ARIZONA WATER BANKING AUTHORITY

Indian Firming Technical Committee

Staff Recommendations for Estimated Firming Volume

Objective

Identification of an estimated volume of stored water required to meet the State of Arizona’s (State) potential “firming” obligation for non-Indian agricultural (NIA) Central Arizona Project (CAP) water that is proposed for reallocation under the Arizona Water Settlements Act (Act).

Recommendation

Staff has reviewed the analyses conducted by ADWR of projected CAP water supply availability and the impact to the reallocated NIA priority CAP supply for the next 100 years.  Based on the analyses, staff recommends that the State store between 508 KAF and 601 KAF acre-feet of water for future recovery.  

Background

Section 105 of the 2003 Arizona Water Settlements Act (S. 437), titled “Firming of Central Arizona Project Indian Water”, authorizes the Secretary of the Interior (Secretary) and the State to develop a firming program for 60,648 acre-feet of agricultural priority water that is to be made available for re-allocation to Indian tribes.  That water shall, for a 100 year period, be delivered during water shortages in the same manner as M&I priority CAP water.  NIA priority water has the low priority on the CAP system, in times of shortage this supply would be reduced or eliminated before M&I and Indian supplies are impacted.  Therefore, in the case of reallocating NIA water to the Tribes, the parties to the Settlement agreed to increase the reliability (firm) of this block of NIA priority water.

The Settlements Act identifies specific firming responsibilities for the Secretary and for the State.  Of the 60,648 acre feet, the Secretary has responsibility for 28,200 acre-feet, as required by the Southern Arizona Water Rights Settlement Act, and the State agreed to firm 15,000 acre-feet toward the Gila River Indian Community (GRIC) settlement.  Responsibility for the remaining 17,447 acre-feet, which is to be dedicated for future Indian settlements, was divided equally (8,724 acre-feet each) between the Secretary and the State.  Therefore, the State’s responsibility under this program is 23,724 acre-feet.  

The State has undertaken a process to identify the volume of water that would need to be stored to improve the reliability of (or firm) its portion of the NIA priority water.  To meet this objective, ADWR utilized the annual Colorado River System Simulation model, known as “CRSSez,” to estimate the probability of shortage on the Colorado River system.  The CRSSez model was developed by the United States Bureau of Reclamation in 1991 to simulate annual operations of Lake Powell and Lake Mead for use in planning studies.  It is a tool that allows planners to input different system operating variables and evaluate the effects on future Colorado River supplies.  The CRSSez model iteratively runs, and then averages, a number of hydrologic “traces” that are based upon historic hydrologic records. The number of traces for each year of the planning period is therefore dependent on the duration of the record utilized.  The model output quantifies the estimated Priority 4
 water delivered to Arizona and the probability of normal, shortage and surplus for each year in the 100-year projection period.  The output (the probabilities of shortage and the amount of Priority 4 water available) from the CRSSez model is then input into a shortage calculation spreadsheet that estimates the volume of future shortages and thus the associated firming obligation.  

The CRSSez model has a number of variables that can be user specified, but generally are based on historic or projected data.  Table 1 provides a brief description of the model inputs that are used in developing the estimate for water availability to Arizona.  The shortage calculation spreadsheet also has parameters that can be specified by the user.  Those parameters include annual projected demand for CAP water by M&I uses, Indian uses, non-Indian agricultural uses, and the obligations of the Central Arizona Groundwater Replenishment District.  

In order to estimate the volume needed to meet the firming obligations under the Arizona Water Settlement Act, ADWR staff began by analyzing approximately 200 combinations of the CRSSez model variables identified in Table 1.  Table 2 describes a few of the combinations used to estimate the water available for delivery to Arizona for the next 100 years.  The input variables chosen represented a wide range of possible operational conditions—from the most conservative to the most optimistic—including input parameters that form a reasonable basis for further analysis and decision-making.  All of the analyses used January 1, 2003 reservoir levels at Lake Mead and Lake Powell and assumed full utilization by Mexico of its entitlement under the Mexican Water Treaty (1.5 MAF during normal and shortage years and 1.7 MAF during surplus years).  The model results using these parameters were then input into the shortage calculation spreadsheet, that assumed a constant normal year annual demand for CAP water of 1.49 million acre-feet for the projection period (2003 to 2103).

Table 1.  CRSSez Model Input Variables and Descriptions

	Input Variable
	Description of Input Variable

	Hydrology
	The model uses a period of historic hydrology that can be selected by the user.  The available hydrologic data is 1906-2002. The start year can be any year in this period and any portion(s) of the historic hydrology can be utilized. 

	Lower Basin Demand Projections
	This is a demand schedule developed in 1997 by the ADWR and CAP.  ADWR and CAP are currently working on updating the projected consumptive uses for on-river uses and for CAP users.  Current runs project full utilization of allocation by the Lower Basin states.

	Upper Basin Demand Schedules
	This is the total quantity of demand for the Upper Basin starting at the current demand and building up to a specified demand level.  Current demand in the Upper Basin is approximately 4.1 MAF.  Build-out demands in the Upper Basin have been estimated using current demand, limited Upper Basin build-out at 4.8MAF, and a maximum build-out demand of 5.4 MAF.  

	Reservoir Elevations
	Reservoir elevations are input for the 5 Upper Basin reservoirs and Lakes Mead and Powell.  The user can select any reservoir elevation desired as a starting point for projecting, however, current reservoir elevations are typically utilized.

	Surplus strategy
	The surplus strategy utilized is one that will avoid spills in the system.  Due to the Interim Surplus Guidelines (ISG) there are now two options.  In both, Lake Mead elevations are used to determine if a spill could occur in that year.  If so, a surplus year is declared and extra water can be made available to the Lower Basin States.

	Mexico Delivery
	Deliveries to Mexico can be set at any level.  Most model runs done to date have set Mexican deliveries to 1.5 million acre feet pursuant to the Treaty.  Additional water can be identified as delivered to Mexico in times of surplus or flood control releases but is limited to 200 KAF.

	Operation of the Yuma 

Desalinization Plant (“Yuma Desalter”)
	This variable is essentially an “on” or “off” selection.  The variable can be turned on at any point within the span of the model run, i.e. begin operation of Yuma Desalter in 2009.

	Lake Mead Shortage Protection Elevation
	The strategy involves selecting a specific Lake Mead elevation and then protecting against dropping below that elevation.  The probability of achieving that protection is also user selected.  Values used for this analysis include 915 feet; 1,000 feet; 1,050 feet; and 1,083 feet.  Elevation 1,000 and 1,050 feet are the lake elevation of the Southern Nevada Water system intakes. The probability of achieving this protection is then expressed in percentage of occurrence.   

	Arizona Shortage Delivery
	This variable is set based on the total amount of water that will be available to all Arizona Colorado River water users when a shortage declaration is made on the Colorado system.  Two values have been modeled for this purpose: 1) delivery of 2.3 MAF to Arizona users during shortages (i.e., 500KAF shortage), and 2) delivery of 2.0 MAF to Arizona users during shortages (i.e., 800KAF shortage).  It should be noted that there is not currently an established minimum or maximum volume that may be used by the Bureau in these events and the values that have been used are simply planning numbers.  

	Lake Mead Minimum Elevation
	This variable is an elevation; any value could be input.  Two are commonly used in current analyses, (1) 1,000 feet, which is the minimum elevation from which Southern Nevada can withdraw water, and (2) 915 feet, which is the minimum elevation for releases through the dam.  

	CAP Shortage Sharing Method
	On-River users would share shortage at an equal percentage with CAP.  The shortage sharing method described in the Gila River Indian Community Water Rights Settlement Agreement between CAP Indian and M&I uses has been used for these purposes.  


Table 2.  Indian Firming Scenarios

	Scenario


	Surplus Strategy
	Shortage Strategy
	Min. Lake Mead Elev.
	Upper Basin Demand
	YDP Operation
	Shortage to CAP
	Est. Firming Req.
	Est. Storage Req.**

	1 

“USBR EIS Scenario”
	ISG
	Protect to Elevation 1083’
	1000’
	5.4MAF
	Begin Operation in 2030
	500KAF
	103KAF
	108KAF

	2
	70R
	Protect to Elevation 1083’
	1000’
	4.8MAF
	Begin Operation in 2009
	500KAF
	617KAF
	648KAF

	3
	70R
	Protect to Elevation 1050’
	915’
	4.8MAF
	No Operation
	500KAF
	563KAF
	591KAF

	4
	70R
	Protect to Elevation 1083’
	1000’
	4.8MAF
	Begin Operation in 2009
	800KAF
	380KAF
	399KAF

	5A

“Planned Operating Scenario”
	70R
	Protect to Elevation 1050’
	915’
	4.8MAF
	Begin Operation in 2009
	500KAF
	538KAF
	565KAF

	5B

“Planned Operating Scenario”
	ISG
	Protect to Elevation 1050’
	915’
	4.8MAF
	Begin Operation in 2009
	500KAF
	550KAF
	578KAF

	6
	70R
	Protect to Elevation 1050’
	1000’
	4.8MAF
	Begin Operation in 2009
	500KAF
	483KAF
	507KAF

	7
	70R
	Protect to Elevation 1050’
	915’
	4.8MAF
	Begin Operation in 2009
	800KAF
	302KAF
	317KAF

	8
	70R
	Protect to Elevation 1050’
	915’
	4.4MAF
	Begin Operation in 2009
	500KAF
	271KAF
	285KAF

	9

“Baseline Condition”
	70R
	Protect to Elevation 1050’
	915’
	4.1MAF
	Begin Operation in 2009
	500KAF
	16KAF
	17KAF


** Includes a 5% cut-to-the-aquifer

Basis for Proposed Volume

Scenario 5B (ISG-80P1050-915-UBLIM-YDP2009-500kafSHORTAGE) was identified by staff as the scenario that has the most reasonable assumptions for estimating the firming volume.  This section describes each parameter and the basis for staff’s recommendation.  

Surplus Strategy
Surplus strategies can be designed to meet many different objectives, including flood control, spill avoidance, and to use stored water to meet excess demands.  ADWR uses the system spill avoidance strategy whereby Lake Mead elevations are used to determine if a spill could occur in any year.  If so, a surplus year is declared and extra water can be made available to the Lower Basin States.  A “70R” surplus strategy was adopted by the Arizona Water Banking Authority Study Commission for planning purposes and is used in this analysis beginning in 2017.  Under a 70R strategy, if there is not sufficient space to store the 70th percentile runoff (about 17.3 MAF) at the beginning of the year, then a surplus is declared.  In the years prior to 2017, the surplus strategy is based on the Interim Surplus Guidelines adopted in 2000.  The Interim Surplus Guidelines were created by the Basin States to assist California agencies in incrementally reducing consumptive use to 4.4 million acre-feet during an interim period commencing on January 1, 2002 and ending on December 31, 2016.  The Interim Surplus Guidelines use modified Lake Mead elevations to determine if a surplus could be declared in any year and allow the reservoir to be drawn down more than under the 70R strategy.

Shortage Strategy

The shortage strategy involves selecting a specific Lake Mead elevation and then operating the system to protect against dropping below that elevation.  The Lake Mead shortage trigger elevation is used to determine whether a shortage should be declared in a given year.  If the elevation of Lake Mead is greater than the trigger, then no shortage is declared.  If the elevation of Lake Mead is less than the trigger, a shortage is declared.  The following Lake Mead shortage elevations were analyzed for this exercise:  915 feet; 1,000 feet; 1,050 feet and 1,083 feet.  Elevation 1,000 and 1,050 feet are the lake elevation of the Southern Nevada Water system intakes.  Staff believes that it is important operationally to protect the intakes of the Southern Nevada Water Authority; elevations 1,000 and 1,050 were identified as the appropriate assumptions for this variable.  Further analysis showed no significant difference in the results of using either of these assumptions and thus staff recommends using the upper elevation of 1,050 feet.  

Another assumption within this variable is the probability of achieving the specified protection elevation.  This variable is also user specified.  A percentage probability can be assigned to the probability of the lake staying above the shortage trigger elevation. The probability of achieving this protection is expressed in percentage of occurrence (i.e., 80% of the time, Lake Mead can be operated to protect the lake level at or above the specified elevation).  Staff reviewed the elevation shortage protection probabilities of 50 percent and 80 percent and found that although using a 50 percent elevation shortage protection probability resulted in slightly more water being available to CAP, it was not significant enough to warrant a deviation from the AWBA Study Commission recommendation of 80 percent.  Thus staff recommends using 80 percent, which is consistent with the recommendations of the AWBA Study Commission.  

Minimum Lake Mead Elevations
This variable projects the minimum elevation to which Lake Mead can be drawn down to.  The deeper the minimum elevation impacts the amount of reduction that would be required of Arizona Priority 4 users and Southern Nevada users.  Maintaining a higher elevation during a shortage declaration would increase the amount of shortage to be borne by these users; therefore staff is recommending a minimum Lake Mead elevation of 915 feet.  

Upper Basin Demands

The values analyzed for this variable revealed the largest impact to the availability of water supplies to CAP.  Staff analyzed Upper Basin Demands at the following levels: current demand of 4.1 MAF; limited demands of 4.8 MAF; and full build out demands of 5.4 MAF.  Full build out in the Upper Basin is the amount of water that could be consumptively used if currently legislated, but unfunded projects are built including development of oil shale reserves.  Limited Upper Basin Demands are based on utilizing current projects to their full capacity, resulting in a demand of 4.6 MAF.  However, in the analyses conducted by the AWBA Study Commission, allowances for additional development (200 KAF) was included on top of what was anticipated (4.6 MAF) for a total demand of 4.8 MAF.  Staff recommends using the limited Upper Basin demand consistent with the AWBA Study Commission recommendations because the demands are based on actual projects in place as well as allowing for limited development.  

Operation of the Yuma Desalinization Plant

Pursuant to the Mexican Treaty, the United States is required to ensure delivery of 1.5 MAF per year in normal and shortage years to Mexico.  Historically agricultural return flows made up a significant portion of this delivery, which has resulted in the quality of the water to be undesirable to the users in Mexico due to high salinity.  In response to this issue, the United States and Mexico entered into Minute 242, which requires the U.S. to deliver water that meets the same quality standards as water entering Imperial Dam.  To meet this requirement the U.S. explored several options for improving the quality of water delivered to Mexico and settled on the bypassing of the Wellton-Mohawk agricultural returns and the construction and operation of the Yuma Desalinization Plant to replace the bypassed water.  The plant was completed in 1992 and was expected to develop purified water to be blended with water from the Wellton-Mohawk District in Arizona and then delivered to Mexico.  The plant was operated for eight months and then put into standby status in 1993 due to the high inflow resulting from precipitation.  Since 1993, water has been by-passed from the Wellton-Mohawk Irrigation District to the Cienega de Santa Clara that has been over and above Mexico’s entitlement.  The model assumes approximately 120,000 acre-feet of by-pass water per year resulting in a drawdown of Lake Mead because of the inability to blend water from Wellton-Mohawk to meet the entitlement.  Staff analyzed re-initiating operation of the Yuma Desalter in 2009, consistent with recent US Bureau of Reclamation (USBR) statements; delaying operation of the Desalter to 2030; and not operating the Desalter.  As expected, delaying or not operating the Desalter resulted in slightly higher shortages.  Staff recommends using the assumption that the Desalter will begin operation in 2009, consistent with USBR public statements that actions will be taken to run the Desalter or offset the bypass.  

Shortage to CAP

In a year in which the Secretary declares a shortage on the Colorado River, Arizona Priority 4 users and Southern Nevada will have their deliveries reduced to a predetermined shortage delivery amount.  The analysis performed by staff focused on two possible levels of cutback to Arizona Priority 4 users (500KAF or 800KAF) in the event that a shortage is declared.  The scenario in which Arizona took a deeper cut to its allocation (800 KAF) (Scenario 7 - 70R-80P1050-915-UBLIM-YDP2009-800kafSHORTAGE) revealed that the average probability of shortage decreased slightly, however, the cumulative volume of shortage was greater than occurred with 500 KAF.  For instance, using the current M&I banking obligations as a benchmark (which assumed a 500 KAF shortage to Arizona), cutting Arizona’s deliveries by 800 KAF resulted in an additional 3 MAF acre-foot shortage over the 100-year period to M&I water users.  Thus as 800 KAF shortage makes M&I supplies less firm and reduces the volume of water that would need to be firmed on behalf of the Tribes, due to the shortage sharing criteria in the Gila River Indian Community Water Settlement Agreement.  Although this reduces the potential cost to the State for developing the firming volume other factors need to be considered.  The increased shortage volume due to the greater shortage to Arizona would result in an additional firming requirement by the AWBA for M&I subcontractors.  It would also require the development of additional groundwater supplies in shortage years (in addition to the recovery of the firming water), resulting in the need for additional well capacity and potentially increasing the cost to develop supplies in shortage years.  For these reasons, the 800KAF shortage assumption is not recommended as a planning assumption.  

Conclusion

In developing its recommendation, staff performed one additional level of analysis based on starting reservoir levels.  To provide some flexibility in the development of the firming volume, staff developed variations on the analyses conducted to provide a range that could express the firming obligation and provide a basis for reanalyzing the needs over the 100-year period.  As stated previously, the CRSSez model runs were based on the actual elevations that existed on January 1, 2003 at Lake Mead and Lake Powell.  The model results are sensitive to the starting conditions, and yet those conditions fluctuate based on the hydrology in the year of analysis.  To address this, staff ran Scenario 5B with starting elevations based on January 1, 2000 (which was used in the AWBA analysis for M&I Firming) and the projected January 1, 2005 elevations.  The resulting potential firming obligation ranged from 508 KAF (based on 2000 starting elevations) to 601 KAF (based on the projected 2005 starting elevations).  Thus, the recommendation of staff is to use Scenario 5B with the variations in starting reservoir elevations as the potential range for the Indian Firming obligation of the State. 

Table 3.  Recommended Firming Obligation   

	
	@ 2000

 Reservoir Levels


	@ 2003

 Reservoir Levels
	@ 2005 Projected

 Reservoir Levels

	15,000 AF for Gila River Indian Community 


	305.87 KAF
	347.4 KAF
	361.63 KAF

	8,724 AF for Other Settlements


	177.89 KAF
	202.05 KAF
	210.33 KAF

	TOTAL


	483.76 KAF
	549.45 KAF
	571.96 KAF

	TOTAL w/5%


	508 KAF
	578 KAF
	601 KAF


Supporting Documentation

(See Attach Spreadsheet)

� Priority 1 rights - present perfected rights as defined and provided for in the decree in Arizona v. California.  Priority 2 rights - federal and secretarial reservations and perfected rights established prior to September 30, 1968.  Priority 3 rights - entitlements pursuant to contracts between the U.S. and Arizona water users established prior to September 30, 1968.  P2 and P3 rights are co-equal.  Priority 4 rights - entitlement pursuant to contracts etc. established subsequent to September 30, 1968 and entitlements pursuant to CAP’s contract with the United States. 
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