














































 

  

EXHIBIT 5.1 



AGREEMENT AMONG THE ARIZONA DEPARTMENT OF WATER RESOURCES, CENTRAL ARIZONA 

WATER CONSERVATION DISTRICT, CENTRAL ARIZONA IRRIGATION AND DRAINAGE DISTRICT, 

HOHOKAM IRRIGATION AND DRAINAGE DISTRICT, HARQUAHALA VALLEY IRRIGATION DISTRICT, 

MARICOPA STANFIELD IRRIGATION & DRAINAGE DISTRICT, QUEEN CREEK IRRIGATION DISTRICT 

AND SAN CARLOS IRRIGATION AND DRAINAGE DISTRICT 

FOR THE MITIGATION OF REDUCTIONS TO CAP AG POOL WATER UNDER 

THE DROUGHT CONTINGENCY PLAN 

This Agreement ("Agreement") is made this&_f2ay of Gd~ 2019 among the 

Arizona Department of Water Resources, Central Arizona Wa~tion District, Central 

Arizona Irrigat ion and Drainage Distr ict, Hohokam Irrigation and Drainage District, Harquahala 

Valley Irrigation District, Maricopa Stanfield Irrigation & Drainage District, Queen Creek 

Irrigation Dist rict, and San Carlos Irrigation District, sometimes each individually referred to in 

this Agreement as a "Party" and collect ively as the "Parties." 

RECITALS 

A. The Central Arizona Water Conservation District ("CAWCD") is a pol itical subdivision of 

the State of Arizona established pursuant to Arizona Revised Statutes §§ 48-3701, et 

seq., which operates the Central Arizona Project ("CAP") pursuant to contracts and 

agreements wit h the United States. 

B. The Central Arizona Irrigation and Drainage District, Hohokam Irrigation and Drainage 

District, Harquahala Valley Irrigation District, Maricopa Stanfield Irrigation & Drainage 

District, Queen Creek Irrigation District, and San Carlos Irrigation District (collectively 

defined hereinafter as the "Irrigation Districts") each have Contracts for Excess Water 

that was reserved for agricultural uses pursuant to the CAWCD Policy for Marketing of 

Excess Water For Non-Indian Agriculture Use - 2004 Through 2030. 

C. On April 16, 2019, the President of the United States signed Pub. L. No 116-14, directing 

the United States Department of the Interior to implement the Colorado River Drought 

Contingency Plan, which includes the Lower Basin Drought Contingency Plan Agreement 

("LBDCP Agreement"). The State of Arizona, acting through the Arizona Department of 

Water Resources ("ADWR"), is a party to the LBDCP Agreement, which is designed to 

address fal ling elevations in Lake Mead. The LBDCP Agreement requires reductions in 

Arizona Colorado River diversions at various Lake Mead elevations. Under t he 

Agreement Regarding Lower Basin Drought Contingency Plan Obligation, CAWCD agreed 

to satisfy certain of Arizona's reductions under the LBDCP Agreement, which will result 

in net reductions to available CAP Project Water. 
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D. CAWCD and ADWR jointly convened the Lower Basin Drought Contingency Plan Arizona 

Implementation Steering Committee ("Steering Committee"} composed of Arizona 

water users, stakeholders and legislative leaders to discuss and recommend how to 

adopt and implement the LBDCP Agreement in a way that is acceptable to Arizona water 

users. The Steering Committee identified various resources that were expected to be 

available during the term of the LBDCP Agreement that could partially mitigate the 

impacts of DCP Reductions on lower-priority CAP water users. This included an 

estimated 80,000 acre-feet of Project Water that the CAWCD Board anticipated being 

available from CAP operations during the term of the LBDCP Agreement. The CAW CD 

Board further committed up to 400,000 acre-feet of Intentionally Created Surplus 

("ICS"} water held by CAWCD and up to $60,000,000 of compensated mitigation 

resources. In addition, various CAP users agreed to undertake storage of CAP water at 

Groundwater Savings Facilities ("GSF"} to offset the impacts of DCP Reductions to the 

Irrigation Districts. Portions of these resources will be used to provide mitigation to CAP 

NIA Priority contractors and subcontractors, pursuant to the terms of the NIA Mitigation 

Agreement, while other portions will be used to provide mitigation to the Irrigation 

Districts pursuant to the terms of this Agreement. 

E. This Agreement is intended to govern the mitigation provided to the Irrigation Districts 

during the Term of this Agreement. 

AGREEMENT 

1. Definitions. 

a. "Ag Mitigation" means the use of Mitigation Water to provide 105,000 acre-feet 

("AF"} of water to the Irrigation Districts during each Year 2020, 2021 and/or 

2022 that a Tier 1 Shortage exists, and to provide 70,000 AF of water to the 

Irrigation Districts during each Year 2020, 2021 and/or 2022 that a Tier 2 

Shortage exists, as more fully set forth in Section 3 of this Agreement. 

b. "AWBA Exchange Agreement1' means the Lower Basin Drought Contingency Plan 

("LBDCP"} Implementation Plan: Agreement to Exchange Long-Term Storage 

Credits Between Arizona Water Banking Authority and City of Avondale; City of 

Chandler; City of Goodyear; City of Peoria; City of Phoenix; City of Scottsdale; 

City of Tucson; Freeport Minerals Corporation; and EPCOR Water Arizona Inc. 

c. "CAP ICS" means up t o 400,000 AF of ICS held by CAWCD and dedicated by 

resolution of the CAWCD Board for mitigation purposes, including 50,000 AF CAP 

ICS that will be preserved in Lake Mead for the duration of the Term to allow for 

t he delivery of up to an equivalent amount of exchange water that will be 
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provided by the Salt River Project pursuant to the CAWCD/SRP Water Exchange 

Agreement for the Drought Contingency Plan. 

d. "DCP Reduction" means a reduction in available Project Water in a given Year as 

the result of Arizona DCP Contributions pursuant to the LBDCP Agreement. 

e. "Excess Water" means that water defined as Excess Water in the Repayment 

Stipulation. 

f. "Irrigation Districts" means Central Arizona Irrigation and Drainage District, 

Hohokam Irrigation and Drainage District, Harquahala Valley Irrigat ion District, 

Maricopa Stanfield Irrigation & Drainage District, Queen Creek Irrigation District, 

and San Carlos Irrigation District. 

g. "Mitigation Water" means a) CAP Water stored by cities, industries, and water 

utilities at the Irrigation Districts' GSFs during DCP Reductions as described in 

Exhibit A to the AWBA Exchange Agreement; b) up to 400,000 AF of CAP ICS; c) 

approximately 50,000 AF of Project Water estimated to be available from CAP 

operations during the term of this Agreement; and d) exclusively in 2022, 

Replacement Groundwater Supplies. 

h. "NIA Mitigation Agreement" means the Agreement Among the Central Arizona 

Water Conservation District, Gila River Indian Community, City of Chandler, 

Town of Gilbert, City of Glendale, City of Mesa, City of Phoenix, City of Scottsdale 

and City of Tempe for the Mitigation of Reductions to CAP NIA Priority Water 

under t he Drought Contingency Plan. 

i. "Repayment Stipulation" means the Stipulated Judgment and the Stipulation for 

Judgment (including any exhibits to those documents) entered on November 21, 

2007, in the United States District Court for the District of Arizona in the 

consolidated civil action styled Central Arizona Water Conservation District v. 

United States, et al., and numbered CIV 95-625-TUC-WDB (EHC) and CIV 95-

1720-PHX-EHC. 

j. "Replacement Groundwater Supplies" means groundwater supplies available to 

the Irrigation Districts as a result of new groundwater infrastructure 

development funding provided to the Irrigation Districts consistent with the 

Regional Conservation Partnership Program proposal "Central Arizona Regionally 

Irrigation Efficiency and Conservation Project." 

k. "Tier 1 Shortage" means a Year in with the Lake Mead content is projected on 

January 1 of that Year to be at or below elevation 1,075 feet and at or above 

1,050 feet. For the purpose of this definition, "projected on January 1" means 

the projection based on the Reclamation 24-Month Study that is conducted in 

August of the previous Year. The 24-Month Study is the operational study that 

Page 3 
Ag Mitigation Agreement 



reflects the current Annual Operating Plan that is updated each month by 

Reclamation to project future Colorado River reservoir contents and releases. 

I. "Tier 2a Shortage" means a Year in which Lake Mead content is projected on 

January 1 of that Year to be below elevation 1,050 feet and at or above 1,045 

feet. For the purpose of this definition "projected on January 1" shall have the 

same meaning set forth in Section l{k) above. 

m. "Tier 2b Shortage" means a Year in which Lake Mead content is projected on 

January 1 of that Year to be below elevation 1,045 feet and at or above 1,025 

feet. For the purpose of th is definition "projected on January 1" shall have the 

same meaning set forth in Section l(k) above. 

n. "Tier 3 Shortage" means a Year in which Lake Mead content is projected on 

January 1 of that Year to be below elevation 1,025 feet. For the purpose of this 

definition "projected on January 1" shall have the same meaning set forth in 

Section l{k) above. 

o. "Year" means a calendar year. 

2. Term. This Agreement shall become effective when all of the following have occurred: 

a) t his Agreement has been executed by all Parties; b) the LBDCPA Agreement has been 

signed by all parties to that agreement; and c) the Agreement Regarding Lower Basin 

Drought Contingency Plan Obligations has been signed by all parties to that agreement. 

This Agreement shall terminate on December 31, 2026. 

3. Ag Mitigation. In 2020, 2021 and 2022, CAWCD and the Irrigation Districts agree that 

the Irrigation Districts shall be entitled to receive M itigation Water as provided and 

subject to the conditions herein: 

a. In a Tier 1 Shortage, the Irrigation Districts shall be ent itled to a combined total 

of 105,000 acre-feet per Year of Mitigation Water. 

b. In a Tier 2 Shortage, the Irrigation Districts shall be entitled to a combined total 

of 70,000 acre-feet per Year of Mitigation Water. 

c. In the event a Tier 3 Shortage condition exists, the Irrigation Districts shall not be 

entitled to any Mitigation Water for the Year{s) in which the Tier 3 shortage is in 

effect; provided however that t he Irrigation Districts shall be entitled to use 

Replacement Groundwater Supplies during any Year in wh ich a Tier 3 Shortage 

condition exists. 

d. In any Year in which Tier 1 Shortage, Tier 2 Shortage or Tier 3 Shortage is not in 

effect, CAWCD agrees t hat Excess Water shall be available to the Irrigation 

Dist ricts consistent w ith the terms of the Arizona Water Rights Settlement 

Agreement, the Excess Water contracts held by t he Irrigation Districts, and 
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CAWCD's Policy for Marketing Excess Water for Non-Indian Agricultural Use 2004 

Through 2030 and associated Supplemental Policies. 

e. The Irrigat ion Districts' entitlement to Mitigation Water shall be satisfied from 

the following resources in the priority order stated below: 

i. First - CAP Water stored by cities, industries, and water utilities at the 

Irrigation Districts' GSFs during a Tier 1 Shortage or Tier 2 Shortage as 

described in Exhibit A to the AWBA Exchange Agreement. 

ii. Second - beginning in Year 2022, Replacement Groundwater Supplies 

iii. Third - CAP supplies including: 

1. Up to 50,000 AF of Project Water estimated to be available from 

CAP operations during the term of this Agreement; and 

2. Up to 400,000 AF of CAP ICS 

f . CAWCD may use a portion of the CAP supplies identified in Section 3(e}(iii) to 

supply water to CAP NIA Priority contractors and subcontractors pursuant to the 

NIA Mitigat ion Agreement; provided however, that CAWCD shall not deliver 

Mitigation Water to the Irrigation Districts unless it has fully satisfied CAP NIA 

priority contractors' and subcontractors' water orders consistent with the 

provisions of the NIA Mitigation Agreement. 

g. Total deliveries to the Irrigation Districts from the CAP supplies identified in 

Section 3{e)(iii) shall not exceed the following: 

i. 58,500 AF in Years 2020 or 2021 during a Tier 1 Shortage 

ii. 23,500 AF in Years 2020 or 2021 during a Tier 2a Shortage 

iii. 70,000 AF in Years 2020 or 2021 during a Tier 2b Shortage 

iv. 42,000 AF in Year 2022 during a Tier 1 Shortage 

v. 7,000 AF in Year 2022 during a Tier 2a Shortage 

vi. 53,500 in Year 2022 during a Tier 2b Shortage 

h. The tota l Mitigation Water delivered to the Irrigation District s in any Year shall 

be allocated to each irrigation district as follows, unless otherwise agreed to by 

the Irrigation Districts: 

i. Central Arizona Irrigation and Drainage District: 34% 

ii. Maricopa Stanfield Irrigation & Drainage District: 33% 

iii. Hohokam Irrigation and Drainage District: 11% 

iv. Harquahala Valley Irrigation District: 10% 

v. San Carlos Irrigation and Drainage District: 10% 

vi. Queen Creek Irrigation District: 2% 
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i. The Irrigation Districts shall not be entitled to Mitigation Water in Years 2023, 

2024, 2025, or 2026. The Parties agree that this provision shall in no way be 

construed to preclude the Irrigation Districts from utilizing Replacement 

Groundwater Supplies in 2023, 2024, 2025 or 2026. 

j. Nothing in this Section 3 shall prevent CAP contractors and subcontractors from 

entering into voluntary agreements with one or more of the CAP Irrigation 

Districts to deliver CAP water for storage in GSF facilities. 

4. Annual Coordination. 

a. On or before September 1 of 2019, 2020 and 2021, the Parties will meet and 

confer to discuss the water orders for the next Year and the sources identified in 

Section 3(e)(i)-(iii) available to satisfy those orders. 

b. In the 2021 annual meeting, the Irrigation Districts will use their best efforts to 

quantify the amount of Replacement Groundwater Supplies that will be available 

for use in 2022. 

c. On or before October 1 of 2019, 2020 and 2021, the Irrigation Districts shall 

provide CAWCD with any agreements among the Irrigation Districts to vary from 

the allocation of Mitigation Water to each irrigation district as ~et forth in 

Section 3(h). 

5. Satisfaction of Rights. The Irrigation Districts agree that during the term of this 

agreement, the Mitigation provided for in Section 3 fully satisfies CAWCD's obligations 

for delivery of Excess CAP water under the terms of the Arizona Water Rights 

Settlement Agreement, Excess Water contracts held by the Irrigation Districts, and 

CAWCD's Policy for Marketing of Excess Water for Non-Indian Agricultural Use 2004 

Through 2030 and associated Supplemental Policies. 

6. Miscellaneous Provisions. 

a. Notices. Any notice, demand, or request authorized or required by this 
Agreement shall be in writing and shall be deemed to have been duly given if 
delivere_d by email to a valid email address designated by the Parties, or if mailed 
first class or delivered, to the following address: 

lfto ADWR Arizona Department of Water Resources 
Attn: Director 
P.O. Box 36020 
Phoenix, AZ 85067 
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lfto CAWCD: Central Arizona Water Conservation District 

Attn: General Manager 

P.O. Box 43020 
Phoenix, AZ 85080-3020 

If to Central Arizona Irrigation and Drainage District: 

Central Arizona Irrigation and Drainage District 
Attn: General Manager 
231 S. Sunshine Blvd. 

Eloy, AZ 85131 

If to Hohokam Irrigation and Drainage District: 

Hohokam Irrigation and Drainage District 
Attn: Sidney Smith, General Manager 
142 South Arizona Blvd. 

Coolidge, AZ 85128 

If to Harquahala Valley Irrigation District: 

Harquahala Valley Irrigation District 
Attn: Rick Warren, Manager 
402 S. Harquahala Valley Road 
Tonopah, AZ 85354 

If to Maricopa Stanfield Irrigation & Drainage District: 

With copy to: 

Maricopa Stanfield Irrigation & Drainage District 

Attn: MSIDD General Manager 
41630 W. Louis Johnson Dr. 
Maricopa, AZ 85138 

Paul R. Orme 
2850 E. Camelback Road, Suite 200 
Phoenix, AZ 85016 
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If to Queen Creek Irrigation District: 

Queen Creek Irrigation District 
Attn: General Manager 

P.O. Box 690 
Queen Creek, AZ 85142 

If to San Carlos Irrigation and Drainage District: 

San Carlos Irrigation and Drainage District 
Attn: General Manager 
P.O. Box 218 
Coolidge, AZ 85128 

b. Representations and Warranties. 
i. Each Party has all legal power and authority to enter into this Agreement 

and to perform its obligations hereunder on the terms set forth in this 
Agreement, and the execution and delivery hereof by each Party and the 
performance by each Party of its obligations hereunder shall not violate or 
constitute an event of default under the terms or provisions of any 
agreement, document, or instrument to which each of the Parties is a party 
or by which each Party is bound. 

ii. Each Party warrants and represents that the individual executing this 
Agreement on behalf of the Party has the full power and authority to bind 
the Party he or she represents to the terms of this Agreement. 

iii. This Agreement constitutes a valid and binding agreement of each Party, 
enforceable against each Party in accordance with its terms. 

c. Binding Effect and Limited Assignment. The provisions of this Agreement shall 
apply to and bind the successors and assigns of the Parties upon receipt of written 
agreement to the terms of this Agreement, but no assignment or transfer of this 
Agreement or any right or interest therein shall be valid until approved in 

writing by all Parties. 

d. Amendment, Modification, and/or Supplement. No amendment, modification, 
or supplement to this Agreement shall be binding unless it is in writing and signed 

by all Parties. 

e. No Third-Party Beneficiaries. This Agreement is not intended nor shall it be 
construed to create any third-party beneficiary rights to enforce the terms of this 
Agreement on any person or entity that is not a Party. 
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f. Counterparts. This Agreement may be executed in counterparts, each of which 
shall be an original and all of which, together, shall constitute only one Agreement. 

g. Uncontrollable Forces. No Party will be considered to be in default in the 
performance of any of its obligations hereunder when a failure of performance is 
due to uncontrollable forces. The term "uncontrollable forces" shall mean any 
cause beyond the control of the Party unable to perform such obligation, 
including, but not limited to, failure of or threat of failure of facilities, flood, 
earthquake, storm, fire, lightning and other natural catastrophes, epidemic, war, 
riot, civil disturbance or disobedience, strike, labor dispute, labor or material 

shortage, sabotage, terrorism, or restraint by court order or public 
authority, which by exercise of due diligence such Party could not reasonably 
have been expected to avoid and which by exercise of due diligence it shall be 
unable to overcome. Drought and water shortages contemplated by this 
Agreement are not "uncontrollable forces" for the purposes of this Agreement. 

h. Dispute Resolution. The Parties shall attempt to resolve all claims, disputes, 
controversies, or other matters in question between the Parties arising out of, or 
relating to this Agreement promptly, equitably, and in good faith. The Parties 
also agree to resolve all disputes arising out of or relating to this Agreement 
through arbitration, after exhausting applicable administrative review, to the 
extent required by A.R.S. § 12-1518. 

i. Choice of Law. This Agreement is governed by and shall be construed and 
interpreted in accordance with Arizona law. Any action to resolve any dispute 
regarding this Agreement shall be taken in a st ate court of competent 
jurisdiction located in Maricopa County, Arizona. 

j. Conflict of Interest . The Parties to this Agreement are hereby notified of and 
acknowledge A.R.S. § 38-511 regarding cancellation for conflict of interest. 

k. Records and Inspections. All books, accounts, reports, files and other records in 
relation to this Agreement shall be subject at all reasonable t imes to inspection 
and audit by the Parties throughout the term of this Agreement and for a period 
of five years after the completion of this Agreement. Upon request, a Party must 

produce original of any or all such records. 

I. Equal Opportunity. The Parties shall comply with State Executive Order No. 75-5, 
as amended by State Executive Order No. 2009-9, and all other applicable 
Federal and State laws, rules and regu lations relating to equal opportunity and 

non-discrimination, including the Americans with Disabilities Act. 
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m. Availability of Funds. In accordance with ARS § 35-154, every payment obligation 
of the State under this Agreement is conditioned upon the availability of funds 
appropriated or allocated for payment of such obligation. 

Signature pages follow 

Page 10 
Ag Mitigation Agreement 



ARIZONA DEPARTMENT OF WATER RESOURCES 

By ~d; 
Thomas Buschatzke, Director 

Date: ,;/JJ ~ d/)[9 
APPROVED AS TQFOR ~ 
By ;1/tt~~ 

Nicole D.Klob~putyChiefCounsel 
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CENTRAL ARIZONA WATER CONSERVATION DISTRICT 

By: 
Lisa Atkins, President 

Date: ZC!ll?t;!f 

ATTEST: 

By: ,/j[~ & ~ M 
Sharon Megdal, Secretary 

APPROVED AS TO FORM: 

By: 
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CENTRAL ARIZONA IRRIGATION AND DRAINAGE DISTRICT 

By: 

Daniel Shedd, President 

Date: 

ATTEST: 

By: Zf::~.m:~ 
~0"'11 Id />'J f h;c.,k,2,v ;:, f>S"r. /s ~ ~ 

APPROVED AS TO FORM: 

By: 
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HOHOKAM IRRIGATION AND DRAINAG E DISTRICT 

By: 

Date: ]-/O-!l 

ATTEST: /~] ~~.e 

By: Uf:::._t 
Colin Scott, Secretary 

APPROVED AS TO FORM: 

By: 
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HARQUAHALA VALLEY IRRIGATION AND DRAINAGE DISTRICT 

By: 

Date: 

ATTEST: 

By: 

APPROVED AS TO FORM: 

By: 
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MARICOPA STANFIELD IRRIGATION & DRAINAGE DISTRICT 

By al.5'::tm:: eiffi4C 
Date: ~- u.. - -z.c:>1Ci 

ATTEST: 

By: 

APPROVED AS TO FORM: 

By: 
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QUEEN CREEK IRRIGATION DISTRICT 

By: 7/j;J~ 
Date: 6-25- 11' 

ATTEST: 

By: 

APPROVED AS TO FORM: 

By: 
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SAN CARLOS IRRIGATION AND DRAINAGE DISTRICT 

By: 

Date: 

ATTEST: 

By: 

By: 
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EXHIBIT A-TECHNICAL MEMORANDUMS 



Natural Resources Consulting Engineers, Inc. 
131 Lincoln Ave, Suite 300 
Fort Collins, CO 80524 
Phone: (970) 224-1851/Fax: (970) 224-1885 

TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq., Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 
EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

G. Farm Unit: CRIT Farms CRIT II Unit 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation (SC) Program and Extraordinary Conservation Intentionally 

Created Surplus (EC ICS) Program. Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 
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diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately below during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC ICS through 

fallowing of specific Farm Units for various periods of time during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC ICS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Re~ervation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe ' s Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627-October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MTA 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC ICS creation in 2019. CRIT proposes to use all sites listed in Table 1 
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CRIT PROPOSED LANDS F OR SCP AND EC JCS EXHIBIT A 2020 

Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT ICS in 2019 and System Conservation and ICS in 2020. 

Su:m:marv of CRITICS for 1019 

Efficiency Diursioa 
. et Consumptin Factor* Rrdu.ction 

U.se 
Mu. Net 

Time Irrigated Anr:ige AD.Du.al ADDual 

Unit Name Period Acreage An. Croppin& Pattem AFiac A.FY .,UY 

6627* ITAFarm.s 2014-18 1884.0 
SO% alfalfa 20% Sudan 

539 l, 70 0.501 2,934 
iuass 

43% alfalfa 35% cotton 1 % 
903S** Rayner 2013-17 1055. Bennuda (gras s hay) 8% 4.55 4,804 ,0.501 9,5S9 

Sudan 

Totals 2,940 6,274 ll,523 

* Oct 12019-Dec 312019 only 

** estimat es in this table for ·9035 me based on 201.3-2017 USGS cropping data 

Su:m:man- of·CRIT System C on.senatioa and ICS for 2020 {Sn tem Conserntion in eness of 50,000 AF 1lrill H coasidued ICS). 

Total Net NetConslllll.Jlffl'e Use 

Consumptin Use Pron.tioa 
Mn. Net Systra 

Thu Irri&ated Anra1e Annul 
ConserTation 

ECICS 

Unit Ulle Period Acreage An~ Croppin& Pattem AFiac A.FY .Ul' 
AFY 

6627 MTA Farm.s 2014-lS IS .0 
&0% alfalfa 20% Sudan 

5.39 
grass 

10,157 9,450.7 062 

58• alfalfa 'o small grain 
6% Bennuda (grass hay) 

6808, Quail Mesa 2014-l& 3704.6 H% Sudan 21% 4.89 l&,130 1•6,869.7 l,2,60J6 

:Miscell.aneous (onion, 

garlic, com, potato) 

M% alfalb l cotton 6 o 

smallgrain l3,-oBermuda 

6693 ITA F1.1111.s 201-J-ts l lS3.9 (grass hay) 14% Sudan 4.97 5,&S.6 5, 63 09.2 
21% lMiscellaneous (onion, 

g arlic, c om, pot at o) 

CRIT 
60% alfalfa 5% c otton 1 % 

Farm.s 
Yictorio 2014-lS 06.8 smallgrain 12 Bmnuda 4.61 l,S l , 6..5 130.5 

(grass hay) 5~ Sudan 

CRIT 
Frimm.n 2014-18 67. 

52% alfalfa 26Yo c otton 18% 
4.37 2,.951 2, 45.4 205.2. 

Fanas small or.ttn 4% Sudan 

3% alfalfa 19 cotton 6% 

CRIT 
CRIT'll 2014-1& 123&. 

smallgrain 2% 
5.04 6)4 ) ,812..4 4343 

farm.s Miseellaneous (onion, 

garlic, com, potato) 

CRIT 
! ITA 700 2014-l& 65.8 

86% alfalfa % cotton 0 
5 .. 50 2,561 2,.38.3.8 I S.l 

Farms Bermuda (grass hay) 

CRIT Shawler 
2014-l& 39..5 

69% alfalfa. 30% cotton 2% 
5.02 2,206 2,032.9 l5.,.4 

Farm.s Rmch Sudan 

52% alfalfa 32% c otton 12% 
9O3S*H R.ayu r 201..3-17 78&.0 Bennuda (grass hay) 4% 4.72 3, 21 3,462 251) 

Sudan 

Totals 10,786 53,736 50,000 3,736 

* based on Project ov erall average irrigation efficim cy equal t o 53.5% 

** based on Proj ect CU.iDiversion ratio of 0.4 5 for 201S using methodology designated in the LB Ops ICS Exhibit S for CRIT. 

*** estimates in this table for 9035 an based on 2013-201 USGS cropping dat a with linear move sprinkler area removed; 

Dinrsion Rrdu.ction 

Proration 

System 

Con.sNTation* 
ICICS** 

AFY 
AFY 

17,664.S l,486.7 

31,532.2 2,.653 .9 

10).36.l &61.5 

3,264.4 27 .7 

5,Bl.7 431.9 

10,&64. 914.4 

4,455.i' m.o 

3,S:312 323.0 

5.770 545 

92,757 7,866 

and, for System Conservation diversion reduction, an overall av erage irrig ation efficim cy for direct pumping from River equal t o 60% 
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Dinrsion 

Reduction 

AnnnaI 

AFY 

19, 151 

'.>4,1S6 

11,09& 

3,539 

5,564 

11, 9 

4,831 

4,160 

6,.315 

100,623 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC ICS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each fie ld 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017). 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops ( onions, garlic, com, potato) (NRCE, 2016). 

Natural Resources Consulting Engineers, Inc. 5 



CRIT PROPOSED LANDS FOR SCP AND EC JCS EXHIBIT A2020 

Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRIT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD ' s AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRIT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019). Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ETc) or crop consumptive use ( crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm) ; 
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Kc = crop coefficient (dimensionless); 

ETo = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short of water, ETo) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is : 

where: 

ETo = standardized reference crop evapotranspiration for (grass) short crop 

L1 = slope of the saturation vapor pressure-temperature curve 

Rn = net radiation at the crop surface 

y = psychrometric constant 

T = mean daily air temperature measured at 1.5-2 m above ground level 

u 2 = mean daily wind speed measured at 2 m above ground level 

es = saturation vapor pressure 

ea = mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al. , 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005). 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Colorado River Indian Reservation (https:/ /www.usbr.gov/le/reg ion/ g4000/wtracct.html): 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33.863015, Longitude -114.472974, Elev. 302ft above MSL 

Daily weather and ETo data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potential crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet), Bermuda hay, 
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Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/lc/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to corn, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B ofNRCE (2016). 

In the case of alfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (IID). In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. (1998). The results were presented as ratios of actual ET to potential 

ET. Across 11D the average ratio was found to be 0.85. For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the 11D ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons ofactual ET ( as determined 

by remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate ofactual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3.96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0. 76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or NetCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AFiac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project. This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035 , the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual NetCU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ET o from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to , dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields. 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT' s annual 

water order (as determined and approved through the 43 CFR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT's 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035, which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit's pumping facilities. 
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G. Farm Unit: CRIT Farms CRIT H Unit 

Farm Description and Location 

The CRIT Farms CRIT II Unit is located on the Colorado River Indian Reservation within 

the Project service area with field parcels located within Sections 18, 19, and 30 Township SN Range 

21 W (Gila and Salt River Meridian), La Paz County, Arizona. The CRIT II Unit is bounded by the 

Lower Main Drain on the west, Mesa Drain on the north, Mohave Road on the east and Tyson 

Wasteway on the south. Figure GI is an overview map of the Unit. A maximum of 1,238.74 net 

field acres have been in irrigated crop production for at least the.past 5 years. The acreage not in 

production is idle or occupied by hay and equipment storage yards, roads, canals, and drains. 

The irrigated cropland on the CRIT II Unit is served primarily by Sub-lateral Lower 90 of 

the Project. While the CRIT II Unit is the last farm unit served by Lower 90, Project operational 

spill to Tyson Wash/W asteway occurs at the end of Lower 90 and thus it cannot be turned off at the 

head gate or another upstream check structure. Farm gate turnouts on Sublateral Lower 90 serving 

the CRIT II Unit will be chained and locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project. A total of up to 64 irrigated 

field parcels were identified within the actively irrigated area of the Unit (see Figure GI), although 

field parcel boundaries are noted to have changed with some consolidation or further subdivision 

apparent during the study period. Background aerial imagery in Figure G 1 is dated 2017 and from 

the USDA National Agriculture Aerial Imagery Program (NAIP): 

(http://www.fsa. usda. gov/pro grams-and-services/aerial-photography/imagery-pro grams/naip

imageryO. The CRIT field parcel delineations were found to show good agreement with the NAIP 

aerial imagery. 

Natural Resources Consulting Engineers, Inc. 14 



CRIT PROPOSED LANDS FOR SCP AND EC JCS EXHIBIT A 2020 

Figure Gl. Overview Map ofCRIT Farms CRIT II Unit. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on the CRIT II Unit for the years 2014-2018 

inclusive were available from annual crop survey work performed by the CRIT Water Resources 

Department (WRD) and are summarized in Table G 1. The cropping pattern on the Project is 

determined by field survey each year and spatially referenced on Project maps using WRD's 

AGR05 field parcel polygon shapefile. The annual cropping pattern for the CRIT II Unit is 

mapped in Figures G2-G6, for years 2014-2018, respectively. 

Table Gl. Cropping Patterns/Crop Mix of the CRIT Farms CRIT II Unit, 2014-2018. 

Total 
Irrigated Grass 

Crop Small (Bermuda/ Grass Misc. Idle 
Year Acreage Alfalfa Cotton Grains Rve) (Sudan) Crops Acreage 

2014 1238.7 51% 40% 0% 0% 0% 9% 9.0 

2015 1238.7 66% 8% 26% 0% 0% 0% 9.0 

2016 1238.7 89% 8% 3% 0% 0% 0% 9.0 

2017 1238.7 78% 20% 0% 2% 0% 0% 9.0 

2018 1199.1 80% 20% 0% 0% 0% 0% 48.7 

Average 73% 19% 6% 0% 0% 2% 
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Figure G2. Cropping Pattern on CRIT Farms CRIT II Unit in 2014. 
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Figure G3. Cropping Pattern on CRIT Farms CRIT II Unit in 2015. 

Natural Resources Consulting Engineers, Inc. 18 

EXHIBIT A 2020 



CRIT PROPOSED LANDS FOR SCP AND EC JCS 

r'rop 2016 

~m U'· 

• \u n 

- \'h 1 

RIT n ~ 011 

Figure G4. Cropping Pattern on CRIT Farms CRIT II Unit in 2016. 
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Figure GS. Cropping Pattern on CRIT Farms CRIT II Unit in 2017. 
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Figure G6. Cropping Pattern on CRIT Farms CRIT II Unit in 2018. 
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Estimated Crop Evapotranspiration 

Table G2 below presents estimated annual and 5-year average reference ETo and crop ET 

(inches/year) for crops grown on the Reservation during the 5-year study period using weather 

data from the AZMET Parker No. 2 weather station. 

Table G2. Annual and 5-year Average Reference ETo and crop ET (inches/year) for Reservation 
Crops for 2014-2018. 

Grass 
Reference Small (Bermuda/ Grass 

Year ETo1 Alfalfa Cotton Grains Rye) (Sudan) Misc. Crops 
2014 75.11 67.9 37.7 24.5 49.6 44.6 44.9 

2015 75.19 68.2 39.1 23.0 49.7 43.8 44.5 

2016 81.43 73.9 43.2 24.3 53.7 46.4 48.0 

2017 77.70 70.5 40.5 23.6 50.9 46.2 46.2 

2018 76.86 69.7 40.1 24.5 50.5 46.2 46.1 

Average (in) 70.0 40.1 24.0 50.9 45.4 45.9 

Average (af/ac) 5.84 3.34 2.00 4.24 3.79 3.83 
1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 

Estimated Net Consumptive Irrigation Water Use and Diversion Requirement 

Table G3 below presents reference ET 0, area-weighted average crop ET, effective 

precipitation, area-weighted average net consumptive use (NetCU), and associated diversion 

requirement (diversion reduction) for each year of the study period, and as an average of the 5-year 

period: 2014-18, based on the crop acreage and cropping pattern/mix discussed above. The 

estimated average annual unit area consumptive use on this Farm Unit for 2014-2018 is 5.04 AFiac. 

The total estimated volume of water conserved due to the proposed fallowing of a maximum acreage 

of 674.7 acres on the Farm Unit is 6,246 AFY. Using an estimated average overall irrigation 

efficiency of 53.5%, the diversion requirement associated with this net water conservation is 11,676 

AFY. 
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Table G3. Annual and 5-year Average Reference ET o, Area Weighted Crop ET, Effective 
Precipitation, Area Weighted Net CU and Diversion Reduction for 2014-2018. CRIT Farms CRIT II 
Unit. 

Weighted Weighted Net 
Average Average Net Net Crop Consumptive 

Reference Actual Crop Effective Consumptive Area Use Diversion 
Year ETo1 ET (ETa)2 Precip. Use Fallowed Demand3 Reduction4 

(1) (2) (3) (4) (5) (6) (7) (8) 
(in) (in) (in) (in) (ac) (AF) (AF) 

2014 75.11 53.85 0.30 53.64 1,238.7 5,537 10,350 

2015 75.19 54.02 0.93 53.22 1,238.7 5,493 10,268 

2016 81.43 69.97 1.03 69.01 1,238.7 7,124 13,316 

2017 77.70 64.15 0.82 63.49 1,238.7 6,554 12,251 

2018 76.86 63.92 0.70 63.28 1,199.1 6,323 11,819 

Average 77.26 61.18 0.76 60.53 1,230.8 6,206 11,601 

Unit area Net CU (AFiac) 5.04 

Max acreage 1,238.7 6,246 11 ,676 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 
2 Estimated actual crop ET accounting for water stress and less than ideal growth conditions. 

Weighted average calculated using irrigated acreages. 
3 Column (5) divided by 12 and multiplied by Column (6) 
4 Column (8) divided by overall Project efficiency 
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The monthly distribution of the total average annual NetCU saving and total average 

annual diversion reduction for CRIT Farms CRIT II Unit is presented in Table G4. 

Table G4. Monthly Distribution of Net Consumptive Use and Associated Diversion Reduction, CRIT 
Farms CRIT II Unit, 2014-2018. 

Average annual Alfalfa Monthly Net 
Crop ET (in) for period Consumptive Use Monthly Diversion 

Month of analysis Demand Reduction 

(inches) % of total (AF) (AF) 
January 2.02 2.88% 180.1 336.6 
February 3.57 5.09% 318.1 594.5 
March 4.82 6.87% 429.3 802.4 
April 6.83 9.74% 608.3 1,136.9 
May 7.93 11.31% 706.7 1,320.9 

June 9.09 12.96% 809.4 1,5 12.9 
July 9.20 13.13% 820.0 1,532.6 
Aue;ust 8.71 12.42% 776.0 1,450.4 
September 7.80 11.12% 694.7 1,298.6 

October 4.40 6.28% 392.2 733.0 

November 2.72 3.88% 242.2 452.7 
December 3.03 4.32% 269.7 504.1 
Annual 70.12 100.00% 6,246.5 11 ,675.7 
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Phone: (970) 224-1851/Fax: (970) 224-1885 

TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq. , Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 

EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

F. Fann Unit: CRIT Fanns Frimann Unit 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation (SC) Program and Extraordinary Conservation Intentionally 

Created Surplus (EC ICS) Program. Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 
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diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately below during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC ICS through 

fallowing of specific Farm Units for various periods oftime during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC ICS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Reservation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe ' s Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627- October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MTA 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC ICS creation in 2019. CRIT proposes to use all sites listed in Table 1 
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Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT ICS in 2019 and System Conservation and ICS in 2020. 

Su:mmaryof ·CRII ICS for20l9 

Iffidency Dinniou 
et CollSUlllJltin Factor* RNt11ction 

Use 
Mu. Net 

Annul Annual Time Irrigated Average 
Unit Name !Period Acrea&e Are. Croppin& Patte1'Jl AFiac .ID' .ID' 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC ICS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each field 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017). 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops ( onions, garlic, corn, potato) (NRCE, 2016). 
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Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRIT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD's AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRIT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019) . Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ETc) or crop consumptive use ( crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm) ; 
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Kc = crop coefficient (dimensionless); 

ET o = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short of water, ET o) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is: 

900 
0.408LlRn + y T + 273 U2(e5 - ea) 

ETo = 
Li + y(1 + 0.34u2) 

where: 

ETo = standardized reference crop evapotranspiration for (grass) short crop 

L1 = slope of the saturation vapor pressure-temperature curve 

Rn = net radiation at the crop surface 

y = psychrometric constant 

T = mean daily air temperature measured at 1.5-2 m above ground level 

u2 = mean daily wind speed measured at 2 m above ground level 

es = saturation vapor pressure 

ea = mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al., 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005). 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Colorado River Indian Reservation (https://www.usbr.gov/lc/region/g4000/wtracct.html): 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33.863015, Longitude -114.472974, Elev. 302ft above MSL 

Daily weather and ET o data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potential crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet), Bermuda hay, 
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Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/lc/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to corn, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B of NRCE (2016). 

In the case of alfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (11D) . In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. (1998). The results were presented as ratios of actual ET to potential 

ET. Across 11D the average ratio was found to be 0.85. For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the 11D ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons of actual ET ( as determined 

by remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate of actual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3.96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0. 76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or NetCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AFiac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project. This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035, the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual NetCU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ETo from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to , dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields. 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT's annual 

water order (as determined and approved through the 43 CFR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT' s 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035, which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit's pumping facilities. 
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F. Farm Unit: CRIT Farms Frimann Unit 

Farm Description and Location 

The CRIT Farms Frimann Unit is located on the Colorado River Indian Reservation within 

the Project service area with field parcels located within Sections 12 and 13 Township 5N Range 

22W (Gila and Salt River Meridian), La Paz County, Arizona. The Frimann Unit is bounded by 

Project Sub-lateral Lower 90 on the west and south, irrigated crop land on the north, the Lower Main 

Drain on the east. Figure Fl is an overview map of the Unit. A maximum of 674.74 net field acres 

have been in irrigated crop production for at least the past 5 years. The acreage not in production is 

idle or occupied by hay and equipment storage yards, roads, canals, and drains. 

The irrigated cropland on the Frimann Unit is served primarily by Sub-lateral Lower 90 of 

the Project. This sublateral serves other farm fields in the area and thus cannot be turned off at the 

head gate. Farm gate turnouts on Sublateral Lower 90 serving the Frimann Unit will be chained and 

locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project. A total of up to 30 irrigated 

field parcels were identified within the actively irrigated area of the Unit (see Figure Fl), although 

field parcel boundaries are noted to have changed with some consolidation or further subdivision 

apparent during the study period. Background aerial imagery in Figure Fl is dated 2017 and from 

the USDA National Agriculture Aerial Imagery Program (NAIP): 

(http://www.fsa.usda.gov/programs-and-services/aerial-photography/imagery-programs/naip

imageryD. The CRIT field parcel delineations were found to show good agreement with the NAIP 

aerial imagery. 
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Figure Fl. Overview Map of CRIT Farms Frimann Unit. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on the Frimann Unit for the years 2014-2018 

inclusive were available from annual crop survey work performed by the CRIT Water Resources 

Department (WRD) and are summarized in Table Fl. The cropping pattern on the Project is 

determined by field survey each year and spatially referenced on Project maps using WRD' s 

AGR05 field parcel polygon shapefile. The annual cropping pattern for the Frimann Unit is 

mapped in Figures F2-F6, for years 2014-2018, respectively. 

Table Fl. Cropping Patterns/Crop Mix of the CRIT Farms Frimann Unit, 2014-2018. 

Total 
Irrigated Grass 

Crop Small (Bermuda/ Grass Misc. Idle 
Year Acrea2e Alfalfa Cotton Grains Rye) (Sudan) Crops Acrea2e 
2014 674.7 43% 38% 19% 0% 0% 0% 0.0 

2015 674.7 60% 0% 40% 0% 0% 0% 0.0 

2016 674.7 23% 47% 30% 0% 0% 0% 0.0 

2017 674.7 35% 45% 0% 0% 20% 0% 0.0 

2018 674.7 100% 0% 0% 0% 0% 0% 0.0 

Avera2e 52% 26% 18% 0% 4% 0% 0.0 
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Figure F2. Cropping Pattern on CRIT Farms Frimann Unit in 2014. 
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Figure F3. Cropping Pattern on CRIT Farms Frimann Unit in 2015. 
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Figure F4. Cropping Pattern on CRIT Farms Frimann Unit in 2016. 
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Figure F5. Cropping Pattern on CRIT Farms Frimann Unit in 2017. 
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Figure F6. Cropping Pattern on CRIT Farms Frimann Unit in 2018. 
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Estimated Crop Evapotranspiration 

Table F2 below presents estimated annual and 5-year average reference ETo and crop ET 

(inches/year) for crops grown on the Reservation during the 5-year study period using weather 

data from the AZMET Parker No. 2 weather station. 

Table F2. Annual and 5-year Average Reference ET o and crop ET (inches/year) for Reservation 
Crops for 2014-2018. 

Grass 
Reference Small (Bermuda/ Grass 

Year ET/ Alfalfa Cotton Grains Rye) (Sudan) Misc. Crops 
2014 75.11 67.9 37.7 24.5 49.6 44.6 44.9 
2015 75.19 68.2 39.1 23.0 49.7 43.8 44.5 
2016 81.43 73.9 43.2 24.3 53.7 46.4 48.0 
2017 77.70 70.5 40.5 23.6 50.9 46.2 46.2 
2018 76.86 69.7 40.1 24.5 50.5 46.2 46.1 

Average (in) 70.0 40.1 24.0 50.9 45.4 45.9 
Average (af/ac) 5.84 3.34 2.00 4.24 3.79 3.83 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 

Estimated Net Consumptive Irrigation Water Use and Diversion Requirement 

Table F3 below presents re erence ET 0, area-weighted average crop ET, effective 

precipitation, area-weighted average net consumptive use (NetCU), and associated diversion 

requirement (diversion reduction) for ach year of the study period, and as an average of the 5-year 

period: 2014-18, based on the crop acreage and cropping pattern/mix discussed above. The 

estimated avera e annual unit area co um tive use on this Farm Unit for 2014-2018 is 4.37 AFiac. 

The total estimated volume of water co served due to the proposed fallowing of a maximum acreage 

of 674.7 acres on the Farm Unit is Using an estimated average overall irrigation 

efficiency of 53 .5%, the diversion req irement associated with this net water conservation is 5,515 

AFY. 
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Table F3. Annual and 5-year Average Reference ET0 , Area Weighted Crop ET, Effective 
Precipitation, Area Weighted Net CU and Diversion Reduction for 2014-2018. CRIT Farms 
Frimann Unit. 

Weighted Weighted Net 
Average Average Net Net Crop Consumptive 

Reference Actual Crop Effective Consumptive Area Use Diversion 
Year ETo1 ET (ETa)2 Precip. Use Fallowed Demand3 Reduction4 

(1) (2) (3) (4) (5) (6) (7) (8) 
(in) (in) (in) (in) (ac) (AF) (AF) 

2014 75 .11 48.12 0.30 47.92 674.7 2,694 5,036 

2015 75. 19 50.15 0.93 49.35 674.7 2,775 5,187 

2016 81.43 44.81 1.03 44.25 674.7 2,488 4,651 

2017 77.70 52. 17 0.82 51.88 674.7 2,917 5,453 

2018 76.86 69.69 0.70 68.99 674.7 3,879 7,250 

Average 77.26 52.99 0.76 52.48 674.7 2,951 5,515 

Unit area Net CU (AFiac) 4.37 

Max acreage 674.7 2,951 5,5 15 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 
2 Estimated actual crop ET accounting for water stress and less than ideal growth conditions. 

Weighted average calculated using irrigated acreages. 
3 Column (5) divided by 12 and multiplied by Column (6) 
4 Column (8) divided by overall Project efficiency 
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The monthly distribution of the total average annual NetCU saving and total average 

annual diversion reduction for CRIT Farms Frimann Unit is presented in Table F4. 

Table F4. Monthly Distribution of Net Consumptive Use and Associated Diversion Reduction, CRIT 
Farms Frimann Unit, 2014-2018. 

Average annual Alfalfa Monthly Net 
Crop ET (in) for period Consumptive Use Monthly Diversion 

Month of analysis Demand Reduction 
(inches) % of total (AF) (AF) 

January 2.02 2.88% 85.1 159.0 
February 3.57 5.09% 150.3 280.9 
March 4.82 6.87% 202.8 379.0 
April 6.83 9.74% 287.3 537.1 
May 7.93 11.31% 333.8 624.0 

June 9.09 12.96% 382.4 714.7 
July 9.20 13.13% 387.3 724.0 
Au2ust 8.71 12.42% 366.6 685.2 
September 7.80 11.12% 328.2 613.4 
October 4.40 6.28% 185.2 346.3 
November 2.72 3.88% 114.4 213.8 
December 3.03 4.32% 127.4 238.1 
Annual 70.12 100.00% 2,950.7 5,515.4 
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TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq., Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 
EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

H. FARMUNIT:CRITFARMSMTA700UNIT 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation (SC) Program and Extraordinary Conservation Intentionally 

Created Surplus (EC ICS) Program. Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, .estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 
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diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately below during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC ICS through 

fallowing of specific Farm Units for various periods of time during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC ICS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Reservation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe ' s Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627- October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MTA 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC ICS creation in 2019. CRIT proposes to use all sites listed in Table 1 
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Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT JCS in 2019 and System Conservation and JCS in 2020. 

Summ:u·v or•CRIT JCS for .10Hl 

Iffldmcy Dinrsion 
Net Consumptire factor* RNluction 

Ust 
Mu. Net 

Tbne IrrigatNi Aver.ige Annual Annual 

Unit Name Period Ac~ase Are. Croppin& Pattern AFiac AFY AFY 

6627* MTAFarms 2014-lS 1SS4.0 
SO o alfalfa 20% Sudan 

5.39 1,470 0.501 2,934 
suass 

43% alfalfa 35% cotton l % 
903S** Rayner 20l3-l 7 1055. Bennuda (gras s hay) 8% 4.55 ,SO-I 0.501 9,589 

Sudan 

Totals 2,9-1.0 6.,274 12,523 

"' Oct 12019-Dec 3l 201'9 only 

** estimat es in this table for 9035 are based on :2013-2017 USGS cropping data 

S11JDJD.:a.n-ofCRIT System Conserutio.n .a:nd ICS for 2020 (Svstem Consem,tion in ec.xcess or 50,000 AF will be cons:ldecrNi ICS). 

Total Nect • et CoasUllptin Use 

ConsUDLptin· Use Proratio:n 
MIL Net System 

ECICS Tba.e lrri&atNI Anrase Annual 
Consen-ation 

Unit Ulle Period Ac~.age Are. Croppin& Patten. .JJ/ac .ID' 
AFY 

.m · 

,6627 A-IT."-Farms 2014- lS 1SS4.0 
so• alfalfa 20% Sudan 

5.39 10,157 9,450.7 7062 
grass 

58% alfalfa % small grain 

6% Bmnuda (gnss hay) 

6808 Quail lr.sa 2014- l& 370-l.6 11% Sudan 2 1'% 4.&9 l S, 13-0 l·6,S69.7 1,260.6 

M scellaneous {onion, 

garlic, c.om, pot ato) 

M% alfalfa 1 cotton 6 'Yo 

small grain 13 o Bmnuda 

6693 ~ITAFaras 201.J..lS llS3.9 (grass hay) 1 %, Sudan .97 5,886 5, 6.3 09.2 
21% ]Miscellaneous (onion, 

garlic, c om, potat o) 

60 , o alfalfa 5% c otton 1 'o 
CRIT 

Yktorio 2014-18 06.S small grain l2"'o Bermuda 4.61 1,S77 l, 46..5 130.5 
Farms 

(grass hay) 51/o Sudan 

CRIT 
Frimann 2014-18 6 

52% alfalfa 26% cotton lS o 
4..37 2,.951 2,745.4 2052 

Farms small 2l'ain 4% Sudan 

3 o alfalfa 19 cotton 6 o 
CRIT 

CRITll 2014- lS 1238. 
small grain 2~'o 

5.04 6,24 5,812.4 434.3 
Farms .Miscellaneous (onion, 

g arlic, c om, potato) 

C'RIT 
AITA 700 2014- lS 465.S 

86% alfalfa 'o cotton 0 
5.50 2,562 2,.m .s l S.l 

Farms Bmnuda (gras s hay) 

CRIT Slu1tler 
2014- IS 39.5 

69'% alfalfa 30% cotton 2% 
5.02 2,2:06 2,.052.9 153.4 

Fana:s Ra:nc:h Sudan 

52 o alfalfa 32 o cotton 12 ·o 

.903S*** RaJ11.er 2013-17 7SS.O Bennuda (gras s hay) 4% 4.72 3,72 1 3,462 259 

Sudan 

Totals 10,786 53,73!> 50,000 3,73-6 

* based on Project ovrrall averag e irrigation efficiency equal to 53..5% 

•• based on Project C'U.1Diversion ratio of 0. 5 for 201S using methodology designated in the LBOps ICS Exhibit S for CRIT. 

*** estimates in this table for 9035 are based on 2013-201 7 USGS cropping dat a with linear mon sprinlder area removed; 

Dinrsion RNluction 

Proration 

System 
ICICS•• 

Consen-ation* 

AfY 
AFY 

17,664.S 1,486.7 

31,5322 2,.653.9 

l0,236.1 &6U 

3,264.4 274.7 

5,13 1.7 431.9 

10,864.4 914.4 

4,455.7 m.o 

3,837.2 323.0 

5,770 545 

92,757 7,866 

and, for Sy stem Conservation div ersion reduction, an o,·erall av erag e irrig ation efficiency for direct pumping from River equ al to 60% 
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RNhaction 

Amuu.l 

.ID' 

19, 152 

34,1S6 

ll,098 

3)39 

5,564 

11, 79 

4,831 

4,160 

6.,315 

100,623 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC ICS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each field 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017). 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops ( onions, garlic, corn, potato) (NRCE, 2016). 
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Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRIT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD ' s AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRIT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019). Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ET c) or crop consumptive use ( crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm) ; 
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Kc = crop coefficient (dimensionless); 

ETo = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short of water, ET o) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is: 

where: 

ETo = standardized reference crop evapotranspiration for (grass) short crop 

L1 = slope of the saturation vapor pressure-temperature curve 

Rn = net radiation at the crop surface 

y = psychrometric constant 

T = mean daily air temperature measured at 1.5-2 m above ground level 

u2 = mean daily wind speed measured at 2 m above ground level 

es = saturation vapor pressure 

ea = mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al., 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005). 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Co lo rado River Indian Reservation (https :/ /www. us br. gov /le/reg ion/ g4000/wtracct. html): 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33.863015, Longitude -114.472974, Elev. 302ft above MSL 

Daily weather and ETo data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potential crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet), Bermuda hay, 
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Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/lc/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to corn, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B of NRCE (2016). 

In the case of alfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (IID). In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. (1998). The results were presented as ratios of actual ET to potential 

ET. Across IID the average ratio was found to be 0.85. For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the IID ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons of actual ET (as determined 

by remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate of actual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3.96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0. 76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or N etCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AFiac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project. This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035, the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual N etCU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ET o from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to, dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields. 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT's annual 

water order (as determined and approved through the 43 CPR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT' s 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035, which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit's pumping facilities. 
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H. Farm Unit: CRIT Farms MTA 700 Unit 

Farm Description and Location 

The CRIT Farms MT A 700 Unit is located on the Colorado River Indian Reservation within 

the Project service area with field parcels located within Sections 25 and 26 Township 6N Range 

22W (Gila and Salt River Meridian), La Paz County, Arizona. The MTA 700 Unit is bounded by 

the a levee and the USBR Palo Verde Drain on the west, irrigated cropland on the north and south, 

and Project Sub lateral Lower 90 on the east. Figure HI is an overview map of the Unit. Gross area 

of the unit is about 484.3 acres. A maximum of 465 .8 net field acres have been in irrigated crop 

production for at least the past 5 years. The acreage not in production is idle or occupied by hay 

and equipment storage yards, roads, canals, and drains. 

The irrigated cropland on the MTA 700 Unit is served primarily by Sub-lateral Lower 90 of 

the Project. Other farm units are served by Lower 90 downstream of this Unit and thus it cannot be 

turned off at the head gate or another upstream check structure. Farm gate turnouts on Sublateral 

Lower 90 serving the MT A 700 Unit will be chained and locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project. A total of up to 18 irrigated 

field parcels were identified within the actively irrigated area of the Unit (see Figure HI), although 

field parcel boundaries are noted to have changed with some consolidation or further subdivision 

apparent during the study period. Background aerial imagery in Figure HI is dated 2017 and from 

the USDA National Agriculture Aerial Imagery Program (NAIP): 

(http://www.fsa. usda. gov /pro grams-and-services/aerial-photography/imagery-pro grams/naip

imageryO. The CRIT field parcel delineations were found to show good agreement with the NAIP 

aerial imagery. 

Natural Resources Consulting Engineers, Inc. 14 



CRIT PROPOSED LANDS FOR SCP AND EC JCS EXJ-IIBIT A 2020 

Figure Hl. Overview Map of CRIT Farms MTA 700 Unit. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on the MTA 700 Unit for the years 2014-2018 

inclusive were available from annual crop survey work performed by the CRIT Water Resources 

Department (WRD) and are summarized in Table HI. The cropping pattern on the Project is 

determined by field survey each year and spatially referenced on Project maps using WRD's 

AGR05 field parcel polygon shapefile. The annual cropping pattern for the MTA 700 Unit is 

mapped in Figures H2-H6, for years 2014-2018, respectively. 

Table Hl. Cropping Patterns/Crop Mix of the CRIT Farms MTA 700 Unit, 2014-2018. 

Total 
Irrigated Grass 

Crop Small (Bermuda/ Grass Misc. Idle 
Year Acreage Alfalfa Cotton Grains Rye) (Sudan) Crops Acreage 

2014 465.8 100% 0% 0% 0% 0% 0% 4.2 

2015 465.8 100% 0% 0% 0% 0% 0% 4.2 
2016 465.8 100% 0% 0% 0% 0% 0% 4.2 
2017 465.8 100% 0% 0% 0% 0% 0% 4.2 
2018 465.8 33% 34% 0% 34% 0% 0% 4.2 

Average 87% 7% 0% 7% 0% 0% 
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Figure H2. Cropping Pattern on CRIT Farms MTA 700 Unit in 2014. 
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Figure H3. Cropping Pattern on CRIT Farms MTA 700 Unit in 2015. 
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Figure H4. Cropping Pattern on CRIT Farms MTA 700 Unit in 2016. 
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Figure HS. Cropping Pattern on CRIT Farms MTA 700 Unit in 2017. 
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Figure H6. Cropping Pattern on CRIT Farms MTA 700 Unit in 2018. 
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Estimated Crop Evapotranspiration 

Table H2 below presents estimated annual and 5-year average reference ETo and crop ET 

(inches/year) for crops grown on the Reservation during the 5-year study period using weather 

data from the AZMET Parker No. 2 weather station. 

Table H2. Annual and 5-year Average Reference ET o and crop ET (inches/year) for Reservation 
Crops for 2014-2018. 

Grass 
Reference Small (Bermuda/ Grass 

Year ETo1 Alfalfa Cotton Grains Rye) (Sudan) Misc. Crops 
2014 75.11 67.9 37.7 24.5 49.6 44.6 44.9 
2015 75 .19 68.2 39.1 23.0 49.7 43.8 44.5 
2016 81.43 73.9 43.2 24.3 53.7 46.4 48.0 
2017 77.70 70.5 40.5 23.6 50.9 46.2 46.2 
2018 76.86 69.7 40.1 24.5 50.5 46.2 46.1 

Average (in) 70.0 40.1 24.0 50.9 45.4 45.9 
Average (af/ac) 5.84 3.34 2.00 4.24 3.79 3.83 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 

Estimated Net Consumptive Irrigation Water Use and Diversion Requirement 

Table H3 below presents reference ET 0, area-weighted average crop ET, effective 

precipitation, area-weighted average net consumptive use (NetCU), and associated diversion 

requirement (diversion reduction) for each year of the study period, and as an average of the 5-year 

period: 2014-18, based on the crop acreage and cropping pattern/mix discussed above. The 

estimated average annual unit area consumptive use on this Farm Unit for 2014-2018 is 5.50 AFiac. 

The total estimated volume of water conserved due to the proposed fallowing of a maximum acreage 

of 465.8 acres on the Farm Unit is 2,562 AFY. Using an estimated average overall irrigation 

efficiency of 53.5%, the diversion requirement associated with this net water conservation is 4,789 

AFY. 
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Table H3. Annual and 5-year Average Reference ET 0, Area Weighted Crop ET, Effective 
Precipitation, Area Weighted Net CU and Diversion Reduction for 2014-2018. CRIT Farms MTA 
700 Unit. 

Weighted Weighted Net 
Average Average Net Net Crop Consumptive 

Reference Actual Crop Effective Consumptive Area Use Diversion 
Year ET/ ET (ETa)2 Precip. Use Fallowed Demand3 Reduction4 

(1) (2) (3) (4) (5) (6) (7) (8) 
(in) (in) (in) (in) (ac) (AF) (AF) 

2014 75.11 67.87 0.30 67.57 465.8 2,623 4,903 

2015 75.19 68.19 0.93 67.25 465.8 2,611 4,880 

2016 81.43 73.89 1.03 72.86 465.8 2,828 5,286 

2017 77.70 70.51 0.82 69.69 465.8 2,705 5,056 

2018 76.86 53.27 0.70 52.68 465.8 2,045 3,822 

Average 77.26 66.75 0.76 66.01 465.8 2,562 4,789 

Unit area Net CU (AFiac) 5.50 

Max acreage 465.8 2,562 4,789 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 
2 Estimated actual crop ET accounting for water stress and less than ideal growth conditions. 

Weighted average calculated using irrigated acreages. 
3 Column (5) divided by 12 and multiplied by Column (6) 
4 Column (8) divided by overall Project efficiency 
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The monthly distribution of the total average annual NetCU saving and total average 

annual diversion reduction for CRIT Farms MT A 700 Unit is presented in Table H4. 

Table H4. Monthly Distribution of Net Consumptive Use and Associated Diversion Reduction, CRIT 
Farms MT A 700 Unit, 2014-2018. 

Average annual Alfalfa Monthly Net 
Crop ET (in) for period Consumptive Use Monthly Diversion 

Month of analysis Demand Reduction 

(inches) % of total (AF) (AF) 

January 2.02 2.88% 73.9 138.1 
February 3.57 5.09% 130.5 243.9 

March 4.82 6.87% 176.1 329.1 
April 6.83 9.74% 249.5 466.4 
May 7.93 11.3 1% 289.9 541.8 

June 9.09 12.96% 332.0 620.6 
July 9.20 13.13% 336.3 628.7 
August 8.71 12.42% 318.3 595.0 
September 7.80 11.12% 285.0 532.7 

October 4.40 6.28% 160.9 300.7 

November 2.72 3.88% 99.3 185.7 
December 3.03 4.32% 110.6 206.8 
Annual 70.12 100.00% 2,562.3 4,789.4 
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TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq. , Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 

EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

I. FARM UNIT: CRIT FARMS SHAWLER RANCH UNIT 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation Program (SCP) and Extraordinary Conservation Intentionally 

Created Surplus Program (EC ICS). Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 
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diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately b'elow during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC JCS through 

fallowing of specific Farm Units for various periods of time during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC JCS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Reservation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe ' s Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627-October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MTA 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC JCS creation in 2019. CRIT proposes to use the sites listed in Table 1 
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Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT ICS in 2019 and System Conservation and ICS in 2020. 

Su.m:man,, of CRIT ICS for 2 019 

Iffidenry Diversion 
NetConsumptin F.actor* Reduction 

Use 
Mu. Net 

Time Irrigated Anrage Annual Annual 

Unit Name Period Acreage An. Croppin& Pattun AFiac AFY AFY 

6627* MTAFana.s 2014-18 18S4.0 
80% alfalfa 20% Sudan 

539 1,470 0501 2,934 
;i;rass 

43% alfalfa 35% cotton 14% 
!>03S** Rayner 2013-17 1055.7 Bennuda (grass hay) 8% 4.55 .~Oil 0.501 9,~i89 

Sudan 

Tota.ls 2;940 6,.274 12,523 

* Oct 1 2019-Dec 31 2019 only 

** estimates in this table for 9035 are based on 2013-2017USGS cropping data 

Sllllllllrv of CRIT System Consen-ation .and ICS for 2020 (Sntem Conserntion in t'l:cess of 50,000 AF 11ill ~ considered ICS). 

Total 'et Net Consumptive Use 
Consv.mptive Use Proration 

Mu. Net System 
Time lrri&ated Avenge . .\nmul 

Consen-ation 
ICICS 

Unit Name Period Acre•ge Ave. Cropping Pattern .Y.la.c .ID' 
• .\FY 

AFY 

·6627 l\UAFana.s 2014--lS l&S4.0 
SO% alfalfa 20% Sudan 

5.39 l0,157 '.9,450. 7062 
grass 

58% alfalfa 1% small gain 
6% Bmnuda (grass hay) 

·6808 •Qu:tilMesa 2014-18 370..t.6 llo/o Sudan 21% 4.89 U ,l30 1·6,869.7 1,260.6 
:!l.•fis•cella:neous (onion,, 

game, com, potato) 

64% alfalfa L cotton 6 o 

small grain 13 o Bennuda 
,6693 l\ITAFana.s 201-1-18 1183.9 (grass hay) l %, Sudan 4.97 5,88.6 5, 63 092 

21% :r,.,fiscellaneous (onion, 

garlic, com, potato) 

CRIT 
60% alfalfa 5% ,cotton l . ·~ 

Farms 
Ykto.ri.o 2014-IS 406.8 small grain 12 E. Bennuda 4.61 l,S7 1, 6.5 130.5 

(grass hay) 53/o Sudan 

CRIT 
Frimann 2014-18 67 .7 

52% alfalfa 26 o cotton lSo/o 
43 1 2,951 2, 45 .4 2052 

Farms snwl l!1'ain 4% Su.dan 

73% alfalfa 19 b•cotton 6% 
CRIT 

CRITil 2014-18 1238. 
small gain 2 E, 

5.04 6,24 5,812.4 4343 
farms lMis.cellaneous (onion, 

garlic, com, potato) 

CRIT 
l\ITA 700 2014-lS ~5.S 

86% alfalfa % ·cotton % 
5.50 2,562 2.m.s 178.l 

Farms Bennuda (grass hay) 

CRIT Shawler 
2014-18 39.5 

69% alfalfa 30% cotton 2% 
5.02 2,206 2,052.9 153.4 

Fana.s Rmch Sudan 

52% alfalfa 32% cotton 12% 
903SH* Rayner 2013-17 788.0 Bermuda (grass hay) J" 4.n 3, 21 3.,462 259 

Sudan 

Tota.ls 10,786 53,736 50,000 3,H6 

* based on Project overall u •erage irrigation efficiency equal to 53.5% 
0 based on Project CUIDivcrsion ratio of 0.4 5 for 2018 using methodology designated in the LBOps ICS Exhibit S forCRIT. 

*** estimates in this table for 9035 are based on 2013-201 USGS cropping data with line.ar mon sprinkler are.a removed; 

Diversion Reduction 
Proration 

System 
Consen-ation* 

ICICS** 

AFY 
A.FY 

17,664.8 1,486.7 

31,5322 2;653 .9 

10,236.1 861.5 

3,264.4 274.7 

5,131.7 431.9 

10,864.4 91 .4 

4,455.7 375.0 

3,837.2 323.0 

5,770 545 

92,m 7,866 

and, for Syst'1!1 Conservation diversion reduction, an overall average irrig ation efficiency for direct pumping from River equal to 60% 
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RNfuction 

AD.Dual 
AIY 

l9,l52 

34,1&6 

11,09& 

3)39 

5,564 

H,J-79 

4,831 

4,160 

6.,m 

100,623 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC JCS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each field 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017) . 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops ( onions, garlic, corn, potato) (NRCE, 2016). 
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Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRJT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD ' s AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRJT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019). Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ETc) or crop consumptive use (crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm) ; 
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Kc = crop coefficient (dimensionless); 

ETo = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short of water, ET o) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is: 

900 
0.408LlRn + y T + 273 U2(e5 - ea) 

ETa = 
Ll + y(l + 0.34uz) 

where: 

ETo = standardized reference crop evapotranspiration for (grass) short crop 

L1 = slope of the saturation vapor pressure-temperature curve 

Rn = net radiation at the crop surface 

y = psychrometric constant 

T = mean daily air temperature measured at 1.5-2 m above ground level 

u2 = mean daily wind speed measured at 2 m above ground level 

es = saturation vapor pressure 

ea = mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al. , 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005). 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Colorado River Indian Reservation (https://www.usbr.gov/lc/region/g4000/wtracct.html) : 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33.863015, Longitude -114.472974, Elev. 302ft above MSL 

Daily weather and ETo data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potential crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet), Bermuda hay, 
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Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/1c/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to com, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B ofNRCE (2016). 

In the case of alfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (IID). In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. (1998). The results were presented as ratios of actual ET to potential 

ET. Across IID the average ratio was found to be 0.85. For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the IID ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons of actual ET ( as determined 

by remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate of actual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3. 96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0. 76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or NetCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AFiac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project. This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035, the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual Net CU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ET o from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to, dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields. 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT's annual 

water order (as determined and approved through the 43 CFR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT's 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035 , which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit 's pumping facilities. 
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l Farm Unit: CRIT Farms Shawler Ranch Unit 

Farm Description and Location 

The CRIT Farms Shawler Ranch Unit is located on the Colorado River Indian Reservation 

within the Project service area with field parcels located within Sections 25, 27 and 34 Township 

7N Range 21 W (Gila and Salt River Meridian), La Paz County, Arizona. The Shawler Ranch Unit 

is not one contiguous block but contains three separate subunits (8 parcels in Section 25, 2 parcels 

in Section 27, and 3 parcels in Section 34). It is generally bounded by Navajo Road on the south, 

Peterson Road on the north and 14th Avenue on the west and 10th Avenue on the east. Figure 11 is 

an overview map of the Unit. Gross area of the unit is about 454.9 acres. A maximum of 439.5 net 

field acres have been in irrigated crop production for at least the past 5 years. The acreage not in 

production is idle or occupied by hay and equipment storage yards, roads, canals, and drains. 

The irrigated cropland on the Shawler Ranch Unit is served primarily by sub-laterals 73-36 

and 73-36-7 of the Project. Other farm units are served by these sub-laterals and thus they cannot 

be turned off at the head gate or another upstream check structure. Farm gate turnouts on the sub

laterals serving the Shawler Ranch Unit (subunits) will be chained and locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project. A total of up to 13 irrigated 

field parcels were identified within the actively irrigated area of the Unit (see Figure 11). 

Background aerial imagery in Figure Hl is dated 2017 and from the USDA National Agriculture 

Aerial Imagery Program (NAIP): (http://www.fsa.usda.gov/programs-and-services/aerial

photography/imagery-programs/naip-imagery/). The CRIT field parcel delineations were found to 

show good agreement with the NAIP aerial imagery. 
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Figure 11. Overview Map of CRIT Farms Shawler Ranch Unit. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on the Shawler Ranch Unit for the years 2014-

2018 inclusive were available from CRIT Farms and are summarized in Table II. The cropping 

pattern on the Project is determined by field survey each year and spatially referenced on Project 

maps using WRD ' s AGR05 field parcel polygon shapefile. The annual cropping pattern for the 

Shawler Ranch Unit is mapped in Figures 12-16, for years 2014-2018, respectively. 

Table 11. Cropping Patterns/Crop Mix of the CRIT Farms Shawler Ranch Unit, 2014-2018. 

Total Grass 
Irrigated Alfalfa - Small (Bermuda/ Grass Misc. Idle 

Year Crops Perennial Cotton Grains Rye) (Sudan) Crops Acreage 
2014 439.5 72% 28% 0% 0% 0% 0% 15.4 
2015 439.5 100% 0% 0% 0% 0% 0% 15.4 

2016 424.5 63% 37% 0% 0% 0% 0% 30.4 
2017 424.5 55% 37% 0% 0% 8% 0% 30.4 
2018 424.5 55% 45% 0% 0% 0% 0% 30.4 

Average 69% 30% 0% 0% 2% 0% 
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Figure 12. Cropping Pattern on CRIT Farms Shawler Ranch Unit in 2014. 
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Figure 13. Cropping Pattern on CRIT Farms Shawler Ranch Unit in 2015. 
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Figure 14. Cropping Pattern on CRIT Farms Shawler Ranch Unit in 2016. 
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Figure 15. Cropping Pattern on CRIT Farms Shawler Ranch Unit in 2017. 
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Figure 16. Cropping Pattern on CRIT Farms Shawler Ranch Unit in 2018. 
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Estimated Crop Evapotranspiration 

Table 12 below presents estimated annual and 5-year average reference ETo and crop ET 

(inches/year) for crops grown on the Reservation during the 5-year study period using weather 

data from the AZMET Parker No. 2 weather station. 

Table 12. Annual and 5-year Average Reference ET o and crop ET (inches/year) for Reservation 
Crops for 2014-2018. 

Grass 
Reference Small (Bermuda/ Grass 

Year ETo1 Alfalfa Cotton Grains Rye) (Sudan) Misc. Crops 
2014 75.11 67.9 37.7 24.5 49.6 44.6 44.9 
2015 75.19 68.2 39.1 23.0 49.7 43.8 44.5 
2016 81.43 73.9 43.2 24.3 53.7 46.4 48.0 
2017 77.70 70.5 40.5 23.6 50.9 46.2 46.2 
2018 76.86 69.7 40.1 24.5 50.5 46.2 46.1 

Average (in) 70.0 40.1 24.0 50.9 45.4 45.9 
Average (af/ac) 5.84 3.34 2.00 4.24 3.79 3.83 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 

Estimated Net Consumptive Irrigation Water Use and Diversion Requirement 

Table I3 below presents reference ETo, area-weighted average crop ET, effective 

precipitation, area-weighted average net consumptive use (NetCU), and associated diversion 

requirement (diversion reduction) for each year of the study period, and as an average of the 5-year 

period: 2014-18, based on the crop acreage and cropping pattern/mix discussed above. The 

estimated average annual unit area consumptive use on this Farm Unit for 2014-2018 is 5.02 AFiac. 

The total estimated volume of water conserved due to the proposed fallowing of a maximum acreage 

of 439.5 acres on the Farm Unit is 2,206 AFY. Using an estimated average overall irrigation 

efficien.cy of 53.5%, the diversion requirement associated with this net water conservation is 4,124 

AFY. 
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Table 13. Annual and 5-year Average Reference ET0 , Area Weighted Crop ET, Effective 
Precipitation, Area Weighted Net CU and Diversion Reduction for 2014-2018. CRIT Farms Shawler 
Ranch Unit. 

Weighted 
Average Net Actual 
Actual Net Actual Net Crop Consumptive 

Reference Crop ET Effective Consumptive Area Use 
Year ET/ (ETa)2 Precip. Use Fallowed Demand3 

(1) (2) (3) (4) (5) (6) (7) 

(in) (in) (in) (in) (ac) (AF) 
2014 75.11 59.42 0.30 59.18 439.5 2,168 
2015 75.19 68.19 0.93 67.25 439.5 2,463 
2016 81.43 62.40 1.03 61.73 424.5 2,184 
2017 77.70 57.46 0.82 57.00 424.5 2,017 
2018 76.86 56.38 0.70 55.83 424.5 1,975 

Average 77.26 60.77 0.76 60.20 430.5 2,161 

5.02 

Max acreage 439.5 2,206 
1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 
2 Estimated actual crop ET accounting for water stress and less than ideal growth conditions. 
Weighted average calculated using irrigated acreages. 
3 Column (5) divided by 12 and multiplied by Column (6) 
4 Column (8) divided by overall Project efficiency 
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The monthly distribution of the total average annual NetCU saving and total average 

annual diversion reduction for CRIT Farms Shawler Ranch Unit is presented in Table 14. 

Table 14. Monthly Distribution of Net Consumptive Use and Associated Diversion Reduction, CRIT 
Farms Shawler Ranch Unit, 2014-2018. 

Mean annual 
Alfalfa Crop ET Monthly Net Actual Monthly Diversion 
(in) for period of Consumptive Use Reduction at Headgate 

Month analysis % of total Demand (AF) Rock Dam (AF) 
January 2.02 2.88% 63.6 118.9 
February 3.57 5.09% 112.4 210.0 
March 4.82 6.87% 151.6 283.4 
April 6.83 9.74% 214. 8 401.6 
May 7.93 11.31% 249.6 466.6 
June 9.09 12.96% 285.9 534.4 
July 9.20 13 .13% 289.6 541.3 
August 8.71 12.42% 274. 1 51 2.3 
September 7.80 11.12% 245.4 458.7 
October 4.40 6.28% 138.5 258.9 
November 2.72 3.88% 85.5 159.9 
December 3.03 4.32% 95.3 178.1 
Annual 70.12 100.00% 2,206.4 4,124.0 
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TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq., Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 

EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

E. Fann Unit: CRIT Fanns Victorio Unit 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation (SC) Program and Extraordinary Conservation Intentionally 

Created Surplus (EC ICS) Program. Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 
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diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately below during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC JCS through 

fallowing of specific Farm Units for various periods of time during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC JCS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Reservation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe ' s Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627-October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MTA 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC JCS creation in 2019. CRIT proposes to use all sites listed in Table 1 
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Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT ICS in 2019 and System Conservation and ICS in 2020. 

SUJ11JD:u-y of CRITICS for 2019 

Iffkieney Dinrsion 
NetCons11D1ptin Factor* RNluction 

Use 
Mu.Nn 

Time IrrigatNI Avenge ADDllal Annual 

Un.it Name Period Acrua;e An. Croppin& Pattern AFiac AFY AFY 

6627 * ITAFarms 2014-18 18 .0 
80 o alfalfa 20% Sudan 

B9 1,470 0.501 2;934 
ll;rl.SS 

43% alfalfa 35% c otton l o/o 
!>03S** Ra)--ner 2013-1 1055.7 Bmnuda (gmss hay) 8% 4.)5 ,804 0.501 9,589 

Sudan 

Totals 2,~o 6,274 12,523 

• Oct 1 2019-Dec 31 20l9 only 

** estimates in this table for 9035 are band 00 2013-2017 USGS cropping data 

SIUDlarv of CRIT System Conserntion ad ICS for "0.,0 (Sn tem Consenation in e:xcess of SO 000 :\F 1rill ff co-.slclerNI ICS). - - , 

Total ' et Net Coasampti..-e U.se 
Cons11JRpfue Use Proration 

Mu. Net Systna 
Time lrri&mcl Annie Annual 

Consen-1tion 
ECICS 

Unit I.Jilt Period Acrtt1e Are. Croppina; Pattern AFiac .m' 
AFY 

AF\:' 

6627 ITAFanns 2014--lS 1884.0 
SO% alfalfa 20% Sudan 

5.39 10,157 9,4-50.7 7062 
yass 

5 8• · alfalfa , o small _grain 
•6% Bmnuda (grass hay) 

6808 ·Quail l es.a 2014--18 37 .6 H oSudan 21% 4.&9 l&,130 16,869.7 1,260.6 
ri..fucelaneous (onion, 

game, com, potato) 

64, oalfalfa Lo c.otton 6 o 

sman grain 13 1o Bennuda 
66!>3 l\ITAFana.s 201 lS 11&3.:9 (grass hay) 1 % Sudan 4.97 5,886 5, 76.3 09.2 

21% :Miscellaneous ( onion, 
garlic, c om, potato) 

CRIT 
60% alulfa 5% cotton 1- ,'o 

Fanas 
Yictorio .20U:--IS 06..S smaD.grain 121>. Bmnuda 4.61 1,S l, 46.5 130.5 

(grass hay) 5 , o Sudan 

CRIT 
Frimma 2014--18 61 . 

m'o alfalfa 26% cotton l 8% 
4.37 2,951 2-. 4H 205.2 

Fanas small =ain 4% Sudan 

7.3 -'o alfalfa 19 cotton 6% 

CRIT 
CRITB 2014--- lS 1238. 

sman grain 2 'o 
5.04 6,247 5,812.4 434.3 

Farms l\.fiscellaneous (onion, 
garlic, com, potato) 

CRIT 
l\ITA 700 2014--- lS 455.S 

S6o/o alfalfa 'ocotton 7% 
5.50 2,5-62 2,.3&.3 .8 1 8. l 

Famas Bermuda (grass hay) 

CRIT Sb1rlrr 
2014-- lS 4,9.5 

69, · alfalfa. 30% cotton 2% 
5.02 2,206 2,052.9 153.4 

F1rm.s Ranch Sudan 

52'-o alfalfa 32 o cotton 12 o 
90~5*** Rayner 2013- l7 88.0 Bmnuda (gmss hay) 4% 4.n 3,nt 3,462 259 

Sudan 

Totals 10;786 53,736 50,000 3,736 

* based on Project overall average irrigation efficiency equal t o 535% 

•• based on Project CU/Diversion ratio of 0. 5 for 2018 using methodology designated in the LBOps JCS Exhibit S for CRIT. 

*** estimates in this table for 9035 are based on 2013--201 USGS a-opping data ,vith line.ar move sprinkler area removed; 

Di..-enion Recf•ctioa 
Proration 

System 
Consen-ation* 

ECICS** 

.UY 
.UY 

17,664.8 l,4-86.7 

31,532.2 l,653:9 

10,236.l 8615 

3).6-t. 274. 

5,13 1.7 31.9 

10,864.4 9l4.4 

,455.7 m.o 

3,837.2 323.0 

5,170 54-5 

92,m 7,866 

and, for System Constjv ation divers.ion reduction, an o,·erall averag e irrig ation efficiency for direct pumping from River equal t o 60% 
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Annual 
• .\FY 
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34,1'6 

ll,098 

3,539 

5~64 

11,7 9 

,S31 

4,160 

6,.315 

100,623 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC ICS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each field 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017). 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops (onions, garlic, corn, potato) (NRCE, 2016). 
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Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRIT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD's AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRIT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019). Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ET c) or crop consumptive use ( crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm); 
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Kc = crop coefficient (dimensionless); 

ET o = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short of water, ET o) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is: 

where: 

ETo 

L1 

Rn 

y 

T 

u2 

es 

ea 

900 
0.408LiRn + y T + 273 U2(e5 - ea) 

ETo = 
Li + y(l + 0.34u2) 

= standardized reference crop evapotranspiration for (grass) short crop 

= slope of the saturation vapor pressure-temperature curve 

= net radiation at the crop surface 

= psychrometric constant 

= mean daily air temperature measured at 1.5-2 m above ground level 

= mean daily wind speed measured at 2 m above ground level 

= saturation vapor pressure 

= mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al. , 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005). 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Colorado River Indian Reservation (https://www.usbr.gov/le/region/ g4000/wtracct.html): 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33.863015, Longitude -114.472974, Elev. 302ft above MSL 

Daily weather and ETo data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potential crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet), Bermuda hay, 
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Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/1c/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to corn, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B ofNRCE (2016). 

In the case of alfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (IID). In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. (1998). The results were presented as ratios ofactual ET to potential 

ET. Across IID the average ratio was found to be 0.85 . For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the IID ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons ofactual ET (as determined 

by remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate of actual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3.96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0.76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or NetCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AFiac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project. This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035, the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual NetCU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ET o from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to, dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields . 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT's annual 

water order (as determined and approved through the 43 CFR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT's 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035 , which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit ' s pumping facilities. 
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E Farm Unit: CRIT Farms Victorio Unit 

Farm Description and Location 

The CRIT Farms Victorio Unit is located on the Colorado River Indian Reservation within 

the Project service area with field parcels located within Sections 33 and 34 Township 6N Range 

21 W ( Gila and Salt River Meridian), La Paz County, Arizona. The Victorio Unit is bounded by 17th 

Avenue on the west, Farm Unit 6693 on the north, Mesa Drain on the east and idle land on the south. 

Figure El is an overview map of the Unit. A maximum of 424.7 net field acres have been in 

irrigated crop production for at least the past 5 years. The acreage not in production is idle or 

occupied by hay and equipment storage yards, roads, canals, and drains. 

The irrigated cropland on the Victorio Unit is served primarily by Sub-lateral 90-56 of the 

Project. This sublateral serves other farm fields in the area and thus cannot be turned off at the head 

gate. Farm gate turnouts on Sublateral 90-56 serving the Victorio Unit will be chained and locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project. A total of up to 19 irrigated 

field parcels were identified within the actively irrigated area of the Unit (see Figure El), although 

field parcel boundaries are noted to have changed with some consolidation or further subdivision 

apparent during the study period. Background aerial imagery in Figure El is dated 2017 and from 

the USDA National Agriculture Aerial Imagery Program (NAIP): 

(http://www.fsa.usda.gov/programs-and-services/aerial-photography/imagery-programs/naip

imagery/) . The CRIT field parcel delineations were found to show good agreement with the NAIP 

aerial imagery. 
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Figure El. Overview Map of CRIT Farms Victorio Unit. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on the Victoria Unit for the years 2014-2018 

inclusive were available from annual crop survey work performed by the CRIT Water Resources 

Department (WRD) and are summarized in Table E 1. The cropping pattern on the Project is 

determined by field survey each year and spatially referenced on Project maps using WRD's 

AGR05 field parcel polygon shapefile. The annual cropping pattern for the Victoria Unit is 

mapped in Figures E2-E6, for years 2014-2018, respectively. 

Table El. Cropping Patterns/Crop Mix of the CRIT Farms Victorio Unit, 2014-2018. 

Total 
Irrigated Grass 

Crop Small (Bermuda/ Grass Misc. Idle 
Year Acreage Alfalfa Cotton Grains Rye) (Sudan) Crops Acreage 

2014 370.7 95% 0% 0% 5% 0% 0% 54.0 

2015 406.8 87% 0% 0% 13% 0% 0% 17.9 

2016 406.8 0% 0% 87% 13% 0% 0% 17.9 

2017 406.8 59% 0% 0% 13% 27% 0% 17.9 

2018 406.8 59% 27% 0% 13% 0% 0% 17.9 

Average 60% 5% 17% 12% 5% 0% 
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Figure E2. Cropping Pattern on CRIT Farms Victorio Unit in 2014. 
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Figure E3. Cropping Pattern on CRIT Farms Victorio Unit in 2015. 
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Figure E4. Cropping Pattern on CRIT Farms Victorio Unit in 2016. 
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Figure ES. Cropping Pattern on CRIT Farms Victorio Unit in 2017. 
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Figure E6. Cropping Pattern on CRIT Farms Victorio Unit in 2018. 
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Estimated Crop Evapotranspiration 

Table E2 below presents estimated annual and 5-year average reference ETo and crop ET 

(inches/year) for crops grown on the Reservation during the 5-year study period using weather 

data from the AZMET Parker No. 2 weather station. 

Table E2. Annual and 5-year Average Reference ET o and crop ET (inches/year) for Reservation 
Crops for 2014-2018. 

Grass 
Reference Small (Bermuda/ Grass 

Year ETo1 Alfalfa Cotton Grains Rye) (Sudan) Misc. Crops 
2014 75.11 67.9 37.7 24.5 49.6 44.6 44.9 
2015 75.19 68.2 39.1 23.0 49.7 43.8 44.5 
2016 81.43 73.9 43.2 24.3 53.7 46.4 48.0 
2017 77.70 70.5 40.5 23.6 50.9 46.2 46.2 
2018 76.86 69.7 40.1 24.5 50.5 46.2 46.1 

Average (in) 70.0 40.1 24.0 50.9 45.4 45.9 
Average (af/ac) 5.84 3.34 2.00 4.24 3.79 3.83 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 

Estimated Net Consumptive Irrigation Water Use and Diversion Requirement 

Table E3 below presents reference ET o, area-weighted average crop ET, effective 

precipitation, area-weighted average net consumptive use (NetCU), and associated diversion 

requirement (diversion reduction) for each year of the study period, and as an average of the 5-year 

period: 2014-18, based on the crop acreage and cropping pattern/mix discussed above. The 

estimated average annual unit area consumptive use on this Farm Unit for 2014-2018 is 4.61 AFiac. 

The total estimated volume of water conserved due to the proposed fallowing of a maximum acreage 

of 406.8 acres on the Farm Unit is 1,877 AFY. Using an estimated average overall irrigation 

efficiency of 53.5%, the diversion requirement associated with this net water conservation is 3,508 

AFY. 
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Table E3. Annual and 5-year Average Reference ET0 , Area Weighted Crop ET, Effective 
Precipitation, Area Weighted Net CU and Diversion Reduction for 2014-2018. CRIT Farms Victorio 
Unit. 

Weighted Weighted Net 
Average Average Net Net Crop Consumptive 

Reference Actual Crop Effective Consumptive Area Use Diversion 
Year ETo1 ET (ETa)2 Precip. Use Fallowed Demand3 Reduction4 

(1) (2) (3) (4) (5) (6) (7) (8) 
(in) (in) (in) (in) (ac) (AF) (AF) 

2014 75.11 66.99 0.30 66.68 370.7 2,060 3,850 

2015 75.19 65.73 0.93 64.80 406.8 2, 197 4,106 

2016 81.43 28.20 1.03 27.24 406.8 923 1,726 

2017 77.70 61.25 0.82 60.66 406.8 2,056 3,843 

2018 76.86 59.06 0.70 58.45 406.8 1,981 3,704 

Average 77.26 56.25 0.76 55.57 399.6 1,844 3,446 

Unit area Net CU (AFiac) 4.61 

Max acreage 406.8 1,877 3,508 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 
2 Estimated actual crop ET accounting for water stress and less than ideal growth conditions. 

Weighted average calculated using irrigated acreages. 
3 Column (5) divided by 12 and multiplied by Column (6) 
4 Column (8) divided by overall Project efficiency 
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The monthly distribution of the total average annual NetCU saving and total average 

annual diversion reduction for CRIT Farms Victoria Unit is presented in Table E4. 

Table E4. Monthly Distribution of Net Consumptive Use and Associated Diversion Reduction, CRIT 
Farms Victorio Unit, 2014-2018. 

Average annual Alfalfa Monthly Net 
Crop ET (in) for period Consumptive Use Monthly Diversion 

Month of analysis Demand Reduction 
(inches) % of total (AF) (AF) 

January 2.02 2.88% 54.1 101.1 
February 3.57 5.09% 95.6 178.6 
March 4.82 6.87% 129.0 241.1 
April 6.83 9.74% 182. 8 341.6 
May 7.93 11.31% 212.3 396.9 
June 9.09 12.96% 243.2 454.6 
July 9.20 13.13% 246.4 460.5 
August 8.71 12.42% 233.2 435.8 
September 7.80 11.12% 208.7 390.2 
October 4.40 6.28% 117.8 220.2 

November 2.72 3.88% 72.8 136.0 
December 3.03 4.32% 81.0 151.5 
Annual 70.12 100.00% 1,876.8 3,508.1 
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131 Lincoln Ave, Suite 300 
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Phone: (970) 224-1851/Fax: (970) 224-1885 

TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq. , Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 

EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

A. FARM UNIT: MTA 6627 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation (SC) Program and Extraordinary Conservation Intentionally 

Created Surplus (EC ICS) Program. Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 

Natural Resources Consulting Engineers, Inc. 



CRJT P RO POSED LANDS F OR SCP AND EC JCS EXHIBIT A 2020 

diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately below during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC JCS through 

fallowing of specific Farm Units for various periods of time during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC JCS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Reservation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe ' s Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627- October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MT A 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC JCS creation in 2019. CRIT proposes to use all sites listed in Table 1 
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Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT ICS in 2019 and System Conservation and ICS in 2020. 

Summaryo(CRIT ICS ror10l !> 

Ifflcitncy Dinnion 
Ntt Con.sumptin Factor* Rtdu.ction 

Use 
Mu. Ntt 

Tinlt Irrigated Avtragt Annul Allllual 

Unit Name Ptriod Acru1e Arr. Croppin& Patttrn AF/ar AFY AF\' 

6627* MTAFarm.s 2014-18 1884.0 
SO o alfalfa 20% Sudan 

IUllSS 
539 l,470 0.501 2,934 

43% alfalfa 35% -cotton 14% 
903S** Raynrr 2013-17 1055. Bennuda (grass hay) 8% 4.55 4,804 0.501 9,589 

Sudan 

Totals 2,940 6,.274 12,523 

• Oct 11019-Dec 31 201'9 only 

** estimates in this table for !>035 are ban d 00 2013-2017 USOS cropping dat a 

Sllllllllarv or CRIT Sn tem C cmnrntio• mcl ICS for "0"0 (Svstffll Conimi-atioa. in e~cess of SO 000 :\F ..-ill ff cusicltrtd ICS). - - . ,, 

Total Tet Net C~aslllllJ'f:ive U.st 
Cons1Ullpth'e Use Proration 

l\la.L Net System 
ADD:ul [CICS TiDle Irri&ated Anra1e Consen-atioa. 

Unit a.me Period Acreage An. Cropping Pattern AF/at .-UY 
AFY 

AF\:' 

6611 l\ffA Farm.s 2014-18 lSS4.0 
SO% alfalfa 20o/o Sudan 

B9 l0,157 9,450.7 706.2 
grass 

58% alfalfa ¾ small grain 

6% Bmnuda (grass bay) 
6808 ·Quail Mes.a 201 18 370-1.6 ll¾ Sudan 21ro 4.89 18,130 16,869.7 1,260.6 

~fiscenane.ous (onion, 

garlic, c om, pot at o) 

6.1% alfalfa L o cotton 6% 

small grain 13% Bmnuda 

6693 l\ITA Farm.s 20U-lS ll83.9 (grass hay) 1 % Sudan 4.9 5,SS6 5, 63 092 
2l % Misodlaneous ( oni~ 

game, com, potato) 

C'RIT 
60 ro alfalfa 5% cotton 1 % 

Fa.rm.s 
Yk torio 2014-18 06 . .S small grain 12 Bmnuda 4.61 1,8 1, U.5 l30.5 

(grass hay) 5% Sudan 

C'RIT 
Fri:ma.na 2014-18 67 . 

52% alfalfa 26 o c otton 18% 
4.3 2,951 2, 45.4 2052 

Fanas small imun 4% Sudan 

3% alfalfa 19 . o cotton 6% 
CRIT 

CRITll 201 18 1238. 
small grain 2% 

5.04 6,.2 5,812.4 4343 
Farm.s l\fiscellaneou s (onion, 

g ame, com, potato) 

C'RIT 
l\ITA 700 201 18 465.8 

86% alfalfa ocotto.n 0 
5JO 2,,5152 2,3&3.S l SJ 

Farm s Bmnuda (grass hay) 

CRIT Shawler 
2014-18 39-5 

69% alfalfa 30% cotton 2% 
5a02 2,206 2,.052.9 l53.4 

Farms Ran.ch Sudan 

52% alfalfa 32% c otton 12% 
903S*** Rayner 2013-17 788.0 Bennuda (grass hay)4 4.72 3,721 3,462 259 

Sudan 

Totals 10,786 53,736 50,000 3,736 

* based on Project overall average migafion efficiency equal to 53.5% 

•• based on Project CU1Diversion ratio of 0. 5 for 201S using methodology designated in the LBOps JCS Exhibit S for CRIT. 

••• estimates in this table for 9035 an! based on 2013-201 7 USOS cropping data with linear mon sprinkler area removed; 

Diversion Redu.ction 
Proration 

System 
ECICS** 

Consen-ation* AFY 
AF\:' 

17,664.8 1,486.7 

31,5322 2,653.9 

l0,236.l 861.5 

3,,264.4 274.7 

5, l3 l.7 431.9 

10,&64.4 91 .4 

4,455.7 m.o 

3,8372 323.0 

5,770 545 

91,n1 7,866 

and, for System Conservation diversion reduction, an ov tta.11 average migation efficiency for direct pumping from River equal t o 60% 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC ICS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each fie ld 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017). 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops ( onions, garlic, com, potato) (NRCE, 2016). 
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Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRIT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD's AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRIT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019). Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ETc) or crop consumptive use ( crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields, under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm); 
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Kc = crop coefficient (dimensionless); 

ETo = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short of water, ETo) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is: 

where: 

ETo = standardized reference crop evapotranspiration for (grass) short crop 

,d = slope of the saturation vapor pressure-temperature curve 

Rn = net radiation at the crop surface 

y = psychrometric constant 

T = mean daily air temperature measured at 1.5-2 m above ground level 

u2 = mean daily wind speed measured at 2 m above ground level 

es = saturation vapor pressure 

ea = mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al., 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005). 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Colorado River Indian Reservation (https://www.usbr.gov/lc/region/g4000/wtracct.html) : 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33. 863015, Longitude -114.472974, Elev. 302ft above MSL 

Daily weather and ET o data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potential crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet), Bermuda hay, 
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Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/lc/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to corn, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B ofNRCE (2016). 

In the case ofalfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (IID). In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. ( 1998). The results were presented as ratios of actual ET to potential 

ET. Across IID the average ratio was found to be 0.85. For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the 11D ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons of actual ET ( as determined 

by remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate of actual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3.96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0.76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or NetCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AFiac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project . This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035, the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual NetCU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ET o from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to, dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields. 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT's annual 

water order (as determined and approved through the 43 CFR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT's 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035, which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit ' s pumping facilities. 
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A. Farm Unit: MTA 6627 

Farm Description and Location 

Farm Unit MTA 6627 (aka MTA Farms) is located on the Colorado River Indian Reservation 

within the Project service area with field parcels located within Sections 3, 4, 8, 9, 10, 16, and 17 

Township 6N Range 21 W (Gila and Salt River Meridian), La Paz County, Arizona. Unit 6627 is 

bounded by Mohave Road on the west, Navajo Road on the north, and Tsosie Road on the south. 

Figure Al is an overview map of the Unit. Gross land area of MTA Farms is 1,957.63 acres. 

Approximately a maximum of 1,884. 4 net field acres have been in irrigated crop production for at 

least the past 5 years. The acreage not in production is occupied by buildings, hay and equipment 

storage yards, roads, canals, and drains. 

The irrigated cropland on MT A Farms is served primarily by Sub-lateral 73-36 of the 

Project. This sub lateral serves other farm fields in the area and thus cannot be turned off at the head 

gate. Farm gate turnouts on Sublateral 73-36 serving MTA Farm will be chained and locked. An 

area of approximately 280 acres on MT A Farm is served water from Sub lateral 73-25R-37. This 

sublateral can be shut off at its headgate and the headgate chained and locked. An area of 

approximately 280 acres on MTA Farm is served water from left turnout #9 on Sublateral 90-56. 

This turnout can be chained and locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project A total of 66 irrigated field 

parcels were identified within the actively irrigated area of MTA Farms (see Figure Al). 

Background aerial imagery in Figure Al is dated 2017 and from the USDA National Agriculture 

Aerial Imagery Program (NAIP): (http://www.fsa.usda.gov/programs-and-services/aerial

photography/imagery-programs/naip-imagery/). The CRIT field parcel delineations were found to 

show good agreement with the NAIP aerial imagery. 
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Figure Al. Overview Map of Farm Unit MTA 6627. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on Farm Unit 6627 for the years 2014-2018 

inclusive were available from annual crop survey work performed by the CRIT Water Resources 

Department (WRD) and are summarized in Table Al. The cropping pattern on the Project is 

determined by field survey each year and spatially referenced on Project maps using WRD ' s 

AGR05 field parcel polygon shapefile. The annual cropping pattern for Farm Unit 6627 is 

mapped in Figures A2-A6, for years 2014-2018, respectively. 

Table Al. Cropping Patterns/Crop Mix of Unit MTA 6627: 2014-2018. 

Total 
Irrigated Grass 

Crop Small (Bermuda/ Grass Misc. Idle 
Year Acreage Alfalfa Cotton Grains Rye) (Sudan) Crops Acreage 

2014 1882.9 98% 0% 0% 0% 2% 0% 0.0 

2015 1882.9 100% 0% 0% 0% 0% 0% 0.0 

2016 1845.3 100% 0% 0% 0% 0% 0% 37.7 

2017 1884.0 100% 0% 0% 0% 0% 0% 0.0 

2018 1884.0 2% 0% 0% 0% 98% 0% 0.0 

Average 80% 0% 0% 0% 20% 0% 
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Figure A2. Cropping Pattern on Farm Unit MTA 6627 in 2014. 
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Figure A3. Cropping Pattern on Farm Unit MTA 6627 in 2015. 
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Figure A4. Cropping Pattern on Farm Unit MTA 6627 in 2016. 
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Figure AS. Cropping Pattern on Farm Unit MTA 6627 in 2017. 
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Figure A6. Cropping Pattern on Farm Unit MTA 6627 in 2018. 
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Estimated Crop Evapotranspiration 

Table A2 below presents computed annual and 5-year average reference ETo and crop ET 

(inches/year) for crops grown on the Reservation during the 5-year study period using weather 

data from the AZMET Parker No. 2 weather station. 

Table A2. Annual and 5-year Average Reference ET0 and crop ET (inches/year) for Reservation 
Crops for 2014-2018. 

Grass 
Reference Small (Bermuda/ Grass 

Year ET/ Alfalfa Cotton Grains Rye) (Sudan) Misc. Crops 
2014 75.11 67.9 37.7 24.5 49.6 44.6 44.9 
2015 75.19 68.2 39.1 23.0 49.7 43.8 44.5 
2016 81.43 73.9 43.2 24.3 53.7 46.4 48.0 
2017 77.70 70.5 40.5 23.6 50.9 46.2 46.2 
2018 76.86 69.7 40.1 24.5 50.5 46.2 46.1 

Average (in) 70.0 40.1 24.0 50.9 45.4 45.9 
Average (af/ac) 5.84 3.34 2.00 4.24 3.79 3.83 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 

Estimated Net Consumptive Irrigation Water Use and Diversion Requirement 

Table A3 below presents reference ET 0, area-weighted average crop ET, effective 

precipitation, area-weighted average net consumptive use (NetCU), and associated diversion 

requirement (diversion reduction) for each year of the study period, and as an average of the 5-year 

period: 2014-18, based on the crop acreage and cropping pattern/mix discussed above. The 

estimated average annual unit area consumptive use on this Farm Unit for 2014-2018 is 5.39 AFiac. 

The total estimated volume of water conserved due to the proposed fallowing of a maximum acreage 

of 1884 acres on the Farm Unit is 10,157 AFY. Using an estimated average overall irrigation 

efficiency of 53.5%, the diversion requirement associated with this net water conservation is 18,985 

AFY. 
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Table A3. Annual and 5-year Average Reference ETo, Area Weighted Crop ET, Effective 
Precipitation, Area Weighted Net CU and Diversion Reduction for 2014-2018. Farm Unit MTA 
6627. 

Weighted Weighted Net 
Average Average Net Net Crop Consumptive 

Reference Actual Crop Effective Consumptive Area Use Diversion 
Year ETo1 ET (ETa)2 Precip. Use Fallowed Demand3 Reduction4 

(1) (2) (3) (4) (5) (6) (7) (8) 
(in) (in) (in) (in) (ac) (AF) (AF) 

2014 75 .11 67.45 0.30 67.15 1,882.9 10,537 19,696 

2015 75.19 68.19 0.93 67.25 1,882.9 10,553 19,725 

2016 81.43 73 .89 1.03 72.86 1,845.3 11 ,204 20,942 

2017 77.70 70.5 1 0.82 69.69 1,884.0 10,942 20,452 

2018 76.86 46.69 0.70 46.68 1,884.0 7,328 13,698 

Avera2e 77.26 65 .35 0.76 64.73 1,875.8 10,113 18,903 

Unit area Net CU (AFiac) 5.39 

Max acrea2e 1,884.0 10,157 18,985 

1 Reference evapotranspiration of a short crop similar to 12-cm tall grass. 
2 Estimated actual crop ET accounting for water stress and less than ideal growth conditions. 

Weighted average calculated using irrigated acreages. 
3 Column (5) divided by 12 and multiplied by Column (6) 
4 Column (8) divided by overall Project efficiency 
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The monthly distribution of the total average annual NetCU saving and total average 

annual diversion reduction for Farm Unit MTA 6627 is presented in Table A4. 

Table A4. Monthly Distribution of Net Consumptive Use and Associated Diversion Reduction, Farm 
Unit MTA 6627, 2014-2018. 

Average annual Alfalfa Monthly Net 
Crop ET (in) for period Consumptive Use Monthly Diversion 

Month of analysis Demand Reduction 
(inches) % of total (AF) (AF) 

January 2.02 2.88% 292.8 547.3 
February 3.57 5.09% 517.2 966.8 
March 4.82 6.87% 698.0 1,304.7 
April 6.83 9.74% 989.1 1,848.7 
May 7.93 11.31% 1,149.1 2,147.8 

June 9.09 12.96% 1,3 16.1 2,460.1 
July 9.20 13.13% 1,333.3 2,492.1 
August 8.71 12.42% 1,261.8 2,358.4 
September 7.80 11.12% 1,129.7 2,11 1.5 
October 4.40 6.28% 637.7 1,191.9 
November 2.72 3.88% 393.8 736.1 
December 3.03 4.32% 43 8.6 819.7 
Annual 70.12 100.00% 10,157.0 18,985.0 
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TECHNICAL MEMORANDUM 

Date: July 15, 2019 

To: Tribal Council, Colorado River Indian Tribes (CRIT) 

Cc: Rebecca Loudbear, Attorney General, CRIT 
Margaret Vick, Esq. , Special Counsel 

From: Natural Resources Consulting Engineers, Inc. 

EXHIBIT A 2020 

PROPOSED LANDS FOR COMPENSATED SYSTEM CONSERVATION PROGRAM (SCP) AND 
EXTRAORDINARY CONSERVATION INTENTIONALLY CREATED SURPLUS (EC ICS) 

D. Farm Unit: MTA 6693 

Overview 

This technical memorandum provides summary information and technical analyses for 

proposed temporary fallowing of irrigated farm land on the Colorado River Irrigation Project 

(Project) and other lands outside the boundary of the Project, Colorado River Indian Reservation, 

State of Arizona. The proposed fallowing is recommended for consideration under the 

Compensated System Conservation (SC) Program and Extraordinary Conservation Intentionally 

Created Surplus (EC ICS) Program. Temporary agricultural land fallowing is recognized by the 

Programs as means for reducing consumptive use to result in conserved water stored in Lake Mead. 

Parcels of land will be designated for fallowing on an annual basis and described in a Creation Plan. 

At the time of designation each parcel will have a history of irrigation for at least three out of the 

most recent five years. Each parcel may be designated for fallowing for no more than five 

consecutive years. 

Under this proposal, the Colorado River Indian Tribes (CRIT) would temporarily fallow 

irrigated cropland on nine different Farm Units. Summary data and information regarding the 

location of each Farm Unit, the crops produced, irrigated crop acreage, estimated crop 

evapotranspiration, effective rainfall, net crop consumptive use, and estimated total irrigation 
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diversion requirement averaged over the previous 5-year period for each Farm Unit is provided 

below. Fallowing is proposed to begin in calendar year 2019 and continue through 2022. 

Project Description 

CRIT proposes to forego irrigation water deliveries and reduce consumptive use of Colorado 

River water by temporarily fallowing irrigated cropland as described immediately below during the 

period 2019-2022. CRIT proposes to create Compensated System Conservation through fallowing 

of specific Farm Units and make the conserved water available to the Colorado River System to 

increase storage in Lake Mead during 2020-2022. CRIT proposes to create EC ICS through 

fallowing of specific Farm Units for various periods of time during 2019 and may designate part of 

the consumptive use not compensated as system conservation for EC ICS during 2020-2022. 

Figure 1 is an overview map showing the locations of the Farm Units proposed for fallowing on the 

Colorado River Indian Reservation (Reservation) in the State of Arizona. The majority of these 

Farm Units are served by the Tribe 's Colorado River Irrigation Project (Project), which diverts 

Colorado River water for irrigation of about 80,000 acres of land on the Reservation. One Farm 

Unit is located outside of the Project service area and diverts water directly from the Colorado River 

by pumping. 

Two of the proposed Farm Units are currently fallowed and participating in the Pilot System 

Conservation Program: 

a. MTA 6627- October 1, 2018 to September 30, 2019 

b. Quail Mesa 6808- January 1, 2019 to December 31 , 2019 

Estimated Conservation of Colorado River System Water 

Estimated average annual consumptive use reduction due to fallowing, and the associated 

reductions in diversions at Headgate Rock Dam or by direct pumping for each Farm Unit are 

summarized in Table 1 below. 

CRIT proposes to use the average annual consumptive use reduction during October

December for Unit MT A 6627 and the total average annual consumptive use reduction for Unit 

Rayner 9035 for EC ICS creation in 2019. CRIT proposes to use all sites listed in Table 1 
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Table 1. Summary Cropping, Estimated Net Consumptive Use and Diversion Reduction for the 
Proposed Fallowing for CRIT ICS in 2019 and System Conservation and ICS in 2020. 

SUD1JDary of CRITICS for 2019 

Iffidcncy Dinrsion 
NrtConsumptin Factor* RNt11ction 

Use 
Mu.Nrt 

Thar Irrigmd Anragc Annul Annual 

Unit Name Period AC'ttl&C An. Croppin& Pattern AFiac AF\' .-\FY 

6627* l\lTAFarm.s 2014-18 IS .0 
80% alfalfa 20% Sudan 

539 1,470 0.501 2,934 
$UASS 

43% alfalfa 35% cotton 1 o/o 
90.3S** Ra)'"D.Cr 2013-17 1055. Brnnuda (grass hay) S o 4.55 ,804 0.501 9,5S9 

Sudan 

Totals 2,940 6,274 12,523 

• Oct 1 2019-De.c 3l 2019 only 

** estimates in this table for 9035 arc based on 2013-2017 USGS cropping data 

SIU8llln- of CRIT System Conscrradon and ICS for '.?020 (S"Otcm Conscn-atioa in nc,css of S0,000 AF 'lrill ff con:ddcrcd ICS). 

Total Net NctCoasamptive Use 

Coas1Ullpdn Use Proration 
Max.Net System 

Ti.111.e Irri&ated Arcra1e AaHal 
Conscn-adon 

ICICS 

Unit ame Period .~C'ru1e Arc. Croppin& Pattern AF/at -~· .AFY 
.ID' 

6627 ITAFarms 2014-18 1&84.0 
SO% alfalfa 20% Sudan 

B9 l0,157 9,450.7 706.2 
grass 

581 alfalfa % small grain 

6% Bmnuda (grass hay) 

6808 Quail fcsa 201 18 3704.6 11% Sudan 21 % 4-&9 l S,130 16,S.69.7 1,260.6 

rvfisccJlaneous (onion, 

garlic, com, potato) 

64% alfalfa L o cotton 6% 

small grain 13% Bermuda 

6693 l\ITAFar,a_s 20U:- IS l1S3.9 (grass hay) 1 o/o Sudan .91 5,SS.6 5, 163 · 09.2 
21% Misct!Ia.neous (onion, 

garlic, com, potato) 

CRIT 
60% alfalfa 5% cotton 1 • 

Yktorio 20U:-IS 06.S smallgtain 12 Bermuda 4.61 l,S l, 46.S 130.5 
Fa.nils 

(grass hay) 5,-.l, Sudan 

CRIT 
Frimann 2014-18 6 

52% alfalfa 26% cotton 18 'o 
437 2,951 2, 45.4 205.2 

Farms small 2rain 4% Sudan 

3 o alfalfa 19Yo cotton 6% 

CRIT 
CRITil 201 18 1238. 

small grain 2a-'o 
5.04 6),4 5,S.12.4 43 3 

Farms !\.fiscellffleous (onion, 

garlic, com, potato) 

CRIT 
l\ITA 700 2014- IS 465.8 

86% alfalfa o/o cotton % 
5.50 2,Sfil 2,3&3.S l SJ 

Farms Bermuda (grass hay) 

CRIT Shawler 
2014-18 39.5 

69% alfalfa 30'¼ cotton 2% 
5.02 2,206 2,052.9 153.4 

Farms Ranch Sudan 

52% alfalfa 32% cotton 12 o 

90~S*** Ra)-ner 2013-17 78.S.O Bemmda(grass hay)4% 4.72 3, 21 3,462 259 

Sudan 

Tot:lls 10,78.6 5.3,736 50,000 3,736 

* based on Project overall average irrigation efficiency equal to 53.5% 

** based on Project CU.1Diversion ratio of 0.475 for 201S using methodology designated in the lBOps ICS Exhibit S for CRIT. 

*** estimates in this table for9035 are based on2013-20l 7 USGS cropping dat a \\;'ith linear move sprinlde-r area removed; 

Dinrsion Rcdllction 

Proration 

System 

Consen-adon* 
ICICS0 

.ID' 
AFY 

17,664.8 l,U6.7 

31,532.2 2,653.9 

10,236.1 &6U 

3,264.4 274.7 

5,13 1.7 431.9 

10, S.M.4 914.4 

4,455.7 375.0 

3,83 7.2 323.0 

5,770 545 

92,m 7,S.66 

and, for System Conservation dive-rsion reduction, an o,·crall av erage i:trigation efficiency for direct pumping from Rive-r equal to 60% 

Natural Resources Consulting Engineers, Inc. 4 

Total 
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Rcdllction 

Annul 
AFY 

19,152 

34,1&6 

H ,098 

3,5.39 

5,564 

11,7 9 

4,8.31 

, 160 

6,3 15 

100;623 
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to create up to 50,000 AF/year of Compensated System Conservation with any excess over 50,000 

AF/year designated as EC ICS during the period 2020. The same farm units listed in Table 1 or 

different farm units may be designated for fallowing in 2021 and 2022. 

Methodology 

This section provides a brief description of the data and methods used to estimate: 

• the amount of water conserved due to fallowing of irrigated cropland on each Farm 

Unit for each year of analysis; this is the net consumptive irrigation water use 

savings due the cropland fallowing; and, 

• the associated irrigation water diversion required to provide that amount of water at 

the farm field. 

Results are presented for each proposed Farm Unit in individual succeeding sub-sections of this 

technical memorandum. 

Farm Unit Description and Location 

Location data and legal description (PLSS) for each Farm Unit proposed for fallowing were 

obtained from CRIT Realty and/or CRIT Farms, the Tribal farming enterprise. This information 

generally included total gross and net acreage of the unit. Net irrigated crop acreage on each field 

of each Unit was determined using CRIT Water Resources Department (WRD) AGR05 field parcel 

polygon shapefile. The maximum net irrigated field acreage in any single year of the study period 

was used to determine the total volume of consumptive use savings due to fallowing. 

Information on the Colorado River Irrigation Project (Project) irrigation delivery system was 

generally available from the US Bureau of Indian Affairs (BIA), the Federal agency that owns and 

operates the Project on behalf of CRIT. NRCE has prepared a detailed assessment of the Project 

(NRCE, 2016; NRCE, 2017). 

Cropping Patterns 

Crops typically produced on the Reservation include alfalfa (for hay), cotton, small grains 

(wheat, oats, barley), Bermuda and other grass hay, Sudan grass, and variety of minor miscellaneous 

crops (onions, garlic, com, potato) (NRCE, 2016). 
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Crop patterns/crop mix for field parcels on the Farm Units for the years 2014-2018 inclusive 

were available from annual crop survey work performed by the CRIT Water Resources Department 

(WRD). The cropping pattern on the Project is determined by field survey each year and spatially 

referenced on Project maps using WRD 's AGR05 field parcel polygon shapefile. For Unit 9035, 

cropping pattern data were not available from the CRIT WRD. For this unit, cropping pattern data 

collected by the USGS for the period 2013-2017 were made available by the USBR (Jeremy Dodds, 

USBR, personal communication, July 12, 2019). Unit 9035 has not been farmed since May 2018, 

and thus 2018 is not included in the analysis. The USGS crop pattern data are 100% coverage, on 

the ground crop survey data collected annually on the Rayner unit for USBR during 2013-17. 

Cropping pattern/crop mix maps for all Farm Units for the respective years analyzed are included 

in the subsection for each Farm Unit. A table summarizing the cropping pattern/crop mix for each 

Farm Unit for each year and average for the period analyzed is included. 

Estimation of Consumptive Use 

The factors considered in estimating crop consumptive use include cropped area and 

cropping patterns, reference evapotranspiration, crop coefficients, and precipitation. Crop 

evapotranspiration (ET c) or crop consumptive use ( crop CU) is defined as the evapotranspiration 

rate from disease-free, well-fertilized crops, grown in large fields , under optimum soil water 

conditions, and achieving full production under given climatic conditions (Allen et al. , 1998). 

Potential crop water use or crop evapotranspiration estimates for the period 1996 to present for the 

Colorado River Irrigation Project service area have been prepared (NRCE, 2016). 

For the purposes of this study, ETc estimates using the single (mean) crop coefficient

reference evapotranspiration approach. Under this approach, reference crop evapotranspiration for 

a hypothetical green surface of actively transpiring vegetation is multiplied by a crop coefficient for 

a specific crop to estimate crop ET on a daily or monthly basis: 

where: 

ETc = crop evapotranspiration (inches or mm); 
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Kc = crop coefficient (dimensionless); 

ETo = grass reference crop evapotranspiration (inches or mm) 

The reference ET-crop coefficient method is widely used due to its simplicity, reproducibility, 

relatively good accuracy, and transportability among locations and climates. 

For this analysis, reference ET (ET of an extensive area of short crop similar to 12-cm grass 

not short ofwater, ETo) was computed using the ASCE Standardized Reference Evapotranspiration 

Equation (ASCE, 2005). The ASCE Standardized Reference ET Equation for a short (grass) 

reference surface is: 

900 
0.408LlRn + y T + 273 u 2 (e5 - ea) 

ETo = 
Ll + y(l + 0.34u2) 

where: 

ETo = standardized reference crop evapotranspiration for (grass) short crop 

i1 = slope of the saturation vapor pressure-temperature curve 

Rn = net radiation at the crop surface 

y = psychrometric constant 

T = mean daily air temperature measured at 1.5-2 m above ground level 

u2 = mean daily wind speed measured at 2 m above ground level 

es = saturation vapor pressure 

ea = mean actual vapor pressure 

This equation is the same as the ASCE Penman-Monteith Equation (Jensen et al. , 1990 and Jensen 

and Allen, 2016) but with several simplifying "standardized" methods employed to compute several 

of the variables and parameter used in the Equation as given in ASCE (2005) . 

Jensen et al. (1990) report and summarize results of a comprehensive study comparing 

evapotranspiration estimates from different estimating methods to measurements of 
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evapotranspiration made at 11 different lysimeter sites around the world representing a wide range 

of climatic conditions from humid to arid, and elevations from below sea level to 9100 ft MSL. 

Nineteen methods were compared to lysimeter measurements on a monthly basis, and thirteen 

methods were compared on a daily basis. The ASCE Penman-Monteith method as given in Jensen 

et al. (1990) was determined to provide the overall best estimates of seasonal ET and average peak 

monthly ET with the least error as compared to lysimeter measurements across all ranges of climate 

and elevation. 

The ASCE Reference ET Equation (ASCE, 2005) is a physically-based approach accounting 

for energy available for evaporation and aerodynamic transport of moisture away from the 

evaporating surface. Because of this physically-based formulation, it requires detailed weather 

measurements including air temperature, relative humidity, incoming total solar radiation, and wind 

speed. Such weather measurements are available from the Arizona Meteorological Network 

(AZMET) operated by the University of Arizona College of Agriculture and Live Sciences and 

Arizona Cooperative Extension (https://cals.arizona.edu/AZMET/). Two AZMET electronic 

weather stations are currently in operation in the Parker Valley and both stations are located on the 

Colorado River Indian Reservation (https://www.usbr.gov/1c/region/g4000/wtracct.html) : 

Parker No. 1 (site 8), Latitude 33.964296, Longitude -114.485501, Elev. 322ft above MSL 

Parker No. 2 (site 35) Latitude 33.863015, Longitude -114.472974, Elev. 302ftabove MSL 

Daily weather and ETo data from the AZMET Parker No. 2 Station for the respective 5-year period 

of analysis were used in this study (AZMET, 2013-2018). 

The crop coefficient, Kc, integrates the effects/differences of specific crop characteristics 

that affect water use of the specific crop to the water use of the reference crop. This methodology 

for estimated crop ET assumes the crop is growing under ideal conditions, and not stressed for water 

or nutrients, and thus, is considered the potent ial crop ET or potential consumptive use. Actual crop 

ET in farm fields is typically less than potential crop ET due to factors such as water stress, salinity, 

insect and disease pressure, etc. 

Daily crop coefficient values for the primary crops comprising around 90% of the total 

irrigated crop acreage [alfalfa, cotton, small grains (wheat, oats, rye, barley, millet) , Bermuda hay, 

Natural Resources Consulting Engineers, Inc. 8 



CRIT PROPOSED LANDS FOR SCP AND EC JCS EXHIBIT A 2020 

Sudan grass) grown on the Reservation were obtained from reports on crop coefficients prepared 

for the USBR LCRAS (https://www.usbr.gov/lc/region/g4000/wtracct.html#LCRAS) program 

(Jensen, 1998 and Jensen, 2003). Several minor "miscellaneous" crops have been and currently are 

produced on small acreage on the Reservation. Over the period 2013-2018, these minor crops have 

comprised an average of only 3.52% of the total irrigated crop acreage on the Project. These include 

but are not limited to corn, onions, garlic, crucifers, lettuce, and other small vegetable and melon 

crops. Most often these crops are produced for seed ( crucifers, lettuce) or dehydration ( onion, 

garlic) or animal feed ( corn silage) and not as fresh market produce. Crop coefficients for a 

"miscellaneous" crop category were assumed to be equal to the average of the primary crops. This 

process is explained in more detail in Appendix B ofNRCE (2016). 

In the case of alfalfa, Jensen (1998, Appendix C) recognized the published crop coefficients 

for alfalfa hay represent potential (maximum) alfalfa ET under conditions where harvest and 

removal of hay is not delayed, and crop water stress does not occur. Jensen (1998) estimated the 

coefficients were about 15% too high for normal farm practices when hay may not be removed right 

after cuttings, some water stress might occur, non-uniformity of crop conditions, etc. To adjust for 

these effects and provide alfalfa hay consumptive use estimates closer to actual conditions, Jensen 

(1998) applied a factor of 0.85 to the alfalfa hay crop coefficients. 

The differences between actual ET occurring under the field conditions of the PROJECT 

and potential ET from crop coefficient-reference ET approach can be estimated using a remote 

sensing approach which allows for the determination of actual evapotranspiration from both 

vegetated and bare soil surfaces by solving the full surface energy balance using remotely sensed 

visible and thermal band data. While this type of study has not been performed on the Project 

service area, two such studies have been conducted on large irrigation districts in the region and the 

results provide some insight on the differences between actual and potential crop consumptive use 

that may be occurring on the Project: 

• Clark et al. (2008) reported the results of comparisons of actual ET (as determined by 

remote sensing energy balance methods) to potential ET (as determined by the crop 

coefficient-reference ET approach) for several different combinations of soils, on-farm 

irrigation method, and crop types, found on Imperial Irrigation District (11D). In this case, 

the Surface Energy Balance Algorithm for Land (SEBAL) (Bastiaanssen, 1998) and 
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LandSat satellite imagery with 30 m thermal resolution for water year 1998 was used to 

estimate actual ET. Potential ET was estimated using the dual crop coefficient approach 

presented in Allen et al. ( 1998). The results were presented as ratios of actual ET to potential 

ET. Across 11D the average ratio was found to be 0.85 . For graded border and graded 

furrow irrigation of mature alfalfa and new alfalfa on all soil types, the 11D ratio of actual 

ET to potential ET ranged from 0.83 to 0.87. 

• Elhaddad and Garcia (2014) reported the results of comparisons ofactual ET ( as determined 

by remote sensing energy balance methods) to potential ET ( as determined by the crop 

coefficient-reference ET approach) for several different crop types found on Palo Verde 

Irrigation District (PVID). In this case, actual ET was estimated using the ReSET Raster 

method (Elhaddad and Garcia, 2008) and LandSat 7 satellite imagery with 30 m thermal 

resolution for calendar year 2002. Potential ET was estimated using methods employed by 

the USBR in the Lower Colorado River Accounting System (LCRAS) (USBR, 1996-2014). 

The average ratio of actual ET to potential ET across PVID was found to be 0.86. For 

alfalfa, the ratio was found to be 0.86. 

The results of these studies support the alfalfa hay crop coefficient adjustments suggested by Jensen 

(1998). Thus, for this analysis, alfalfa crop ET, as computed using the Jensen (1998, 2003) alfalfa 

crop coefficients (published coefficients multiplied by a factor of 0.85 to account for less than ideal 

growth conditions) was taken as an estimate of actual alfalfa crop ET. For Sudan, small grains, and 

grass hay, actual crop ET was estimated to be 0.85 times potential crop ET. For cotton and higher 

value minor miscellaneous crops (garlic, onion, potato) a factor of 1.00 was assumed. 

Growing season durations of the various crops are implicit in the daily crop coefficients 

prepared by Jensen (1998, 2003) and were adopted for this analysis. 

The net irrigation water requirement (NIR) or net consumptive irrigation water use (NetCU) 

represents the quantity of water required at the farm field to supply the estimated irrigation water 

demand of a crop during its growth period over and above the amount of natural precipitation water 

available for crop use. NIR or NetCU is computed as the crop ET minus the effective precipitation. 

Effective precipitation is that portion of total precipitation which is available for crop use. NRCE 
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adopted the flat monthly multiplier approach to estimate effective precipitation (Jensen, 1993) as 

used in USBR LCRAS reporting of crop water use. Average annual precipitation measured at the 

AZMET Parker No. 2 Station is 3.96 inches for the period: 2014-2018 (AZMET, 2013-2018). Using 

the LCRAS method, effective precipitation on the Reservation is about 0.76 inches per year, or just 

less than about 20 percent of average annual precipitation, for the 2014-2018 period at this location. 

For each year analyzed, the weighted average NIR or NetCU was determined based on 

acreages of the individual crop types and the NIR or NetCU of each crop for that year. Using this 

result, an overall average unit area net crop consumptive irrigation water use (AF /ac) for the 5-year 

study period was determined. This 5-year average unit area net crop consumptive irrigation water 

use is listed for each Farm Unit in Table 1. The 5-year average unit area net crop consumptive 

irrigation water use is multiplied by the maximum (for the 5-year study period) annual acres irrigated 

for the Farm Unit to determine the total volume ofNetCU due to fallowing and listed for each parcel 

in Table 1. 

Diversion Requirements 

NRCE (2017) has performed water balance analyses at the conveyance/delivery system level 

to estimate the magnitude of conveyance system losses (seepage, evaporation, and operational 

spills) experienced with the current infrastructure and operational management of the Project. Farm 

gate deliveries were estimated. These analyses allowed an assessment of conveyance/delivery 

system efficiency. As well, farm field level water balance analyses comparing net crop irrigation 

water requirements (NIR) to the estimated field level supplies or farmgate deliveries were 

performed. These comparisons allowed an assessment of on-farm losses to ditch seepage, deep 

percolation and tailwater runoff and estimation of on-farm efficiency. The overall assessment 

comparing net crop irrigation water requirements (NIR) to diversions allowed estimation of Project 

irrigation efficiency. 

For the proposed Farm Units served by the Project, the total irrigation diversion requirement 

at Headgate Rock Dam corresponding to the Farm Unit net consumptive irrigation water use was 

estimated by dividing the farm field (NIR or NetCU) by the estimated project irrigation efficiency 

(product of irrigation delivery system conveyance efficiency and on-farm application efficiency). 
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For the purposes of these analyses, an overall Project irrigation efficiency of 53.5% was applied 

(NRCE, 2017). 

Farm Unit 9035 is not served by the Project. This site diverts irrigation water by pumping 

directly from the Colorado River. Water is distributed across the farm using concrete lined 

ditches. Irrigation for the period of study 2013-17 was by flood (low gradient border and furrow) 

irrigation, although in years prior to this period linear move sprinklers were used on parts of the 

lease, and CRIT's future plans include leasing parts of the unit and irrigating with the linear move 

sprinkler again. An average application efficiency of about 65-66% for border and furrow irrigation 

on the Reservation is used. For Unit 9035, the conveyance losses to seepage and operational spill 

are minor compared to the Project. A conservative conveyance efficiency of 90% is assigned on 

this unit. This results in an irrigation efficiency estimate of 60% for the unit. 

Monthly Distribution 

The annual cropping patterns found for each Farm Unit illustrate varying acreages of the 

primary crops from year to year and from Unit to Unit. To normalize this variability, monthly 

distributions of the total average annual NetCU savings and total average annual diversion 

reductions for each Farm Unit were determined by computing a monthly proportion of the total 

annual volume based on the 5-year average monthly and annual alfalfa crop evapotranspiration 

computed using reference crop ET o from the AZMET Parker No. 2 electronic weather station and 

LCRAS crop coefficients for alfalfa. 

Verification 

During the fallowing period, in order to ensure that any vegetation remaining on the fallowed 

lands does not consumptively use Colorado River water by drawing water from the Colorado River 

aquifer, CRIT shall, at its expense, control and eradicate any green vegetation growth. 

Weed control will likely performed using chemical applications. Records of weed control 

applications, including date, chemicals used, rates of application, etc. will be prepared and 

maintained. CRIT agrees to provide Reclamation, Arizona Department of Water Resources, and 

other applicable entities, with information and updates, when requested, regarding the vegetation 

eradication program. Stubble from previous cropping will be kept on field surface to the extent 
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possible to reduce wind erosion. USBR personnel will be granted access to the Farms to perform 

periodic on-site inspections to verify compliance. 

The means of irrigation water deliveries to each Farm Unit proposed for fallowing are 

described for each respective Unit. Irrigation water deliveries can be completely curtailed through 

control of farm gate turnouts or through control of sublateral head gates. CRIT agrees to furnish 

and install padlocks to lock the farm gate turnouts on fields fallowed to the extent possible to do so. 

In the event that a turnout serves multiple fields of which not all are being fallowed, other practical 

mechanisms, including but not limited to , dirt berms in the portion of the irrigation ditch serving the 

fallowed field, or sealing the on-farm turnouts onto fallowed fields will be used to the extent possible 

to assure that no water deliveries can be made onto the fallowed fields. 

Verification of Conserved Water Diversion Reduction from Approved Water Order 

Total estimated diversion requirements on monthly and annual time steps for the actively 

irrigated areas of the proposed Farm Units that will be fallowed have been estimated. CRIT's annual 

water order (as determined and approved through the 43 CFR, Part 417 (Part 417) consultation 

between the BIA, US Bureau of Reclamation and CRIT) will be reduced by the estimated annual 

diversion requirements of the Farm Units for the agreed fallowing periods. Estimated monthly net 

consumptive use and diversion requirements of the Farm Units have also been determined. These 

monthly estimates allow determination of partial year water conservation and diversion reductions 

when fallowing periods are not a full 12-month period. Total annual CRIT Project and other 

Arizona diversions (with the fallowing and diversion reduction in progress) will not exceed CRIT' s 

Colorado River annual water right allocation for Arizona as adjusted by the diversion reductions, 

and thereby avoid inadvertent overruns (diversions in excess of CRIT's adjusted entitlement

decreed AZ water right less the estimated diversion requirements of the fallowing program). 

For Unit 9035, which diverts by direct pumping of water from the Colorado River, conserved 

water diversion reduction can be verified through routine monitoring of the electric power meter 

readings and account for the Unit ' s pumping facilities. 
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D. Farm Unit: MTA 6693 

Farm Description and Location 

Farm Unit MTA 6693 is located on the Colorado River Indian Reservation within the Project 

service area with field parcels in three separate subunits located within Sections 20, 27, 28, and 29 

Township 6N Range 21 Wand Sections 3 and 4 Township 5N Range 21 W (Gila and Salt River 

Meridian), La Paz County, Arizona. Unit 6693 is bounded by Mohave Road on the west, Tsosie 

Road on the north, Mesa Drain on the east and on the south. Figure DI is an overview map of the 

Unit. Gross land area is 1,343.59 acres. Approximately a maximum of 1,183.9 net field acres have 

been in irrigated crop production for at least the past 5 years. The acreage not in production is idle 

or occupied by buildings, hay and equipment storage yards, roads, canals, and drains. 

The irrigated cropland on Unit MTA 6693 is served primarily by Sub-lateral 90-56 of the 

Project. This sub lateral serves other farm fields in the area and thus cannot be turned off at the head 

gate. Farm gate turnouts on Sublateral 90-56 serving Unit MTA 6693 will be chained and locked. 

CRIT Water Resources Dept. provided geospatial data (AGR05 shapefile and associated 

attribute table) of delineated irrigated field parcels across the Project. A total of up to 36 irrigated 

field parcels were identified within the actively irrigated area of Unit MTA 6693 (see Figure DI), 

although field parcel boundaries are noted to have changed with some consolidation or further 

subdivision apparent during the study period. Background aerial imagery in Figure D 1 is dated 

2017 and from the USDA National Agriculture Aerial Imagery Program (NAIP): 

(http://www.fsa.usda.gov/programs-and-services/aerial-photography/imagery-programs/naip

imagery/) . The CRIT field parcel delineations were found to show good agreement with the NAIP 

aerial imagery. 
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Figure D1. Overview Map of Farm Unit MTA 6693. 
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Cropping Patterns 

Crop patterns/crop mix for field parcels on Farm Unit MTA 6693 for the years 2014-2018 

inclusive were available from annual crop survey work performed by the CRIT Water Resources 

Department (WRD) and are summarized in Table D1. The cropping pattern on the Project is 

determined by field survey each year and spatially referenced on Project maps using WRD's 

AGR05 field parcel polygon shapefile. The annual cropping pattern for Farm Unit MTA 6693 is 

mapped in Figures D2-D6, for years 2014-2018, respectively. 

Table D1. Cropping Patterns/Crop Mix of Unit MTA 6693, 2014-2018. 

Total 
Irrigated Grass 

Crop Small (Bermuda/ Grass Misc. Idle 
Year Acreage Alfalfa Cotton Grains Rye) (Sudan) Crops Acreage 

2014 1183.9 21% 6% 0% 21% 51% 0% 63.9 

2015 1183.9 81% 0% 0% 19% 0% 0% 63.9 

2016 1183.9 47% 0% 31% 15% 0% 6% 63.9 

2017 1127.1 90% 0% 0% 10% 0% 0% 120.7 

2018 1183.9 81% 0% 0% 0% 19% 0% 63.9 

Average 64% 1% 6% 13% 14% 1% 
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Figure D2. Cropping Pattern on Farm Unit MTA 6693 in 2014. 
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Figure D3. Cropping Pattern on Farm Unit MTA 6693 in 2015. 
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Figure D4. Cropping Pattern on Farm Unit MTA 6693 in 2016. 
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Figure D5. Cropping Pattern on Farm Unit MTA 6693 in 2017. 
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Figure D6. Cropping Pattern on Farm Unit MTA 6693 in 2018. 
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