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Introduction

     This document is intended to represent a first draft of the demand side of a water plan for the Upper Gila Watershed of Arizona. To date, we have addressed municipal, industrial and agricultural water demand. As we progress, we expect to address supply, conservation and long term planning for addressing our future water needs.

Initial Study Area

     Initially, The Upper Gila Watershed of Arizona Water Resources Management Conservation Plan committee attempted to address the entire area of the watershed that appears in Arizona, (see MAP A). We determined the population present in all six counties within the borders of the watershed in Arizona, which includes Graham and Greenlee, as well as portions of Cochise, Gila, Apache, and Pinal counties. 



	Current and projected population numbers through year 2050 - Upper Gila Watershed
	 

	Year
	1997
	2000
	2010
	2020
	2030
	2040
	2050

	Graham (23.7% increase each 10 years) *
	32,243
	35,164
	43,499
	50,673
	57,355
	63,492
	69,239

	Greenlee (7% increase each 10 years)*
	8,739
	8,984
	9,605
	10,271
	10,984
	11,634
	12,322

	Cochise (9% increase each 10 years)**
	1,521
	1,658
	1,807
	1,969
	2,147
	2,340
	2,551

	Gila (5% increase each 10 years)***
	6,380
	6,700
	7,035
	7,387
	7,756
	8,144
	8,551

	Pinal****
	0
	0
	0
	0
	0
	0
	0

	Apache (2% increase each 10 years)*****
	662
	675
	689
	702
	716
	731
	745

	Totals
	49,545
	53,181
	62,635
	71,002
	78,958
	86,341
	93,408

	* Graham and Greenlee County figures were taken from POPTAC population projection totals
	
	

	** Figures supplied by Mark Appel from Cochise County
	
	
	
	
	

	*** Figures calculated by using sections of census tracts 12 and 9404. Bill Leister with the Central Arizona Association of Governments (CAAG) concurred.

	****Figures calculated using census tract 9404, and verified with Pinal County and Bill Leister at CAAG
	

	*****Figures calculated by using census tract #9704 numbers, excluding area outside of the watershed, and verifying w/ the Alpine Chamber of Commerce 


     At that point, the group made the decision to concentrate efforts in an initial study area that would include only Greenlee and Graham counties, and excluding the Coronado and Apache Sitgreaves Forests. This decision was made by the committee members to exclude the portions of Gila, Cochise, Pinal and Apache counties that are in the Upper Gila Watershed in this initial effort. Future effort s will be made, however, to incorporate the planning efforts of these four counties into our water plan. See MAP B.


Task 1: Current and Projected Population through Year 2050

     The group agreed to use the Department of Economic Security Population Technical Advisory Committee (POPTAC) population figures and projection numbers for both Graham and Greenlee counties. 

     Mark Appel, Senior Planner with the Cochise County Planning and Zoning Department provided the Cochise County population estimates within the Upper Gila Watershed of Arizona by applying GIS data to the watershed boundaries. 

     Gila County population estimates within the Upper Gila Watershed of Arizona were calculated with the assistance of the Central Arizona Association of Governments (CAAG). We determined the areas of Gila County that are part of the Upper Gila Watershed of Arizona. Then we used U.S. Census Bureau data (census tracts 12 and 9404), to estimate the population present in those areas.

     Apache County population estimates within the Upper Gila Watershed of Arizona were calculated by determining the areas of Apache County that are part of the Upper Gila Watershed of Arizona. Then we used U.S. Census Bureau data (census tract 9704), to estimate the population present in those areas. We verified the numbers with the assistance of the Springerville Chamber of Commerce and a long time resident.

     Pinal County population estimates within the Upper Gila Watershed of Arizona were calculated with the assistance of the Central Arizona Association of Governments (CAAG). We determined the areas of Pinal County that are part of the Upper Gila Watershed of Arizona. Then we used U.S. Census Bureau data (census tract 9404), to estimate the population present in those areas. The absence of residents in the targeted area was verified with the assistance of local residents.

     The population growth projection figures for the six counties in the Upper Gila Watershed of Arizona were taken from the Department of Economic Security Approved County Population Projection Totals 1997 Report.

Task 2: Municipal and Industrial Water Demands through Year 2050
Municipal Water Demand

     The municipal water demand totals for Graham and Greenlee Counties were determined by adding the demand numbers for area water providers to the estimated water demands for private wells.

     In Graham County, Gila Resources and Graham County Utilities provided water demand totals for their residential customers. Water demand totals for Eden Water Company were obtained from the Arizona Corporation Commission. 

      In Greenlee County, Duncan Water Company water demand totals were supplied by David Newlin, Duncan Town Manager. Loma Linda, Verde Lee, Ash Creek and Morenci Water Company water demand totals were obtained from the Arizona Corporation Commission. Clifton’s residential water is supplied by Morenci Water and Power.

     Estimates for municipal demand supplied by private wells were determined by subtracting the population served by the private water providers, then multiplying the remaining population by the number of gallons per capita per day, as supplied by Gila Resources (GPCD), estimated for the area (200). A small portion of residential irrigation is supplied by the Gila Valley Irrigation District and is not included in the Gila Resources residential demand reporting.

     Projected water demands were calculated by using the growth rate figures in the Department of Economic Security approved County Population Projection Totals 1997 Report.

Industrial Water Demand

     The industrial water demand total for the Upper Gila Watershed in Arizona is comprised of  a golf course, parks, open space, mining, and a small number of local businesses. The industrial water demand for Graham County was calculated by adding the industrial water demand supplied by Gila Resources and Graham County Utilities to the water demand totals supplied by Robert Porter with the Safford Department of Public Works for the Safford Golf Course and Parks and Open Spaces. The Safford Golf Course water is treated effluent, supplied by the City of Safford Water Reclamation Plant. The Water for Parks and Open Spaces is served by private wells.

     The industrial water demand total for Greenlee County was calculated by adding the water demand numbers for the dairy and the estimated water demand for the mine. The dairy’s water demand was calculated by multiplying the number of cattle at the dairy (which was supplied by the Duncan Town Manager), by the average number of gallons of water a dairy uses per animal per year (38,325). This takes into account water used for the dairy itself as well as the water consumed by the dairy cattle. The water demand for the Phelps Dodge mine in Morenci was obtained from the Gila Water Commissioner. 

Water Demand Projections

     All municipal and industrial water demand projections were based upon POPTAC growth projections. Agricultural projections were estimated by Dr. Randall Norton, Graham County Cooperative Extension Agent. 

Irrigation of Urban Lands with Decreed Water

     Many property owners within the incorporated cities and towns in the initial study area have decreed water rights and receive their water from the Gila Valley Irrigation District. Calculations in this report are based on usage figures from the Gila Valley Irrigation District. The Duncan Valley (Franklin Irrigation District) usage figures are assumed to be the same because of the similarity of agricultural use and are incorporated in the GVID figures. Some property owners continue to water lawns and gardens with this irrigation water.  The water is supplied to the lots in the urban areas through a system of ditches and culverts often within existing street right of ways.  The cities and towns provide some assistance to maintain these ditches, but the private property owners provide the majority of the maintenance.

     Often as new owners purchase property with irrigation rights, they may not wish to use irrigation water and ditches are no longer maintained.  The area subject to these rights varies from town to town.  In the City of Safford, the area is approximately 160 acres.  These properties receive approximately 4 feet of water per year per acre through the irrigation system.

     In some subdivisions, developers have transferred irrigation rights to the cities through a legal document. Due to legal issues, it is often difficult for the cities to use or transfer these irrigation rights to other properties. It is also difficult to utilize these rights for drinking water. This issue should be explored further in the study of water supply in the Water Plan.

Agricultural Demand

The agricultural demand was determined by Dr. Randall Norton, Graham County Cooperative Extension Agent.  Agricultural demand for both farming and livestock is being projected as being relatively constant or showing only a slight increase (less than one percent per year, on average) for the years between 2000 and 2050.  These are highly sensitive issues for the local landowners, as there is a rich agricultural heritage in the area considered by the study.  There are significant differences in historical, current and projected land uses between the Gila and the Duncan/Virden Valleys (which have previously been discussed).  Factors that affect projected agricultural demand (farming and livestock) are as follows:

· Upper Gila River Water Rights settlement issues (The Arizona Indian Water Rights Settlement legislation introduced by Senator Jon is currently being considered by Congress)

· Transfer of lands from agricultural to Municipal and Industrial (M&I) use, primarily in the Gila Valley

· Adverse climate conditions and the length of the current drought

· Changes from traditional to more profitable and use-specific crops (specialized pharmaceutical crops and/or farm-fed beef, for example)

· Environmental concerns that affect land-use

· Farm to market transport and other conditions that affect the international, regional and local commodity prices and demand

· Changes in diet and demand for meat, particularly beef

· Changes in Federally-permitted land uses (grazing and other BLM issues)

· Aquaculture uses that are a more efficient use of the land (seafood) 

· Population growth, particularly in the Gila Valley communities

· Fewer farms being passed form generation to generation

· Inability of smaller farms and ranches to support agriculturally-based families



Irrigation Requirements in the Upper Gila River Valley

Report prepared by Faculty at the University of Arizona. Contributing Faculty: 

Dr. Randall Norton, Agricultural Agent, Graham County Cooperative Extension, Dr. Jeffrey C. Silvertooth, Professor and Head of the Soil, Water and Environmental Science Department, Dr. Lee Clark, Director of the Safford Agricultural Center, Dr. Paul Brown, Biometeorologist, Department of Soil, Water and Environmental Science, Dr. Ed Martin, Irrigation Engineer, Department of Agricultural and Biosystems Engineering, Barbara Tellman, Water Resource and Research Center, Department of Soil, Water and Environmental Science

     The Upper Gila River Valley is an important agricultural area, as exemplified by the Safford Valley in Graham County, Arizona.  Major crops grown in this area include cotton, wheat, barley, corn, and alfalfa.  This portion of the Gila River Valley represents one of the major agricultural areas in Arizona.  Crop production systems represent an important foundation to the local economy in the area and contribute significantly to the overall agricultural production base in Arizona.  Irrigation water utilized for the production of these crops is drawn from diversions from the Gila River and well fields within the Valley.  Due to the finite limits of the water available in this area the distribution and allocation of water for agricultural purposes is a matter of contention.

     The Gila Valley Irrigation District (GVID) is considered representative of the entire study area in this report because of its homogeneity; that is, the Globe Equity Decree covers the District completely; the District lies in one state, one county and covers all of the canal companies in the area.  

      On the other hand, the Duncan, York and Virden Valleys in Arizona and New Mexico are a much more complex issue.  The Globe Equity Decree of 1935 covers all of their farmland from the Greenlee County line upstream into and including the Virden Valley in New Mexico (but not the Red Rock, NM area).  

     Included in these decreed lands are a number of canal companies, three of which begin in New Mexico and cross the Arizona/New Mexico state line to irrigate acreage in both states. 

      In addition, the Franklin Irrigation District, an Arizona Special District lying only with the boundaries of the State of Arizona, has carried the burden of defending the current Globe Equity Decree water litigation.  They are seen as a representative of virtually all of the agricultural lands in the Duncan and Virden portions of the Upper Gila valley. 

      There are also numerous irrigation wells in Arizona and New Mexico that variously belong to private landowners, the Franklin Irrigation District and/or the canal companies and which irrigate both Arizona and New Mexico and decreed and non-decreed lands, further complicating the situation. 

      Full information is available through the Gila Water Commissioner and other records; however, this report uses the GVID as representative because of the complexities in and around the Arizona/New Mexico state line. 

     The following is a report prepared by a group of faculty from the University of Arizona College of Agriculture and Life Sciences in an effort to summarize basic facts associated with agricultural production systems and water use.  The Gila Valley Irrigation District (GVID) in the Safford Valley is used in this case as a significant and representative segment of the crop production systems in this area, so the other irrigated areas in this valley and the irrigated portions of the Duncan/Virden Valley are only mentioned incidentally in this report.  This report summarizes the general nature of the Upper Gila Valley watershed, relative proportions of the various crops grown, irrigation systems that are common to the area, consumptive use estimates for the crops grown in this region, crop irrigation requirements, economic impact, and other considerations important to the management of irrigation water.

Summary

     The Gila Valley Irrigation District (GVID) is made up of 11 canal companies that obtain water from the Gila River and from wells located along the canal systems.  The main distribution system consists of a series of unlined, earthen canals that are subject to significant seepage losses. The predominant method of providing irrigation water to the crops is by surface flood or furrow irrigation systems.  The average irrigated area in the GVID is 30,445 acres consisting of 28,335 decreed acres and 2,110 non-decreed acres. Agriculture is one of the major contributors to the economy of Graham County providing approximately 30% of the economy. 

Results of this study indicate a total crop demand of approximately 197,598 acre-feet (af).  The in-field irrigation efficiencies common in the Safford Valley are very much in line with similar systems in other agricultural areas of Arizona and this region.  However, the overall irrigation efficiencies are in the mid to low 40’s due in part to the inefficiency of the network of canals and water distribution systems in the valley and the highly variable flow and quality of the Gila River.  Salinity, slope in the fields and lack of soil texture uniformity across fields also decrease the overall irrigation system efficiency.

Water Supplies and Use in the Upper and Middle Gila River Basins
Surface water

     The Gila River originates in the high mountains of New Mexico and flows west towards the Colorado River.   The watershed of the upper portion of the river drains a total of 12,890 square miles in both states.  Before 1900, the river flowed perennially through most of its length with heaviest flows in the spring due to snowmelt in the mountains.  There was enormous variability of flow in the river leading to severe flooding alternating with periods of very low flow.  In the late 1800s and early 1900s flooding was a serious problem along parts of the river, especially from Duncan to Florence and all the way to the Colorado River.  

     The flow in the Gila River is highly variable.  (Table 1 and Figures 1 and 2)  The quality of water in the Gila River varies spatially and temporally as it flows through the valley.  Salinity is a serious quality problem, especially in drought years, and adequate leaching is required for sustainable agricultural production.  In high flow events, after heavy rainfall, the salinity is decreased, but sediment and debris become the quality issue.  Irrigation is from a wild and unpredictable river; there is no control of flow rates or timely availability.  At times the sediment content is such that only 64% of the measured flow is actually water; the remainder (36%) is silt!
Dams

     Coolidge Dam and San Carlos Lake were constructed in 1928 to store water for irrigation of the San Carlos Irrigation Project.  Water supply studies originally prepared for the San Carlos Irrigation Project overestimated the amount of surface water available for storage in the reservoir. As a result, the surface water supply has never been adequate for irrigation of all of the project lands 

     The water level in the lake fluctuates greatly depending on the rainfall and river flows.  Figure 3 shows the low water pool in various years.  The amount of water ranges from zero to more than 300,000 acre-feet.

River Diversions

     The Gila Valley Irrigation District is the largest irrigation district in the Upper Gila River system.  It is comprised of eleven canal companies, each independently operated and managed.  They have a total of approximately 90 miles of unlined, earthen distribution canals.  Seepage losses from these canals reduce the overall efficiency of the system by returning water to the aquifer via deep percolation.  The canals are each equipped with a Parshall measuring flume.  

Flume measurements are telemetered throughout the day to the office of the Gila Water Commissioner.  


Records of the Gila Valley Irrigation District indicate the average acres irrigated in the 1997 to 2000 period was 30,444.72 acres.  This was made up of 28,334.98 acres of decreed land and 2109.74 acres of non-decreed land.

     The following tables are presented to show the variability of the river flow and the need for pumped water to supply crop needs when the river flow is low. The bottom line of Table 2 indicates the use of around 200,000 acre feet of water to satisfy crop needs in the Gila Valley Irrigation District.  In dry years wells provide the majority of the crop needs.

     The overall efficiency of the irrigation system in the Safford Valley is low, in the mid to low 40’s.  Irrigation from a “wild river” is a contributing factor.  Unlined distribution canals suffer large losses.  The decree-limited diversion rate (1/80 cfs/acre) is further reduced by these losses to an estimate of about 4 gpm/acre delivered to the farms.

     Characteristically low flow in the Gila River, especially during the peak crop water use months, makes pumping essential for survival of irrigated agriculture.  Pumping is used to make up the deficit between available river water and crop water requirements.   Therefore, consumptive use estimates are important.  In the context of this system, it may be considered that water diverted or pumped in excess of consumptive use requirements is quickly returned to the river hydrologic system (return flow).

     The Gila River is heavily utilized and appropriated for agriculture and irrigation uses in the Safford area.  Farmers there typically divert about 3 acre-feet of water per irrigated acre (on average) for this purpose.  An additional 3 acre-feet per acre is withdrawn from local groundwater sources to supplement surface water supplies.  

     The river water quality is superior to groundwater for agriculture.  Although the river water is heavily laden with fine suspended sediments, the groundwater tends toward high levels of salinity.  Sediment loads make mechanical irrigation (side roll, center pivot, drip) difficult and expensive.  Water intended for use in mechanical systems is routinely filtered, but excessive internal abrasion on mechanical systems will still result.  

     Using saline groundwater supplies for farming carries risk as well.  The soils in this area carry some natural levels of salt, which when not leached below the root zone, can cause decreased crop yields along with negative changes in soil chemistry.  The introduction of saline groundwater into these soils can exacerbate this situation if this water is not carefully leached beyond the root zones. 

Consumptive Use of Major Crops in Gila River Valley Near Safford, Arizona 

     The consumptive use (CU) of crops commonly grown in the Gila River Valley was computed using the reference evapotranspiration (ETo) approach (Allen et al., 1998 and Erie et al., 1981) with local meteorological data and crop- specific factors to estimate CU.

     The ETo procedure utilizes the Penman Monteith Equation to estimate the daily evapotranspiration (water lost from vegetation through plant water use and soil evaporation) of a grass reference surface (ETo).  The CU of specific crops is then determined by multiplying crop-specific coefficients (Kc) by ETo.  

The Kc values adjust for differences in CU between the crop in question and the grass reference.  Meteorological data required for the ETo procedure include solar radiation, air temperature, relative humidity, and wind speed.  Consumptive use estimates for cotton, corn, small grains, and alfalfa are summarized in Table 5.

Crop Production and Crop Water Use in the Upper Gila Valley 

     The number of acres irrigated are reported by the various irrigation districts to the Gila Water Commissioner office, but the crop acres must be found from other sources.  The Farm Services Agency (FSA) lists all the acres by crops that are being grown under Federal programs.   Those crops being grown outside of the Government programs must be found by surveying, farmers, cotton gins and other knowledgeable persons in farming community.  National Agricultural Statistics Service (NASS) also provides another source of statistical data on crops grown and acreages in the Safford Valley.  All of these sources were used in developing tables of the crops being grown in the Safford Valley and in the Duncan/Virden Valley.  The results of these searches are found in Tables 6 and 7 for Safford and Duncan/Virden valleys, respectively.  Since the focus of this report is the Gila Valley Irrigation District (GVID), Appendix 1 was modified to subtract out the irrigated crop land in the Safford Valley that does not fall within the boundaries of the GVID.  Each crop acre listed in the Appendices was then multiplied by the consumptive use (CU) values listed in Table 5 or calculated from Erie's data (Erie et.al., 1981)  to determine the crop need and then divided by the overall system  efficiency to determine how much water needed to be applied to the field to produce a good crop.  This data generated the need for 197,548 acre feet of water in the GVID and an additional 54,549 acre feet in the Duncan/Virden valleys. 

     Research has not been done to determine efficiencies in the GVID irrigation system, so efficiency values are estimated from what is commonly seen in the Upper Gila Valley.  A value of 57% is used for the deeper rooting crops and 50% is used for shallow rooted crops where increased irrigation frequency leads to decreased efficiencies.  It is understood that not all farmers are able to achieve these levels of efficiencies because of local conditions such as extreme saltiness of soil or water source, steeply sloping fields or lack of soil texture uniformity across fields.  

Irrigation Efficiency

     Irrigation efficiency is a function of both the type of system used and the management of the system.  Irrigation efficiency is defined as the amount of beneficially used water divided by the amount of water applied.  Beneficial uses include water used for crop growth, frost protection, soil cooling or leaching of salts.  This type of irrigation efficiency is often used to describe the efficiency of a single field.  There are many other factors that contribute to an overall efficiency.  One of which is the system of water delivery to the field.

The System

     System considerations can range from that of the entire irrigation system in the area, including the canals that carry the water from the diversion points to the irrigated fields; to the actual systems of irrigation employed in the field.  One of the inherent problems associated with irrigation in the Safford Valley is that of the canal and water distribution systems that are in place.  Most of the main canals are unlined, earthen canals.  It is reasonable to assume that large amounts of water are lost due to seepage from these canals before the water is diverted into the agricultural fields.  One of the potential areas of development toward improving the overall irrigation efficiencies in this valley would be through the improvement of the main water delivery systems.

     The other form of system consideration regarding irrigation “systems” is at the field level. Although management plays a large role in determining irrigation efficiency, the type of irrigation system used can be limiting itself.  The least efficient type of irrigation system is surface irrigation.

     In the Gila Valley area, the predominant type of system employed is surface.  Efficiencies for surface irrigation systems typically range from a low of 55 to a high of 87.  Early in the season, only a small amount of water is required by the crop but the minimum amount of water that can be applied is large, thus early season efficiencies are very low.  As the plants grow, they require more water and the surface system then becomes more efficient.  Other systems, such as sprinkler and drip can apply lower amounts of water and therefore are fairly constant in their efficiency throughout the season.  In Gila Valley, some of the furrow irrigation is performed with reuse, i.e., the water that runs off the end of the field is used downstream to irrigate another field.  This reuse complicates the calculation for efficiency but normally will improve efficiencies, depending on how the excess water is used.

System Types

     One way to improve irrigation efficiency is to employ the use of a more efficient type of system.  Compared to the surface systems presently used in the Gila Valley, the farmers would have three choices:  1. Utilize a more improved surface system; 2. Utilize Sprinkler system; 3. Utilize a drip system.

     One of the most efficient surface systems is the level basin system.  This system uses the hydraulics and slope (or lack thereof) to irrigate the entire field instantaneously.  Although this instantaneous irrigation is only theoretical, the level basin system does normally allow the grower to irrigate a large area fairly fast and with good efficiency.  However, in order to take complete advantage of this type of system, the field must be level in both directions.  Furthermore, the water flow into the field should be kept high, normally at 10 cubic feet per second (cfs) or higher.  In the Gila Valley, the leveling of fields is often difficult as previously mentioned.  Furthermore, the flow rates commonly carried in the farm ditches are well below 10 cfs.  Therefore, even with fields that could be leveled, new ditches would need to be installed to carry higher flows.

     Both sprinkler and drip systems offer growers in the Gila Valley an alternative to increase their irrigation efficiency.  However, costs to implement these systems may well be out-of-reach for many growers.  Typically, sprinkler and drip systems cost anywhere from $800-$2000 per acre to install.  

Sprinkler systems can achieve high efficiencies but do require power for the pump and a relatively clean water source.  Although sprinkler systems do not plug as much as some drip systems, substantial filtration may be required is the sediment load is too high in the water.  In the Gila Valley, this sediment load varies but is often quite high making the application of sprinkler irrigation questionable without additional filtration.

     For drip irrigation, the water must be very clean or it will clog the system.  Like sprinkler systems, drip systems can achieve very high efficiencies.  For most drip tape systems, if the efficiency drops below 90%, the system is thought to be inadequate.  Once again, the quality of water and lack of dependable delivery in the Gila Valley make drip irrigation a challenging solution.  

Table 1.  Flow statistics, Gila River System.
	Flow
	Gila River, near Blue Creek (above Duncan-Virden)
	San Francisco River, Clifton
	Gila River , Head of Safford

	Annual average, af
	154,100
	163,000
	141,600

	Mean annual flow, cfs
	213
	225
	471

	Median annual flow, cfs
	93
	76
	179

	Minimum day, cfs
	2
	6
	13

	High day, cfs
	33,100
	52,200
	90,000


Source:  USGS Water Resources Data, Arizona, Water Year 1999 

Table 2.  Annual GVID Water Supply in acre feet.

	Source
	Diversion Type
	Average
	Median
	Minimum

	Gila River
	Priority
	44,066
	39,677
	12,075

	Gila River 
	Apportionment
	53,374
	51,195
	9,507

	
	Potential Apportionment
	144,060
	192,504


	13,330

	Pumped
	
	105,440
	100,000
	213,000 (maximum)

	Total
	
	202,879
	190,872
	Na


Sources:  Annual Reports of the Gila Water Commissioner, USGS 

Table 3.  Peak Season Monthly GVID Diversions from Gila River (some dry years) in acre feet.

	Year
	June
	July
	August
	3-Mo. Total

	1977
	585
	2,935
	6,395
	9,915

	1956
	1,123
	3,663
	8,457
	12,943

	1994
	5,861
	2,677
	2,086
	13,624


Source: Annual Reports of the Gila Water Commissioner

Table 4.  Annual Total Diversions from Gila River (some dry years) in acre feet.

	Year
	Total (af)

	1951
	26,389

	1977
	31,329

	1961
	35,814

	1971
	38,514

	1953
	39,342

	1948
	39,848


Source: Annual Reports of the Gila Water Commissioner

Table 5.  Consumptive use of water by cotton, corn, small grains, and alfalfa computed for

the Gila River Valley near Safford, AZ using the reference evapotranspiration (ETo) procedure.

	Crop
	Consumptive Use (inches)

	Cotton
	34.2

	Corn
	34.3

	Small Grains
	26.6

	Alfalfa
	66.7
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Figure 1.  Gila River flow near Solomon and Safford Valley diversions from 1936 to 1999. (USGS Water Resources Data, Arizona)
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Figure 2. Monthly flow rates in the Gila River (means and minimum flows) in cubic feet per second (CFS) from 1922 to 1999 (USGS Water Resources Data, Arizona).
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Figure 3.  The low-water pool levels in San Carlos Reservoir.  The flow is highly variable

Table 6.  Acres irrigated using Gila River water or well water in the Safford Valley,2000.

	Crop                         
	FSA Acres     
	Non FSA Acres
	Consumptive Use (inches)
	Field Efficiency    (%)1
	System Efficiency (%)
	Water use (acre feet)

	Upland Cotton
	23,490.5
	1557.5
	34.2
	57
	45.6
	156,550

	Pima Cotton
	566.7
	406.3
	34.2
	57
	45.6
	6,081

	Wheat
	194.0
	
	26.6
	45
	40
	1,075

	Barley
	1,109.0
	
	26.6
	45
	40
	6,146

	Oats
	108.3
	
	26.6
	45
	40
	600

	Corn
	1,221.1
	
	34.3
	45
	40
	8,726

	Triticale
	10.0
	
	26.6
	45
	40
	55

	Milo
	169.2
	
	23.3
	60
	45.6
	720

	Alfalfa
	1,463.1
	377
	66.7
	60
	45.6
	22,430

	Sweet Corn
	3.8
	
	18
	45
	40
	14

	Peppers
	120.0
	
	30
	45
	40
	750

	Fruit Trees
	420.2
	
	36
	60
	45.6
	2,764

	Other Vegetables
	14.2
	
	20
	45
	40
	59

	Fallow2
	2,451.4
	30
	34.2
	60
	45.6
	15,509

	Pastures
	303.4
	
	60
	60
	45.6
	3,327

	Other Crops
	935.4
	
	34
	60
	45.6
	5,812

	Urban Gardening
	
	1050
	40.3
	60
	45.6
	7,733

	    Totals
	32,580.3
	3420.8
	
	
	Wtd avg 45.2
	238,351

	Crops produced in the Gila River corridor but outside the GVID

	Cotton
	2,059.9
	432
	34.2
	60
	45.6
	15,574

	Alfalfa
	673.7
	377
	66.7
	60
	45.6
	12,807

	Fallow/Other
	1,949.5
	30
	34.2
	60
	45.6
	12,371

	     Subtotal
	4,683.1
	839
	
	
	Wtd avg 45.6
	40,754

	     GVID 
	27,897.2
	2581.8
	
	
	
	197,598


1.  The Efficiency values used are estimates of what is commonly seen in the Gila Valley as it runs through the Safford area.  A value of 57% is used for the deeper rooting crops and 50% is used for shallow rooted crops where increased irrigation frequency leads to decreased efficiencies.  It is understood that not all farmers are able to achieve these levels of efficiencies because of local conditions such as extreme saltiness of soil or water source, or steeply sloping fields.

2. Not planted due to planned crop rotation and other factors, but considered as planted.

Table 7.  Acres irrigated using Gila River water or well water in the Duncan/Virden Valley, 2000.
	Crop                              
	AZ+NM FSA Acres
	Non-FSA Crop Acres
	Consumptive Use (inches)
	Field Efficiency   (%)1
	System Efficiency (%)
	   Water use       (acre feet)

	Cotton
	1235.9
	0
	33
	57
	45.6
	7,453

	Wheat
	   18.8
	0
	24
	50
	40
	94

	Barley
	 164.5
	0
	24
	50
	40
	823

	Oats
	611 
	32
	24
	50
	4
	3,215

	Corn
	 454.9
	402
	30
	50
	40
	5,356

	Beans
	0
	0
	19
	57
	45.6
	0

	Milo
	265.4
	0
	22
	57
	45.6
	1,067

	Alfalfa
	925.2
	155
	65
	57
	45.6
	12,831

	Sweet Corn
	    2.8
	0
	17
	50
	40
	10

	Peppers
	  54.2
	0
	28
	57
	45.6
	316

	Fruit/Nut Trees
	0
	64
	34
	57
	45.6
	398

	Other Vegetables
	163.6
	0
	18
	50
	40
	614

	Fallow2
	342.9
	0
	33
	57
	45.6
	2,068

	Pastures
	788.3
	884.6
	58
	57
	45.6
	17,732

	Other Crops
	172.4
	166.13
	33
	57
	45.6
	2,042

	Urban Gardening
	0
	76
	38.3
	57
	45.6
	532

	   Totals
	5199.9
	1779.73
	
	
	Wtd avg 44.1
	54,549


1. The Efficiency values used are estimates of what is commonly seen in the Gila Valley as it runs through the Duncan/Virden area.  A value of 57% is used for the deeper rooting crops and 50% is used for shallow rooted crops where increased irrigation frequency leads to decreased efficiencies.  It is understood that not all farmers are able to achieve these levels of efficiencies because of local conditions such as extreme saltiness of soil or water source, or steeply sloping fields.

2.  Not planted due to planned crop rotation and other factors, but considered as planted.

References and Sources for Current and Projected Population through Year 2050

Apache County population estimates were calculated with the assistance of Marney Uhl, the Director of the Springerville Chamber of Commerce and Violet Sandler, a waitress at the Bear Wallow Café in Alpine. 

Cochise County population estimates were provided by Mark Apel, Senior Planner, Cochise County Planning and Zoning     

Gila County population estimates were calculated with the assistance of Bill Leister, with the Central Arizona Association of Governments (CAAG).     

Pinal County population estimates within the Upper Gila Watershed of Arizona were calculated with the assistance of Bill Leister with the Central Arizona Association of Governments (CAAG), and Mr. Don Miller, Ms. Eva Pounds, Ms. Helen Gatlin and one unnamed resident. 

References and Sources for Irrigation Requirements in the Upper Gila River Valley 

USGS web site www.usgs.gov

ADWR web site  www.water.az.gov
The Gila Basin and the waters of southern Arizona.  A guide to decision making.  1991.   Western Network, Santa Fe.

Allen, R. G., L.S. Pereira, D. Raes, and M. Smith. 1998.  Crop evapotranspiration.  Guidelines for computing crop water requirements.  Irrigation and Drainage Paper No. 56.  Food and Agricultural Organization.  United Nations.  Rome, Italy.

Erie, L.J., O.F. French, D.A. Bucks, and K. Harris. 1981.  Consumptive use of water by major crops in the southwestern United States.  Conservation Research Report No. 29.  United States Department of Agriculture.

Harris, Raymond C.  2000.  Tritium as a tracer of groundwater sources and movement in the Safford basin, Graham  County, Arizona.  Open-File Report 00-09, Arizona Geological Survey.
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Task 2. Current and Projected Municipal, Industrial and Agricultural Water Demands for the Upper Gila Watershed through Year 2050, in Acre-feet.�
�
�
�
�
�
�
�
�
�
�
GRAHAM COUNTY �
YEAR 2000�
YEAR 2010�
YEAR 2020�
YEAR 2030�
YEAR 2040�
YEAR 2050�
�
Municipal Demand:�
�
�
�
�
�
�
�
1 Gila Resources Residential�
2,580�
3,191�
3,715�
4,202�
4,651�
5,070�
�
2 Graham County Utilities Residential�
340�
396�
447�
506�
560�
610�
�
3 Eden Water Company�
49�
57�
64�
73�
81�
88�
�
11 Ash Creek Water Co.�
32�
34�
36�
39�
41�
44�
�
4 Private Well Use�
3,124�
3,864�
4,498�
5,088�
5,632�
6,139�
�
Total Municipal Demand�
6,125�
7,542�
8,761�
9,907�
10,965�
11,950�
�
Industrial Demand:�
�
�
�
�
�
�
�
Gila Resources Industrial �
1,256�
1,553�
1,808�
2,045�
2,264�
2,468�
�
Graham County Utilities Industrial�
50�
62�
72�
82�
90�
98�
�
5 Safford Golf Course�
588�
588�
588�
928�
1,228�
1,228�
�
6 Parks and Open Spaces Served by Wells�
1,054�
1,304�
1,518�
1,716�
1,900�
2,071�
�
Total Industrial Demand�
2,948�
3,507�
3,986�
4,771�
5,482�
5,865�
�
7 Agricultural Demand:�
 �
 �
 �
 �
 �
 �
�
Farming�
197,598�
201,401�
205,277�
209,227�
213,254�
217,358�
�
Livestock�
555�
566�
577�
588�
599�
611�
�
Total Agricultural Demand�
198,153�
201,966�
205,853�
209,815�
213,853�
217,968�
�
�
�
�
�
�
�
�
�
GREENLEE COUNTY�
 �
 �
 �
 �
 �
 �
�
Municipal Demand:�
�
�
�
�
�
�
�
8 Duncan Valley�
232�
248�
265�
284�
300�
318�
�
9 Loma Linda Verde Lee Water Co.�
44�
47�
50�
54�
57�
60�
�
10 Verde Lee Water Co.�
69�
74�
79�
84�
89�
95�
�
12 Morenci Water Co. �
1,043�
1,114�
1,191�
1,274�
1,349�
1,428�
�
13 Private Well Use�
86�
91�
98�
105�
111�
117�
�
Total Municipal Demand�
1,473�
1,575�
1,684�
1,800�
1,906�
2,018�
�
Industrial Demand:�
 �
 �
 �
 �
 �
 �
�
14 Dairy (600 head)�
71�
75�
81�
86�
91�
97�
�
15 Phelps Dodge Mining Co.�
13,000�
13,000�
13,000�
13,000�
13,000�
13,000�
�
Total Industrial Demand�
13,071�
13,075�
13,081�
13,086�
13,091�
13,097�
�
7 Agricultural Demand:�
 �
 �
 �
 �
 �
 �
�
Farming�
54,549�
55,599�
56,669�
57,759�
58,871�
60,004�
�
Livestock�
213�
217�
221�
226�
230�
234�
�
Total Agricultural Demand�
54,762�
55,816�
56,890�
57,985�
59,101�
60,238�
�
 �
 �
 �
 �
 �
 �
 �
�
Total Municipal - Graham and Greenlee �
7,598�
9,117�
10,445�
11,707�
12,871�
13,969�
�
Total Industrial - Graham and Greenlee�
16,018�
16,583�
17,067�
17,857�
18,574�
18,962�
�
Total Agricultural - Graham and Greenlee�
252,915�
257,782�
262,743�
267,800�
272,954�
278,207�
�
 �
 �
 �
 �
 �
 �
 �
�
Total Municipal, Industrial, and Agricultural�
276,531�
283,482�
290,255�
297,364�
304,398�
311,137�
�
�
�
�
�
�
�
�
�
1 Gila Resources figures reported by Gila Resources�
�
2 Graham County Utilities reported by Graham County Utilities�
�
3 Eden Water Company figures taken from the Arizona Corporation Commission Report�
�
4 Private wells calculated by subtracting population served by water companies, and multiplying by 200 GPCD, and 365.�
�
5 Safford Golf Course figures supplied by the City of Safford Public Works Dept, reflect 9 holes added in 2020 and 2040. �
�
6 Parks and Open Spaces figures supplied by the City of Safford Public Works Dept.�
�
7 Agricultural figures calculated by the Graham County Cooperative Extension Agricultural Agent�
�
8 Duncan Valley figures supplied by Duncan Town Manager�
�
9 Loma Linda Water Company figures supplied by Bevan Barney�
�
10 Verde Lee Water Company figures taken from the Arizona Corporation Commission Report�
�
11 Ash Creek Water Company figures supplied by Bevan Barney�
�
12 Morenci water and electric figures taken from the Arizona Corporation Commission Report�
�
13 Private wells calculated by subtracting the population served by water companies, and multiplied remainder by 200 GPCD, and 365.�
�
14 Dairy figures supplied by Duncan Town Manager�
�
15 Phelps Dodge Mining Company figures supplied by the Gila Water Commissioner�
�
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