1,040,200 
Municipal Capital 
Recovery Factor 

0.0837,5.5 %, 20 y ars) 

26,400 46,600 87,000 

Federal Capital Recovery 
Factor (0.0761, 7.125 %, 40 

ears 

24,000 42,400 79,200 

The costs listed for the basins, are for all of the basins associated with the 

structure size listed. The costs for the reservoirs are universal because of the system 

design, the reservoir acts only as a temporary storage facility. The actual basins are 

dependent on the amount being recharged. Table 8.3 lists the ongoing costs of the 

recharge projects. 
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Table 8.3: Recharge O & M Cost Estimates (US dollars 
300 AFY Structure 1,000 AFY 

Structure 
3,000 AFY 
Structure 

Pipeline (1 %) 3,100 5,600 10,400 
Basins 

1,200 /acre /year) 
4,500 9,000 18,000 

Reservoir (0.3% of 
construction cost) 

900 1,700 3,100 

Total O &M 8,600 16,300 31,500 

8.4 PIPELINES TO SITES 

If water from Peña Blanca Lake is to be used, then pipelines from the intake at the 

dam have to be built to convey the water to the recharge site. From Peña Blanca Lake to 

the proposed Potrero Canyon recharge site, the pipeline could gently descend from the 

3800 -foot contour line. Alternatively, inverts could be used to help convey the water 

across the intervening canyons to the recharge site. The routes over to Potrero Canyon 

were calculated to use gravity instead of adding additional power and pumping plants to 

the design. If a shorter route is required, a pump may be required to lift the water to a 

higher elevation before using gravity to deliver the water. However, this pump would 

have to be large in order to lift the amount of water from a storm runoff event. 

Additionally, the pipeline needs to be large enough to accomodate large storm events 

even through gravity feed. 

A pipeline could also be used to take water to the proposed Sonoita Creek 

recharge site. Of these three options, the route to Sonoita Creek is the shortest. Since 

the pipeline route has not been fully designed and the exact specifications as to pipe sizes 

are not within the scope of this project, the rough estimates of pipeline costs are given 
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below. With piping costs ranging from $49 /linear foot (LF) to $85 /LF, each limit was 

used to calculate pipeline costs over the route distance and the median presented as the 

best estimate for total cost. 

These cost estimates also have a component for assumed values. 25% is added for 

valves, air chambers, etc; 20% for unlisted items such as mobilization and prep work and 

structural excavation; 10% for contingencies. Operations and maintenance costs for the 

pipelines are assumed to be 1% of the total capital cost. Tables 8.4 and 8.5 detail the costs 

associated with the pipelines. 

Table 8.4: Cost Estimates for Pipelines to Recharge Sites (US dollars) 

Route Route Length Range of 
Prices 

Median Price 
X Assumed 

values 

Total Cost 

3800' 8000 LF $392,000- (536,000)(1.55) $830,800 
contour to $680,000 

Potrero 
catchment 
Crossing 6400 LF $313,600- (428,800)(1.55) $664,600 
canyons 

with inverts 
to Potrero 
catchment 

$544,000 

To Sonoita 6000 LF $294,000- (402,000)(1.55) $623,100 
Creek $510,000 
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Table 8.5: Total Capital Cost Estimates for Pipelines to Recharge Sites (US dollars 
Along 3800' 

Contour 
Along Canyons 

with Inverts 
To Sonoita Creek 

Pipeline 
construction 

830,800 664,640 623,100 

Administration & 
Engineering (@ 

20 %) 

166,160 132,928 124,620 

3000 AFY Basin 
Structure 

1,040,200 1,040,200 1,040,200 

Total Capital Cost 2,037,200 1,837,800 1,787,900 
Municipal Capital 
Recovery Factor 
(0.0837,5.5 %, 20 

years) 

170,500 153,800 149,600 

Federal Capital 
Recovery Factor 
(0.0761, 7.125 %, 

40 years) 

155,000 139,900 136,100 

O & M (1%) 20,400 . 18,400 17,900 

8.5 RECOVERY 

For the development of the groundwater, there may be some need for new wells 

to be built, depending on the existing capacity of the current wells. The cost estimate for 

new wells to be installed and connected to the system is $400,000 per well. Additionally, 

there is the need to treat the water, which is estimated at $200,000 per well. Production 

wells are assumed to average 2,000 afy. Table 8.6 details the recovery well costs 

associated with the various projects. 
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Table 8.6: Recovery Well Cost Estimates (US dollars 
Peña 

Blanca/Potrero 
Canyon 

Peña Blanca /Sonoita 
Creek or 

Patagonia /Sonoita 
Creek 

Sonoita Creek 

Recovery Wells 800,000 800,000 400,000 
Treatment 400,000 400,000 200,000 

Total Capital Cost 1,200,000 1,200,000 600,000 
Municipal Capital 
Recovery Factor 
(0.0837,5.5 %, 20 

years) 

100,440 100,440 50,220 

Federal Capital 
Recovery Factor 

(0.0761, 7.125 %, 40 
years) 

91,320 91,320 45,660 

O & M, power, 
administration 

($61 /acre) 

183,000 183,000 61,000 

With the Potrero Canyon site only recharging the tributary waters, there is no 

need to add an additional well for recovery, since the recharged amount is well below the 

assumed capacity of the recovery wells. It is assumed that the existing wells will be able 

to recover this water. Two recovery wells are necessary for both the Peña Blanca 

Lake/Potrero Canyon and Lake Patagonia /Sonoita Creek proposed recharge facilities. 

However, if only the Sonoita Creek tributary waters are to be collected, only one well is 

necessary. For the purposes of this project, it is assumed that the recommended numbers 

of wells are necessary for recovery, and that existing wells will not be enough. 

Additionally, there may be land acquisition, exploration, and permitting costs for the 

placement of these wells. 
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The following table summarizes all of the costs associated with recharge and recovery for 
the previously discussed projects 

Table 8.7: Total Recharge and Recovery Costs Summar 
Total 

Capital 
Cost 

Annual 
Amortized 

Cost 

O & M Total 
Annual 

Cost per 
Acre -foot 

Cost per 
1,000 

gallons 
Potrero 
Canyon 

flash 
flows 

Municipal 
Factor 

315,000 26,400 8,600 34,900 117 0.36 

Federal 
Factor 

315,000 24,000 8,600 32,600 109 0.33 

Potrero 
Canyon/ 

Peña 
Blanca 
(along 

contour) 

Municipal 
Factor 

3,237,200 271,000 203,400 474,300 158 0.48 

Federal 
Factor 

3,237,200 246,300 203,400 449,700 150 0.46 

Potrero 
Canyon/ 

Peña 
Blanca 
(with 

inverts) 

Municipal 
Factor 

3,037,800 254,300 201,400 455,600 152 0.47 

Federal 
Factor 

3,037,800 231,200 201,400 432,500 144 0.44 

Sonoita 
Creek 
flash 
flows 

Municipal 
Factor 

1,157,200 96,900 77,200 174,100 174 0.53 

Federal 
Factor 

1,157,200 88,000 77,200 165,300 165 0.51 

Sonoita 
Creek/ 
Lake 

Patagonia 

Municipal 
Factor 

2,240,200 187,500 262,200 449,700 150 0.46 

Federal 
Factor 

2,240,200 170,500 262,200 432,600 144 0.44 

Sonoita 
Creek/ 
Peña 

Blanca 

Municipal 
Factor 

2,987,900 250,100 200,900 451,000 150 0.46 

Federal 
Factor 

2,987,900 227,400 200,900 428,200 143 0.44 

Municipal Capital Recovery Factor (0.0837, 5.5 %, 20 years) 
Federal Capital Recovery Factor (0.0761, 7.125 %, 40 years) 
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8.6 PERMITTING 

There are several permits that might be required for any of these proposed 

projects. These permits were mentioned in chapter 7, which discussed the legal issues 

associated with these projects. The permitting requirements and costs are not included in 

this economic analysis because of the many different regulatory procedures involved 

making the number of options too numerous to list in detail. It is assumed that ADWR is 

familiar with the costs involved and the administrative and regulatory procedures 

required for each option, and that no further discussion is needed here with regard to 

permitting. 

8.7 CAP WATER 

The Bureau of Reclamation performed an economic study on the possibilities of 

extending the CAP pipeline to Nogales. The single purpose delivery to Rio Rico/Nogales 

Arizona design and costs are taken from the 1992 report as the costs associated with 

creating a pipeline down to Nogales. These costs are listed in the table below 

Table 8.8: CAP Pipeline Cost Estimates (US dollars) 
Pipeline Costs $35,200,000 
Pumping Plants $4,500,000 
Land & Rights $1,500,000 

Total Costs for Delivery System $41,200,000 
Source: US Department of Interior Bureau of Reclamation Arizona Projects Office Water 
Conveyance Branch, September 1992, Nogales Pipeline; Single purpose (Mexico), Joint 
use (USA/Mexico), Single purpose (USA) Cost Estimates Report. 
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According to Eric Holler at the Bureau of Reclamation, Tucson Office, there are 

several options for acquiring CAP water to fill the pipeline. Currently there is what is 

known as "excess water" which can be purchased for $45 /AF. Although for municipal 

and industrial uses, it generally sells for $101 /AF. It is water that is available now 

because current rights holders have more of an allotment then they are currently able to 

use. This is expected to run out in 5 -10 years as the rights holders develop the capacity to 

use their full allotment. Additionally, as water providers in the Tucson area are looking 

for water to buy, the market prices for this water will go up, especially in 20 years from 

now when the demand for water is expected to reach a critical point. This water would 

not be a permanent supply, guaranteed to the SCAMA. 

For a long -term solution, the actual rights to the water would have to be bought. 

The City of Nogales sold their CAP water rights to Scottsdale for $2,000 /AF. Assuming 

this price and amortizing over 20 years, this works out to about $150 /AF. This plus the 

cost of water brings the price up to $250- $300 /AF. This does not include the amortized 

annual cost of the pipeline or the O &M, administrative, or power costs associated with 

this water. While the total O & M costs and the power requirements for pumping water if 

necessary are beyond the scope of this project, an estimate related to the other projects 

has been included to try and compare the projects. It is assumed that the amount of water 

available for lease or purchase is the same as would be available from NIWWTP for 

comparison purposes. The table below lists the costs associated with bringing CAP water 

to the Nogales area. 
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Table 8.9: Annual Cost Estimates for CAP Water (US dollars 
Annual 

Amortized 
Cost 

O & M 
(1 %) 

Cost of 
Water 
(5,400 
AFY) 

Total 
Annual 

Costs 

Cost 
per 

Acre- 
foot 

Cost 
per 

1,000 
gallons 

Municipal 
Capital 

Recovery 
Factor 

(0.0837,5.5 %, 
20 years) 

3,448,400 412,000 1,350,000 5,210,400 965 2.96 

Federal 
Capital 

Recovery 
Factor 

(0.0761, 
7.125 %, 40 

years) 

3,315,300 412,000 1,350,000 4,897,300 907 2.78 

8.8 NIWWTP 

Purchasing effluent from the Nogales International Wastewater Treatment Plant 

(NIWWTP) is a long -term solution provided the 1944 Water Treaty between the United 

States and Mexico can be amended and a contract obtained. There is approximately 1,000 

AF of effluent discharged per month, some of which would be available to purchase. 

This is the most stable supply and the largest quantity discussed so far. However, this 

option must be explored in depth by ADWR as the issue is large and not within the scope 

of this project. For this economic analysis, it is assumed that water could be obtained at 

the price of $50 /AF. Assuming that half of the effluent were re- routed back into Mexico, 

and allowing 10% for in stream flow rights that might develop as well as no -harm 
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policies to any existing users, 450 AF /month could be available for purchase. With the 

assumed price, this water would be available for $22,500 /month. 

Currently the SCAMA benefits from having all of this water discharged into the 

Santa Cruz River where it recharges the underlying alluvium and cannot be considered a 

new source of water available to the SCAMA. There is a strong incentive to do 

something with as much of this water as possible as Mexico may one day seek the return 

of the effluent to Mexico. If the effluent is being used for turf irrigation, or recharge after 

some level of treatment, it may be possible to negotiate retaining the water for a price, 

where if it were still being discharged to the Santa Cruz channel, there would be no 

strong argument supporting retention of the water. 

8.9 ALTAR VALLEY 

If the CAP pipeline were built, this option is viable, since the amount of water 

available is not worth the construction of the pipeline to deliver it to the Nogales area in 

its own right. However, if the CAP canal were extended, then groundwater extracted 

from the Three Points area could be conveyed via pipeline to the CAP canal. Using the 

same assumptions as for the pipelines to Potrero Canyon and Sonoita Creek, a pipeline to 

the CAP canal at the San Xavier District would cost $2,803,950. The cost of providing 

this water is assumed to be the value stated by Rio Rico Utilities, Inc for the cost of 

withdrawing groundwater in the SCAMA. With the additional expense of $41,200,000 

for the CAP canal to be extended to the Rio Rico/Nogales area, or a similar structure, the 
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cost comes to $44,003,950. Table 8.10 details the costs associated with building a 

pipeline to the San Xavier District. 

Table 8.10: Total Capital Cost Estimates for Pipeline to CAP Canal at San Xavier 
District (US dollars 

From Three Points to the San Xavier 
District 

Route Length 27,000 LF 
1,323,000- 2,295,000 Range of Prices 

Median Price X Assumed Values (1,809,000)(1.55) 
2,803,900 Total Capital Cost 

Municipal Capital Recovery Factor 
(0.0837,5.5 %, 20 years) 

234,700 

Federal Capital Recovery Factor (0.0761, 
7.125 %, 40 years) 

213,400 

O & M, power, administration ($61 /acre) 549,000 
Table 8.11 lists the total cost of getting Altar Valley water to the Nogales Area. 

Table 8.11: Total Cost Estimates for Altar Valley Water to Nogales Area (US 
dollars 

Annual 
Amortized 

Costs 

O & M 
Costs 
(1%) 

Total 
Annual 
Costs 

Cost per 
Acre -foot 

Cost per 
1,000 

gallons 
Municipal 

Capital 
Recovery Factor 
(0.0837,5.5 %, 20 

years) 

3,683,131 440,040 4,123,171 458 1.41 

Federal Capital 
Recovery Factor 
(0.0761, 7.125 %, 

40 years) 

3,348,701 440,040 3,788,741 421 1.29 

8.10 SUMMARY OF COSTS 

The only option that has been discussed that is within the range of the current cost 

of water in the SCAMA involves purchasing effluent from the Nogales International 

Wastewater Treatment Plant. However, in the analysis of this cost, only the purchase of 
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water was addressed and not the treatment or the facility for use. This option also has a 

large legal component to it that makes it less attractive. Additionally, the water is 

effluent and not usually appealing to consumers despite high treatment levels and 

recharge facilities, creating a social cost. If this option were pursued, the first choice is to 

deliver the water directly for turf irrigation or other uses that do not require additional 

treatment. If there is effluent available to meet other demands, the next best option is to 

treat the effluent directly and deliver it to industrial uses that require a higher level of 

treatment, but not a potable quality. It is possible to recharge the effluent and employ 

soil -aquifer treatment techniques. However, this option incurs the cost of having to build 

the recharge facility as well as the cost to pump it from the ground again. 

The table 8.12 summarizes the costs associated with all of the projects for 

comparison. Costs are presented as the total annual cost amortized using both the 

municipal and the federal capital recovery factors, the cost per acre -foot of water, and the 

cost per 1,000 gallons. 

One must be aware that the utilities cost of producing water is only a tiny fraction 

of its cost to the consumer. For instance, the junior author pays about $0.003 to Tucson 

Water per gallon of water. Tucson Waters' cost for producing an acre foot of water at the 

ground surface was $50.00 per acre foot in 1995 (Bruce Johnson, personal 

communication, 1995) which is comparable to the current $61.00 per acre foot cost cited 

here for Rio Rico. If the previously mentioned cost of $0.003 per gallon is expressed in 



58 

acre feet, it turns out to be almost $1000.00 per acre foot. Placing a lot of weight on the 

raw water cost can be misleading, because the raw water cost is only a small fraction of 

the end users cost. For the purposes of this report, it is assumed that the costs of 

Table 8.12: Summary of Estimated Project Costs (US dollars 
Total Annual 

Cost 
Cost per 
Acre -foot 

Cost per 
1,000 Gallons 

Estimated 
Delivery Costs 
per Acre -foot 

1067 -1059 

Average Percent 
Difference from 
Most Expensive 

Potrero 
Canyon 

35,000 - 

32,600 
117 - 109 0.36 - 0.33 -43.7% 

Potrero 474,300 - 158 - 150 0.48 - 0.46 1108 -1100 -41.5% 
Canyon/ 449,700 

Peña Blanca 
(along 

contour) 
Potrero 455,600 - 152 - 144 0.47 - 0.44 1102 -1094 -41.8% 
Canyon/ 432,500 

Peña Blanca 
(with 

inverts) 
Sonoita 174,100 - 174 - 165 0.53 - 0.51 1124 -1115 -40.6% 
Creek 165,300 

Sonoita 449,700 - 150 - 144 0.46 - 0.44 1100 -1094 -41.9% 
Creek /Lake 432,600 
Patagonia 

Sonoita 451,000- 150 - 143 0.46 - 0.44 1100 -1093 -41.9% 
Creek / 428,300 

Peña Blanca 
CAP 5,210,400 - 965 - 907 2.96 - 2.78 1915 -1857 NA 

4,897,300 
NIWWTP 50 0.15 1000 -47.8% 

Altar Valley 4,123,200 - 458 - 421 1.41 - 1.29 1408 -1371 -26.3% 
3,788,700 

delivering water in the SCAMA are comparable to the costs of delivering water in the 

Tucson area. Therefore an estimated $950 delivery cost has been added to the cost per 

acre -foot calculation in order to take some of the weight off the cost of the raw water. 
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Additionally, the percent difference from the most expensive alternative, the purchase 

and importation of CAP water, has been calculated and is reflected in table 8.12. 
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CHAPTER 9 

MULTIPLIERS AND RANKING 

In order to recommend a project, a prioritization matrix was created and the 

projects were ranked according to ADWR's request. A different multiplier was assigned 

to each criterion. Each multiplier represents a weighted value. When it is multiplied by 

the individual rank of each variable associated with a project, it assigns the variable the 

appropriate degree of importance. The individual rankings are added up and the projects 

are rated from least desirable to most desirable with the most desirable having the highest 

score. The most important variable for ADWR was the amount of water, followed by the 

cost of the project. The reliability of the water source and the institutional barriers 

associated with a given project were also considered. The following table illustrates the 

criteria, the assigned multipliers and the maximum amount of points a given criterion 

could gain. 

Table 9.1: Multipliers and Criteria 
Criterion Multiplier Maximum Points 

Amount of water available 10 20 
Cost of water per AFY 8 16 

Reliability of source 4 6 

Legal /environmental factors 2 4 

9.1 EXPLANATION OF MULTIPLIERS 

Since the main objective of embarking on a water supply project is to produce the 

greatest amount of water for the least cost and with the fewest harmful side effects, it is 
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important to take all of these variables into account. However, not all of these variables 

are weighted equally in the decision making process. The following describes how each 

of the criteria in this project was ranked. 

AMOUNT OF WATER RANK 

0 -200 afy 0 

200 -1,000 afy 1 

1,000 + afy 2 

The amount of water available from the studied projects varied from less than 100 

afy to potentially more than 16,000 afy. However, the typical range was from a couple 

hundred afy to a couple thousand. The range and ranking given here allow for a good 

separation of the projects. 

COST PER afy RANK 

>$1501/afy 0 

$1200- $1500/ afy 1 

< $1200 /afy 2 

The cost to produce groundwater in the SCAMA is roughly $61/ afy according to 

information from Rio Rico Utilities, Inc. With the estimated delivery cost of $950 added, 

the cost of groundwater in the SCAMA is roughly $1011 /afy. As there were no 

alternatives that were below this cost, the bottom limit was set at $1200 /afy. 
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RELIABILILTY OF SOURCE RANK 

NOT RELIABLE 0 

RELIABLE 1 

VERY RELIABLE 2 

The reliability of a source of water is important if a large amount of infrastructure 

needs to be built in order to utilize the source. If a source of water was dependent on 

precipitation and climatic variables solely, it was judged not reliable. However, if the 

source was dependent on releases from lakes or available by purchase, it was deemed 

reliable. In order to be very reliable, a source needed to be available year round and not 

fluctuate in quantity or quality very much. 

INSTITUTIONAL BARRIERS RANK 

ABOVE AVERAGE 0 

AVERAGE 1 

BELOW AVERAGE 2 

There were legal and environmental concerns associated with all of the studied 

projects, as would be expected. However, some of the hurdles were more costly both in 

capital and time in order to pursue. This multiplier was used to compare regulatory 

burdens associated with the individual projects and standard regulatory procedures 

common for ADWR. 

The most points a project could earn is 48, the least is zero. Projects earning zero 

to 16 points were not recommended. Those with 17 -32 points were possible 
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recommendations, and those with points above 33, were recommended. All of the 

projects were ranked in order of most favorable to least, despite recommendations. The 

final results from the ranking are listed in the table below. 

Table 9.2: Summation of scoring results 
Number Project Total 

Score 
Recommendation Ranking 

1 NIWWTP 44 Highly Recommended 1 

2 Sonoita Creek with 
Lake Patagonia 

Releases 

35 Highly Recommended 2 

3 Sonoita Creek with 
Peña Blanca Overflow 

33 3 

4 Potrero Canyon with 
Peña Blanca Overflow 

(Inverts) 

33 4 

5 Potrero Canyon with 
Peña Blanca Overflow 

(Contours) 

33 5 

6 CAP 26 6 

7 Altar Valley 25 7 

8 Sonoita Creek Flash 
Flows 

21 8 

9 Potrero Canyon Flash 
Flows 

11 9 
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CHAPTER 10 

CONCLUSIONS 

The purpose of this study was to identify possible sources of water available to 

the Santa Cruz Active Management Area (SCAMA) for augmentation of their water 

supply as a part of the Augmentation and Conservation Assistance Program. In order to 

do this, several areas were looked at as being potential areas where tributary flash flows 

could be captured and used as groundwater augmentation. Additionally, the excess flows 

from the surface water reservoirs were thought to be possible sources of water for 

groundwater augmentation. A few different sources were explored for the potential of 

importing water or of its purchase. 

Initially, sites were chosen for proximity to the end user, proximity to water 

source, depth of alluvium, and hydrogeologic characteristics. The sites that were first 

chosen included Tubac Creek, Aliso Canyon, Sopori Wash, Alamo Canyon, Potrero 

Canyon, and Sonoita Creek. When the amount of tributary flash flood flows were 

calculated, some of these sites were dropped from further study because they did not 

offer enough water to warrant further research. Of the original sites, only Potrero Canyon 

and Sonoita Creek offered the potential for larger flows, proximity to existing well fields 

that could be used for groundwater development and a longer residence time in the 

SCAMA for recharged water. Additionally, these sites are close to the surface water 

reservoirs in the SCAMA and offered the potential for opportunistic recharge of available 
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overflow and unused releases from these lakes. Furthermore, they are in closer proximity 

to the larges population centers in the SCAMA, Rio Rico and Nogales. 

The legal and regulatory considerations were examined and found to be fairly 

even across the board for the sources of water and recharge sites being studied. No one 

project had more or fewer permits required or regulations to comply with which made it 

more or less attractive than the other projects. 

A simple economic assessment of the projects was then used to add another 

element to the decision making process. The full- scale design of any one of the recharge 

and recovery projects was beyond the scope of the project. Estimates were made using 

similar projects that were designed by the Bureau of Reclamation. 

Multipliers were assigned to each of the criteria that the projects were judged on. 

These included the amount of water available from each project, the cost of the projects 

per acre -foot of water, the reliability of the source and the legal and environmental 

considerations associated with each project. The ADWR decided the order of importance 

for the judgment of each project. 

With all of these considerations, the most highly recommended project for 

ADWR to pursue in the SCAMA for water augmentation, is to purchase and utilize the 

effluent from the Nogales International Wastewater Treatment Plant (NIWWTP). With 

treatment, primarily to remove nitrate, the water could be recharged in the younger 

alluvium near the Santa Cruz, essentially duplicating its present sustaining effect on the 

Santa Cruz river. Alternatively, the water could be delivered directly for turf irrigation 

without treatment or with minimal treatment for delivery for industrial purposes that do 
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not require potable water quality. The 1944 Water Treaty with Mexico and the United 

States would likely have to be amended, and the costs of water may have to be 

negotiated. Additionally, an EIS would probably be required to assess the impact on the 

Gila topminnow found in the perennial reach of the Santa Cruz River where the effluent 

is now being discharged. In terms of cost this is the best option and it is highly 

recommended that this option be pursued to retain as much of the present water imported 

as effluent from Mexico as possible. 

The second project that is recommended is to recharge and recover tributary flash 

flows from Sonoita Creek below Lake Patagonia, as well as any unappropriated 

additional releases from the lake. This project came in second for the amount of water 

available and the next lowest cost of water per acre -foot. The regulatory considerations 

for this option are numerous as well, including obtaining permits and possibly performing 

an EIS for the project. 

To differentiate between projects 3 -5 that have an identical total score, they are 

ranked secondarily according to cost. These projects do not have any greater number of 

legal hurdles to contend with, however the costs are higher. 

This study covered a lot of the issues associated with augmenting the supply of 

water in the SCAMA. All of the identified scenarios need to be covered more before any 

action is taken to begin those projects. This study was intended to help ADWR 

understand some of the water resource augmentation possibilities within the SCAMA and 

not intended to provide project specifications for any recommended project. This study 

has laid the groundwork for ADWR to assess the water management options available in 
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the SCAMA and that fiirther analysis will be conducted to better refine the preliminary 

findings of this study. 
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