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SUMMARY

This reconnaissance study was directed by Congress as a result of flooding in
Arizona in 1993. The Corps of Engineers received Congressional direction in the
Senate Supplemental Appropriation on June 8, 1993 to conduct three studies. The
three studies are:

Flood Control Studies for Arizona Communities (Construction General),
Arizona Flood Control Study (General Investigations)
Gila River, Gillespie Dam to Yuma (General Investigations)

This report summarizes the Corps response under the Gila River (Gillespie
Dam to Yuma) Reconnaissance Study. The report provides an interim response to
the overall study authority. The study was initiated in September 1993.

Coordination for this study included Federal, State, and local agencies and
authorities. Three public workshops were held in the study area during December
1993. In addition to flood control concerns, input from these meetings identified other
issues and opportunities, including water conservation, environmental restoration, and
water quality.

This study has concentrated the analysis and recommendations on the
following opportunities:

1. Flood Control
2. Water Conservation
3. Environmental Restoration

Water quality is addressed only incidental to the above opportunities.

The study resulted in the recommendation for two separate feasibility phase
studies. Feasibility level study is recommended for Water Conservation, and for
Environmental Restoration in the study area. No Federal interest was identified with
respect to flood control alternatives.
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CHAPTER 1

AUTHORITY, PURPOSE, AND SCOPE

1. AUTHORITY, PURPOSE, AND SCOPE
1.1 Introduction

Prior to the construction of Painted Rock Dam in 1959, large floods frequently
caused extensive damages along the Lower Gila River. Despite the existence of
Painted Rock Dam, a major event in 1993 caused over $100 million in estimated
damages. Runoff from major storms filled the dam, resulting in emergency spillway
flows and damaged agriculture, public infrastructure, and private property.

From late December 1992 through February 1993, a series of winter storms
produced record breaking amounts of precipitation and severe weather across
Arizona. At this time the state was in its third consecutive year of above average
precipitation, upper watersheds were saturated, and record breaking snow packs
were recorded statewide.

Heavy rains in January, estimated at 520% above normal, combined with the
rapid melting of the snowpack, and caused intense runoff and flooding of streams
and rivers throughout the state. The 15 day period of heavy rain and high flood
stages in early January 1993 was one of the most damaging and extensive wet
winter periods witnessed in recent times.

On January 19, 1993, a Presidential Disaster Declaration was issued for 10
counties in Arizona: Apache, Coconino, Gila, Graham, Greenlee, Maricopa, Navajo,
Pima, Pinal, and Yavapai. On January 26, Cochise and Santa Cruz Counties were
added, and on February 5, Yuma County was added. The Federal Emergency
Response Plan was activated to provide Individual and Public Assistance.

February 1993 storms followed after a brief respite, bringing precipitation of
400% above normal for the month. Streams and rivers statewide, still partially full
from January runoff, experienced additional high flows for periods of up to 10 days.
In some areas of the state, the additional runoff caused flooding in areas not affected
by the January storms.

Damages were widespread and significant. Total public and private damages
are estimated to exceed $400 million statewide. Eight deaths and 112 injuries were
reported by the Red Cross. Total Federal flood related expenditures exceeded $220
million.




The agriculture industry alone, which accounts for about one-sixth of the
Arizona economy, suffered direct damages of approximately $70 million in lost crops,
eroded or destroyed land and buildings, and lost income. The consequences of
reduced yields on inundated acreage, associated job losses, and reductions in tax
basis, will continue for years.

Statewide flooding caused widespread damage to public infrastructure and
facilities, impacted people in over 100 communities and on Indian Reservations, and
affected the economy of Arizona in numerous ways. Tourism, an important part of
the economy, was below normal in many areas during the peak season. The mining
industry suffered extensive physical damage, lost production, and increased
expenses. Environmental and economic impacts resulted from sewage spills, loss of
vegetation and wildlife in floodplains, and sedimentation and debris deposition within
Arizona rivers. The ultimate long term effects of the 1993 Arizona Floods will not be
known for several years.

1.2 Authority

As a result of the statewide floods, the Corps of Engineers received direction in
Public Law 103-50 dated 2 July 1993, Supplemental Appropriations Act of 1993;
Senate Report 103-54 FY 93 Supplemental Appropriations dated 8 June 1993. This
legislation reads, in part, as follows:

"The area below Gillespie Dam is still extremely vulnerable to any increase in
flows in the lower Gila River from drainage and snow melt in the Gila River system.
The area will continue to be vulnerable until comprehensive, permanent flood control
measures are determined. The existing systems of channels and levees above and
below Painted Rock Dam have been severely damaged. For this reason, it is
imperative that the Corps conduct a reconnaissance study of the area below Gillespie
Dam to determine how to prevent further damage during the current flood event and
to expedite permanent flood control measures to prevent future flood problems."

Congress added renewed commitment to providing authority for the Corps to
review prior reports in the interest of flood damage reduction, environmental
protection and restoration, and related purposes by adopting House Resolution 2425
on May 17, 1994.

This reconnaissance study provides an interim response under Public Law
761, Seventy-fifth Congress, known as the Flood Control Act of 1938. Section 6 of
that Act reads in part as follows:

"The Secretary of War is hereby authorized and directed to cause preliminary
examinations and surveys for flood control including floods aggravated by or due to



tidal effect at the following-named localities, and the Secretary of Agriculture is
authorized and directed to cause preliminary examinations and surveys for run-off
and waterflow retardation and soil erosion prevention on the watersheds of such
localities;....

Gila River and Tributaries, Arizona and New Mexico ..."

The Gila River and Tributaries Authority area is shown in Figure 1 along with a
copy of House Resolution 2425.
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1.3 Purpose and Scope
The study purpose was to accomplish the following four tasks:
1) Define the problems and opportunities; identify possible solutions,

2) Determine Federal interest based on Army policies; cost, benefits, and
environmental impacts of the identified potential solutions,

3) Provide an estimate of time and costs for future phases of study,
4) Identify level of interest and support of local sponsor.

The scope of this reconnaissance study consists of identifying problems and
needs associated with flooding and related water resources concerns; formulating
corrective measures to prevent future flood damages and loss of life throughout the
study area; and identifying the role for Corps participation in flood control and related
water resources plans.

The Gila River, Gillespie Dam to Yuma, AZ, Reconnaissance Report presents
the results of a reconnaissance phase study of flooding problems and alternative
solutions for the area. The report outlines the study purpose and scope, provides a
presentation of problems and needs, describes the study area, analyzes the problems
and opportunities for action, describes alternative solutions, presents results of
alternative analyses, and identifies potential Federal interest, and identifies non-
Federal partners in more detailed feasibility studies.

An analysis and evaluation of an array of project alternatives is presented.
The reconnaissance study will conclude with a recommendation that the study effort
continue into the feasibility phase of planning if alternatives are identified which fully
comply with the above objectives.



CHAPTER 2

PRIOR STUDIES, REPORTS, AND EXISTING WATER PROJECTS

2. PRIOR STUDIES, REPORTS, AND EXISTING WATER PROJECTS
2.1 Study History

The Gila River, Gillespie Dam to Yuma, AZ, Study (General Investigation) is
related to two other Corps studies which were authorized within the same legislation
in response to the 1993 floods. These two other ongoing studies are the Flood
Control Studies for Arizona Communities (Construction General) and the Arizona
Flood Control Study (General Investigation). Los Angeles District coordination of
these three study efforts was conducted to avoid any duplication of effort, ensure
responsiveness to legislative intent, and provide a more rapid and efficient use of
resources (Figure 2).

Large flood flows historically have caused extensive damages in the study
area. Painted Rock Dam, located about 40 miles downstream from Gillespie Dam,
was constructed by the Corps in 1959 as a flood control structure. Despite the
existence of Painted Rock, runoff from a number of major storms in the winter and
spring of 1993 filled the dam, overflowed the spillway, and caused major damages to
agricultural lands, crops, transportation facilities, homes, and infrastructure. As a
result of the severity of the flooding, Congress directed a reconnaissance study start
in Fiscal Year 1993. The study commenced 15 September 1993.

The Gila River, Gillespie Dam to Yuma, AZ Reconnaissance study focuses on
the section of the Gila River in southwestern Arizona containing Painted Rock Dam.
Painted Rock Dam is a Corps of Engineers built and operated flood control structure.
As a result of record volumes of inflow to Painted Rock Dam from the 1993 floods,
outflow from the dam peaked at approximately 26,000 cubic feet per second (cfs),
significantly affecting areas which had previously experienced flood control releases
of no more than about 5000 cubic feet per second since the dam was constructed.
Although Painted Rock Dam reduced the peak inflow of 204,000 cfs down to 26,000
cfs and prevented an estimated $100 million of additional damages, the floods of
1993 evidenced the need to evaluate the flooding problems and potential solutions on
this reach of the Lower Gila River.

The Flood Control Study for Arizona Communities (FCSAC) study was
organized to evaluate, at a pre-reconnaissance screening level, the potential for
federal interest at 72' damage centers statewide. The evaluations focused on
structural and nonstructural alternatives under Section 14 and Section 205 of the U.S.
Army Corps of Engineers Continuing Authorities Program (CAP). The CAP was




authorized by Congress to delegate authority to the Corps in order to implement
projects of limited financial scope without requiring additional Congressional authority.
Structural alternatives considered included levees, channelization, detention, and
diversion. Nonstructural alternatives considered included floodplain management,
floodproofing, and relocation. Each damage center was evaluated to determine
appropriate solutions and estimate the likelihood for potential federal interest. Sites
showing promise were then recommended for further study under the CAP. The
results of the study were summarized in the report dated September 1994.

The Arizona Flood Control Study focused on nonstructural flood warning as
one area that the Corps of Engineers may participate in. Specifically in response to
numerous public meetings and scoping sessions involving Federal, State, and County
interests, flood warning was identified as the primary output of that study effort. The
Arizona Flood Control Study report, dated September 1994, recommended
implementation of a statewide flood warning system supported by the Arizona
Department of Water Resources.

As a result of study coordination and public involvement, the Flood Control
Studies for Arizona Communities study deferred the evaluation of 1993 damage
centers and sites along the Lower Gila River for inclusion in this Gila River, Gillespie
to Yuma reconnaissance study which evaluates those sites from the overall General
Investigations standpoint. Conversely, evaluation of non-structural floodwarning
alternatives along the Lower Gila River were evaluated under the Arizona Flood
Control Study.



LEGISLATIVE DIRECTION
TO THE
U.S. ARMY CORPS OF ENGINEERS
IN RESPONSE TO
FLOODS OF 1993 IN ARIZONA

{CG) — N Wl G e ; e oA e R
FLOOD CONTROL STUDIES ARIZONA FLOOD GILA RIVER,
FOR GILLESPIE DAM TO
ARIZONA COMMUNITIES CONTROL STUDY YUMA, AZ

LOWER GILA RIVER INCLUDING

STATEWIDE FLOOD WARNING .
PAINTED ROCK DAM

e  SITE SPECIFIC EVALUATIONS FOR ®
POTENTIAL CONTINUING AUTHORITIES
PROGRAM PROJECTS

e EVALUATED STRUCTURAL AND NON-
STRUCTURAL ALTERNATIVES, SPECIFICALLY
EXCLUDING STATEWIDE FLOOD
WARNING

e LIMITED IN SCOPE TO 1993 FLOOD
DAMAGE CENTERS

Z ainbi4

Legislative Direction to the U.S. Army Corps of Engineers in Response to Floods
of 1993 in Arizona



2.2 Prior Studies and Reports

The selected studies and reports listed below were conducted by the Corps of
Engineers, or other agencies, and have been incorporated, as appropriate, into the
study.

1. Geomorphic Assessment of the Lower Gila River West Central Arizona,
William L. Graf, et al, July 1994.

2. Wellton-Mohawk Gila River Flood Channel Restoration Project, Draft
Environmental Assessment, Bookman-Edmonston Engineering, June 1994.

3. Lower/Middle Gila River Study and Painted Rocks Lake Phase |
Diagnostic/Feasibility Study, Arizona Department of Environmental Quality,
February 1994.

4. Painted Rock Dam, Report on Inspection, Claude A. Fetzer, Consulting
Geotechnical Engineer, February 1993.

5. Painted Rock Dam, AZ, Smart Book, Los Angeles District, COE, February
1993.

6. Report on Flood Damage and Assessment for County Board of Supervisors
Meeting, Department of Emergency Management, February 1993.

7. Yuma County Water Resource Management Assessment, Bookman-
Edmonston Engineering, January 1992.

8. Arizona Water Quality Assessment 1992, Water Assessment and
Groundwater Hydrology Sections, Arizona Department of Environmental
Quality, 1992.

9. Wellton-Mohawk Irrigation District, Informational Brochures, 1990 and 1978.

10. Painted Rock Dam and Reservoir, AZ, Information Paper, Arizona COE
Real Estate Office, March 1986.

11. Lower Gila South, Resource Management Plan Environment Impact
Statement Phoenix District, AZ, May 1985.

12. Final Environmental Assessment, Gila River Channel Enhancement,

Wellton-Mohawk Irrigation and Drainage District, U.S. Dept. of Interior Bureau
of Reclamation, AZ, July 1984.
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13. Painted Rock Dam, Water Quality Study, Wester Technologies, January
1983.

14. Painted Rock Dam, Periodic Inspection Report No. 3, COE, December
1982.

15. Painted Rock Dam, Operation Study, Information Brochure, March 1977.

16. Plan Of Study, Los Angeles District Corps of Engineers, Phoenix Urban
Study, November 1975.

17. Release-Salinity Study for Painted Rock Dam, Los angeles District, COE,
June 1975.

18. Draft Environmental Study, Gila River from the Confluence of the Salt
River Downstream to Gillespie Dam, Jan 73.

19. Painted Rock Dam, Periodic Inspection Report No. 1, COE, May 73.
20. Flood Control Project, Gila River and Tributaries Downstream from
Painted Rock Reservoir, Citizens Organization for Protection of the Lower Gila,

AZ, May 71.

21. Wildlife Management Plan for Gila River Below Painted Rock Project,
COE, Oct 71.

22. Hydrology for Gila River Improvement, D.M. 1 and 2 COE, Dec 70.

23. Infiltration of Painted Rock Reservoir Releases for Gila River Improvement
(Texas Hill to Gila Siphon), Design Memorandum No. 2, COE, Sept 70.

24. Environmental Study for the Gila River Below Painted Rock Dam,
University of Arizona, School of Earth Sciences, Oct 70.

25. Operations and Maintenance Manual, Painted Rock Reservoir, Gila River,
AZ, COE, Jul 63.

26. Gila River and Tributaries Downstream from Painted Rock Reservoir, AZ,
Letter from the Secretary of the Arm, Aug 62.

27. Interim Report on Survey for Flood Control, Gila and Salt River, Gillespie
Dam to McDowell Dam Site, AZ, Dec 57.
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28. Reservoir Regulation Manual, Painted Rock Reservoir Gila River Basin,
AZ.

29. Painted Rock Reservoir, Design Memoranda, 1-6, COE, 1955-1956.

30. Flood Damage Report, State of Arizona, Floods of 1993, COE, August
1994.

2.3 Prior Authorized Project

In 1962 a flood control project was authorized for the 58-mile reach of the Gila
River from Texas Hill to the Gila Siphon. This project was authorized by the Flood
Control Act of 1962, PL 87-874. This authorization was subsequently modified by the
Flood Control Act of 1968, PL90-483, to lessen local interest financial responsibility in
the project. This project would have provided protection by constructing levee and
channel improvements along the Gila River to control a flood of 50,000 cubic feet per
second as measured at Dome, AZ.

The improvements would have consisted of 99 miles of compacted earthfill,
revetted levee: 49 miles on the right bank and 50 miles on the left bank. The
channel would be trapezoidal in shape with a base width of 750 feet. Additional
protection for the levees would be provided by permitting a fringe of river-bottom
growth such as salt cedar or mesquite, about 100 feet in width, to grow on the river
side of the levees on each side of the channel. The remaining 550-foot-wide center
portion of the channel would be maintained as a cleared floodway.

In April 1975, the Office of the Chief of Engineers approved reclassification of
this project to the inactive category. The project was never constructed, and was de-
authorized in 1992 under provisions of Section 1001 of the Flood Control Act of 1986,
which limits the time an authorized project may remain inactive.

In accordance with the operation manual and release schedule, in effect prior
to 1974, the channel improvement project was economically justified. A revised
operation release schedule was proposed in 1974 which, in itself, would minimize
downstream damages by about 60 percent. Based on this new operation release
schedule, the downstream channel project was no longer justified.

There was also strong opposition to channelization and dredging of the Lower
Colorado and Gila Rivers from the following groups:

* Yuma County National Resources Committee

* Yuma Telco Sportsman Club

12



* Arizona Wildlife Federation
* Arizona Game and Fish Department
* Tucson Wildlife Unlimited
The primary issues included:
» removal of wildlife habitat

+ impact of wildlife habitat removal on white-wing dove

2.4 Existing Water Resources Projects

Gillespie dam, built by local interests in 1923 for irrigation diversion, forms the
upstream limit of this study. Gillespie dam failed during flooding in January 1993,
leaving an approximately 100 foot gap in the center of the embankment. A decision
as to repair, demolition, or reconstruction of the dam has not been made at the time
of this study. The dam remains in private ownership.

Between Gillespie Dam and Painted Rock Dam downstream, there are no
water resource projects. Painted Rock Dam was completed in 1959 and was built
and is operated by the Corps of Engineers. The dam is earth filled with a crest
length of 4,780 feet with a gross capacity of 2.5 million acre feet at spillway crest
(elevation 661). From Painted Rock Dam downstream about to Texas Hill there also
are no water resource projects.

From Texas Hill to Dome, lies the Wellton-Mohawk Irrigation and Drainage
District (WMIDD). Located within the Gila River valley, the WMIDD is actually a user
of Colorado River water. The WMIDD was created by act of the Arizona State
Legislature on 23 July 1951. It was organized to provide a legal entity which could
enter into a contract with the United States to repay the project cost of providing
irrigation and power for the area. The irrigation features were authorized by
Congress on 23 July 1947 as the Wellton-Mohawk Division of the Bureau of
Reclamation’s Gila Project. The irrigation facilities lift the water from the Colorado
River eastward into the fertile Gila River valley. The WMIDD now has approximately
378 miles of main canals, laterals, and drainage channels. Additional facilities
include three major pumping plants, four minor pump stations on three of the larger
irrigation laterals, 10 re-lift pumps at various locations on main and lateral canals, 90
drainage wells, and 480 observation wells.

In 1986, the WMIDD initiated work on a Gila River channel enhancement
project. This project included the clearing of brush along the centerline of the

13




channel, construction of a pilot channel, and construction of dikes. The flood channel
project had a nominal design flow of 10,000 cfs and was about 95% complete when
the flooding began in January 1993. Approximately 65% of this system was
damaged during the 1993 floods. Wellton Mohawk intends to restore the flood
protection provided by this system under the Federally declared disaster provisions of
FEMA. At the time of this report, flood flows in excess of approximately 3,000 cfs
could potentially cause significant damages through this reach of the river. Wellton-
Mohawk intends to reconstruct the levees to provide the 10,000 cfs pre-disaster
capacity.

Downstream from Highway U.S. 95 to the confluence with the Colorado River,
the Bureau of Reclamation maintains a levee system under their Front Work and
Levee Authority. This system includes existing 50,000 cfs capacity levees along the
south side of the Gila River through this reach. Levees along the north side have a
capacity limited to approximately 28,000 cfs. The Bureau of Reclamation currently is
planning to increase the capacity of this north levee system to 50,000 cfs, starting in
about 1997.
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CHAPTER 3

PUBLIC AND AGENCY INVOLVEMENT

3. PUBLIC AND AGENCY INVOLVEMENT
3.1 General

Public involvement included notification by mail of study initiation to the
Arizona Congressional delegation, Federal, State and local agencies, and known
interested individuals.

The Corps of Engineers conducted site visits to the affected areas.
Experienced engineers and planners met with County and local officials, viewed 1993
flood problem areas, and obtained locally available information on flood problems and
damage history. Local and county officials were consulted regarding their perception
of the necessary solutions.

Numerous County and local officials statewide participated fully and integrally
in the evaluations through the initial request, participation in the field trips, meetings,
provision of background reports and information, and coordination and cooperation
with the U.S. Army Corps of Engineers.

3.2 Public Meetings

Public meetings were held at Antelope High School, Wellton, AZ, on 13
December 1993, Arizona Western College, Yuma, AZ on 14 December 1993, and at
the Gila Bend Community Center, Gila Bend, AZ, on 14 December 1993.
Participants were invited to provide addresses, and all who did so were mailed a
summary of the results of all three meetings.

The public workshops were conducted as follows:

1) Initiation of the reconnaissance study was announced.

2) Those in attendance were informed of the goals and
objectives of the study, and the study process.

3) An opportunity was provided for all in attendance to
provide their comments, issues, and concerns.
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3.3 Agency Coordination

Meetings were held throughout the study between Corps staff managers and
representatives of Federal, State and local agencies. Agencies that participated
included:

U.S. Bureau of Reclamation

U.S. Bureau of Land Management

U.S. Environmental Protection Agency

U.S. Fish and Wildlife Service

U.S. Department of Agriculture

Federal Emergency Management Agency
International Boundary and Water Commission
Arizona State Department of Environmental Quality
Arizona State Department of Water Resources
Arizona State Department of Transportation
Arizona State Game and Fish Department
Flood Control District of Maricopa County, AZ
Flood Control District of Yuma County, AZ
Wellton-Mohawk Irrigation and Drainage District

3.4 Synthesis of Meeting and Coordination Comments
Comments from both the public meetings and agency coordination were
summarized and distributed to Corps management and technical staff and became

part of the Plan Formulation process. A summary of the public comments from the
workshops is presented below.

ANTELOPE HIGH SCHOOL WORKSHOP (December 13, 1993) Comments:

1. Need to recognize channel shift, silting.

2. Agricultural damages must also consider sediment damage, eroded fields,
loss of real estate values.

3. Address flood control operations of Painted Rock Dam.

4. Who will be the local sponsor for any subsequent feasibility study and
project?

5. Corps permit (404) process needs to be expedited.
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6. Flood control channels below Painted Rock Dam have enhanced wildlife
environment.

7. ls it possible to combine flood control solutions with environmental
enhancements?

8. Construction of dams (such as Orme) would have helped minimize flood
damages.

ARIZONA WESTERN COLLEGE WORKSHOP (December 14, 1993) Comments:

1. The study should address downstream impacts to Colorado River Below
confluence with Gila River (including Yuma, Imperial Co., and Mexico).

2. Investigate any impacts of subbing, high water table, salinity.

3. Ensure all potential benefit categories get included (direct, indirect).

4. Hydraulic designs should include consideration of environmental issues.

5. Hydraulics of the Gila River are complicated, cannot just use designs from

higher rainfall areas.

GILA BEND COMMUNITY CENTER (December 14, 1993) Comments:

1. Study should address operations of Painted Rock Dam.

2. Study should include impacts within Painted Rock Reservoir, as well as the
area above--up to Gillespie area.

3. Notify meeting attendees of comments from other workshops.

4. Water quality issues should be included in study.

5. Study should not just look at one comprehensive solution. Look at each
river reach and see if there are multiple solutions, or if other Corps programs
might be applicable.

6. Damages should include loss of real estate and use values.

7. Cropping patterns may now change due to damaged land and channel
shifting.
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3.5 Environmental Restoration - Public Involvement

Environmental Restoration workshops were held on June 10, 1994, June 23,
1994, October 20, 1994, November 16, 1994, and December 2, 1994. The purpose
of the workshops was to bring together environmental expertise from a wide variety of
local, state, and federal agencies. The workshops were primarily scoping sessions to
assess problems and opportunities for restoration along the lower Gila River and
develop an array of alternative solutions and restoration schemes. Participants
included representatives from the following agencies:

Arizona State Game and Fish Department

Arizona State Department of Environmental Quality
Arizona State University

Arizona State Riparian Area Advisory Council
Wellton-Mohawk Irrigation and Drainage District
U.S. Bureau of Reclamation

U.S. Bureau of Land Management, Yuma

U.S. Bureau of Land Management, Phoenix

U.S. Fish and Wildlife Service

As a result of the meetings, several alternatives were identified. Problems
associated with restoration such as land ownership, water availability, soil conditions,
and potential for sustainability were discussed and addressed. Criteria for potential
solutions and restoration schemes were developed based upon a wide variety of
factors including anticipated requirements for different habitat types, and through a
screening process appropriate areas and methodologies were selected for restoration
evaluations.
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CHAPTER 4

STUDY AREA DESCRIPTION

4. STUDY AREA DESCRIPTION
4.1 Study Area

The study area consists of 164 miles of the Gila River from Gillespie Dam to
Yuma, AZ, where the Gila flows into the Colorado River (Figure 3). The area lies
within both Maricopa and Yuma Counties, Arizona. Gillespie Dam is located about 60
air miles southwest of Phoenix in south central Arizona. Yuma is located on the
Colorado River in extreme southwestern Arizona.
4.2 Gila River Drainage

The Gila River basin is the largest drainage area tributary to the Lower
Colorado River, with a total drainage area of 58,200 square miles. Approximately
50,900 square miles of this total lies above Gillespie Dam, and 53,000 above Painted
Rock Dam. The Gila River is 654 miles long. The entire Gila drainage is outlined in
Figure 1. The major tributaries of the Gila River and their respective drainage areas
include the following:

» Salt and Verde Rivers ( 13,000 square miles)

» Santa Cruz River (8,600 square miles)

» San Pedro River (4,500 square miles)

» San Francisco River (2,800 square miles)

« San Simon River (2,200 square miles)

» Agua Fria River (2,000 square miles)

» Centennial Wash (1,800 square miles)

« San Carlos River (1,027 square miles)

- others include the Hassayampa River and Queen Creek
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There are numerous dams within the Gila River basin. The major dams on the
Gila River and its tributaries are shown in Table 1. These dams, and their
operations, exert an appreciable influence on major floods.

The upper Gila drainage includes the eastern slope of the Mogollon Mountains,
and western slope of the Black Mountains in New Mexico. This portion of the
watershed remains in its natural state and contains no dams. After the Gila enters
Arizona, water is directly pumped from the river for irrigation purposes. The River is
then contained in San Carlos Reservoir behind Coolidge Dam, about 80 miles
southeast of Phoenix. Below Coolidge Dam, the river flow is diverted by Ashurst-
Hayden Dam and the river becomes ephemeral. In the metropolitan Phoenix area
the river is joined by major tributaries such as the Salt, Santa Cruz, and Agua Fria
Rivers. Effluent from two wastewater treatment plants on the Salt River provides
year-round flows that move downstream into the Gila.

At Gillespie Dam, the upper end of this study area, the Gila contains effluent,
irrigation return flows, and occasional flood flows. Downstream from Gillespie is
Painted Rock Dam, which is the principal flood control structure for the lower Gila
River basin.

Below Painted Rock Dam, the Gila River flows approximately 126 miles to the
Colorado River at Yuma, Arizona. There is limited use of Gila River surface water
flows below Painted Rock Dam. For the first 65 miles downstream of the dam, the
terrain is sparsely populated with widely scattered areas of agriculture irrigated by
groundwater. The next 45 miles consists of an intensive agricultural area consisting
of about 65,000 acres. This land is managed by the Wellton-Mohawk Irrigation and
Drainage District and is irrigated with water pumped up from the Colorado River.
Immediately upstream of where the Gila River joins the Colorado River, there is a
large irrigated agriculture are owned in part by the North Gila Valley Irrigation District,
and in part by the Yuma Mesa Irrigation District which extends to the U.S.- Mexico
international border. Except during flood releases from Painted Rock, the Gila River
contains some return irrigation flows, particularly in the Wellton-Mohawk area. The
flows from the Colorado River, occasionally supplemented with Gila River flows,
continue to Mexico where water is used primarily for irrigated agriculture on the upper
delta and Mexicali Valley.
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TABLE 1
Major Dams on the Gila River and Tributaries
Dam (Opr.)’ Reservoir River Purpose’ | Capacity (AF)

Coolidge (BIA) San Carlos Gila | & P 1,222,000
New Waddell (BuRec) Lake Pleasant | Agua Fria | 902,502
Roosevelt’ (SRP) Roosevelt Salt L P. FE 2,100,000
Horse Mesa (SRP) Apache Salt | & P 248,000
Mormon Flat (SRP) Canyon Salt | & P 59,000
Stewart Mountain (SRP) Saguaro Salt | & P 71,000
Horseshoe (SRP) Horseshoe Verde | 141,000
Bartlett (SRP) Bartlett Verde I 182,000
Tat Momolikot (BIA) St. Clair Santa Rosa M 198,000
Gillespie (Pvt)* Gillespie Gila I (N/A)

Painted Rock (COE) Painted Rock Gila FC 2,491,000

' - Operated by BIA-Bureau of Indian Affairs, BuRec-Bureau of Reclamation, SRP-

Salt River Project, Pvt-Private, COE-Corps of Engineers

2 _ |-Irrigation, P-Power, M-Multipurpose, FC-Flood Control

* - Capacity figure includes modifications currently under way.
* - Gillespie Dam failed in January 1993

Note: In addition to the above there are numerous, mostly smaller, dams such as
New River, Adobe, and others. Many of these provide local flood protection.
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4.3 Topography

Elevations in the Gila River basin range from more than 12,000 feet in the San
Francisco Peaks in the Verde River basin, to 130 feet near Yuma. Much of the
northern part of the basin is extremely irregular with elevations ranging from 7,000
feet to 12,000 along the basin boundaries. This part of the basin is mostly drained by
the Salt River which flows into the Gila near Phoenix. The eastern half of the basin
consists of long desert valleys lying between rugged mountains. Here the elevations
are generally lower, but in places are above 10,000 feet.

The study area, from Gillespie Dam to Yuma, is in the southwestern portion of
the basin. This area consists of gently rolling desert plains and broad,flat ,low-lying
desert valleys ranging in elevation from 130 to 1,500 feet MSL, with a few minor
rugged desert mountains reaching elevations of 3,000 to 4,000 feet.

4.4 Climate

The climate in the study area is characteristic of the lower Sonoran desert.
The climate is semi-arid, but variations exist depending principally on elevation. The
average annual rainfall is 4.0 inches in the lower desert and 30 inches or more in the
highest mountains of the basin. The intensity of the precipitation varies widely.
Storms on record have produced up to 5 inches of rainfall within a 24 hour period.

Streamflow characteristics vary considerably throughout the basin. Runoff
producing storms typically occur during two distinct seasons, the summer monsoon
season and during the winter storm season. The monsoon season starts around mid-
July and extends in September, while the winter storm season typically begins in late
November and extends through April. The streams in the lower desert areas have
very little flow other than immediately after the heavier rains. The northern and
headwater streams are perennial. Snowmelt is a contributing factor in most winter
storms. During major runoff producing storms, streamflow increases rapidly, and in
conjunction with steep gradients, snowmelt and sparsely vegetated slopes, results in
major floods.

4.5 Geology and Soils

The area is part of the Southern Basin and Range Physiographic Province
which is characterized by steep rugged mountain ranges bounded by broad gently
sloping alluvium-filled valleys (basins). The mountain ranges have established a
general northwest to southeast trend parallel to an extensive system of sub-parallel
faults. The mountain ranges were extensively dissected, downdropped and uplifted
by this system of northwest to southwest and east to west trending sub-parallel

23




normal faults during the middle to late Cenozoic era. The basins are extremely thick
alluvial and colluvial filled valleys, deposited during the late Cenozoic era; they cover
the disconnected downdropped portions (grabens) of mountain ranges.

Basins within the project area are made up of Quaternary and upper Tertiary
aged sediments (soils) that are almost 5,000 feet thick near valley centers to less
than 1 foot thick along mountain fronts. Basin sediment consists mostly of: poorly to
well consolidated and unconsolidated inter-layered gravels, sands, clays and caliche,
representing a long history of erosion and several environments of deposition. The
alluvial fill typically present contributes to sediment loading of flood flows, and
patterns of deposition and scouring throughout the system.

Mountain ranges and hills from Gillespie Dam to Yuma consist mostly of
younger Tertiary aged sedimentary and volcanic rocks that overlie unconformably on
an older Precambrian igneous and metamorphic basement rock complex. The
complex is composed predominantly of igneous granite and diorite, schist, gneiss and
volcanics. Tertiary rocks consist of volcanic basalt, andesite and rhyolite,
sedimentary sandstone, siltstone and conglomerate.

4.6 Vegetation

The vegetation of the study area is characteristic of the Sonoran desert. This
vegetation occupies the lowest, most arid regions and extends to elevations of 3,000
feet where terrain is gentle and to 4,500 feet on steep slopes. Native plant life is
described to be of three communities: Desert wash or Riparian, Desert outwash plain,
and Desert upland. The natural vegetation still exists on the perimeters of the urban
areas and within the reservation lands, on steep slopes and mountain tops, and along
arroyos, washes and major drainages.

4.7 Population

Immediately upstream from the study area lies the Phoenix metropolitan area
with a 1994 estimated population of 2.2 million. This is an increase of 1.0 million
from 1970, making Phoenix one of the most rapidly growing urban areas in the
country. At the downstream end of the study area, the City of Yuma currently has a
population of about 60,000 with a rate of growth similar to Phoenix.

The area from Gillespie to the City of Yuma is largely agricultural or open desert.
The largest community in this area is Gila Bend, with a population of 1,800. A
number of small farming communities are scattered along the river, or Interstate 8,
and include Wellton, Tacna, Dateland, and others, with Populations from 1,500 down
to 100.
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4.8 Land Use

Agricultural use predominates from Gillespie Dam to Painted Rock.
Downstream from Painted Rock to the upper end of the Wellton-Mohawk Irrigation
and Drainage District the area is largely undeveloped, and in its natural desert form.
The area throughout Wellton-Mohawk is intensively developed into commercial
irrigated agricultural uses. This agricultural development extends to Yuma itself. The

economy of the area is predominately based on agricultural production, trade, and
services.

4.9 Transportation

Transportation routes include Interstate 8, as well as state and local roads.
Investigations performed during this study, show 134 transportation or utility crossings
of the Gila River in the study area (Appendix C). A mainline Southern Pacific
Railroad line transverses the area. Local bridged crossings are critical to movement
of people and agricultural products in the area. During the 1993 floods all but one of
these crossings were closed due to bridge destruction or damage.
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CHAPTER 5

PROBLEM IDENTIFICATION

5. PROBLEM IDENTIFICATION

5.1 Introduction

This chapter presents an overview of the water and related land resources
problems specific to the study area. The problems presented are intended to reflect
those associated with the Federal objective and identified state and local concerns. It
has been attempted to express problems in such a way that meaningful levels of
achievement can be identified when evaluating potential solutions to these problems.
Problems have been presented for both current and future conditions where sufficient
information is available to do so.

5.2 Flood Control
5.2.1 Historical Floods

Historical references to floods on the Lower Gila River extend back to 1833,
but continuous records of discharge measurements are not available prior to 1903.
Historical accounts indicate that general floods occurred in 1833, 1862, 1869, 1880,
1884, 1886, 1889, 1891, 1893, 1895, and 1903. Records since 1903 show that
floods and or storms occurred in March 1905, November 1905, December 1906,
December 1914, January 1915, January 1916, October 1916, November 1919,
February 1920, December 1923, September 1926, February 1927, February 1937,
March 1938, March 1941, September 1946, December-January 1965, March-May
1975, March 1978, December 1978-April 1979, February 1980, October 1983,
December 1984-March 1985, February-April 1992, and January-April 1993.

Floods on the lower Gila River, prior to the construction of Painted Rock Dam,
were a threat to property in the lower Gila Valley, and along the Colorado River below
the confluence with the Gila River. Monetary estimates of damage are not available
for floods prior to 1890 and are incomplete for floods since that date. In addition to
property damage, loss of life has been reported.

5.2.2 Painted Rock Dam

The flood control project for Painted Rock Dam was authorized by the Flood
Control Act approved 17 May 1950, in accordance with the recommendation in the
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report of the Chief of Engineers, dated 15 August 1949 and printed in House
Document No. 331, Eighty-first Congress, first session. Construction on the dam was
completed in 1959. A photograph of Painted Rock Dam and the reservoir area is
shown on page 28.

Painted Rock Dam was authorized to provide protection against floods for
agricultural lands (1) downstream from Painted Rock Dam in Arizona, (2) along the
lower Colorado River in Arizona, California and Mexico, and (3) in the Imperial Valley
of California. Flood protection is also provided to residential,commercial, and
industrial properties in the city of Yuma and the towns of Gadsen and Somerton,
Arizona; to extensive irrigation facilities; and to important defense installations.
Painted Rock Dam is vital to the operation of the 1944 Water Treaty with Mexico.

The dam consists of a zoned embankment with a positive cutoff to bedrock. It
has a crest width of 20 feet, and a maximum height of approximately 180 feet above
the streambed. The spillway is broad crested, detached and unlined with a concrete
control sill. The gated outlet is through the right abutment.

PAINTED ROCK DAM RESERVOIR REGULATION MANUAL

Corps of Engineers regulations require preparation of a Reservoir Regulation
Manual based on the actual as built design of a flood control project and authorized
project purposes. The "Reservoir Regulation Manual for Painted Rock Reservoir,"
dated June 1962, was approved on November 29, 1962, and is the currently
approved Reservoir Regulation Manual for Painted Rock Reservoir. This manual
describes the physical characteristics of the project, plan of operation, coordination
procedures, hydrologic information of the watershed, emergency procedures, and
other information related to the operation of the dam.

There are two basic methods to operate a flood control dam such as Painted
Rock during a flood event -- one is to operate on a prediction basis and the second is
to operate in accordance with a fixed operation schedule. Operation on a prediction
basis establishes the rate of release of floodwaters from the dam based on the
upstream and downstream conditions. Relevant factors at Painted Rock Dam
include: prior rainfall and runoff, forecasted precipitation (short-term and long-term),
ground conditions (e.g., saturation, snowpack, etc.) and forecasted runoff, current
level of Painted Rock Reservoir and current inflow to the reservoir, current level of
inflow to and outflows from upstream dams, expected operation of upstream dams,
the status and expected operation of dams on the main stem of the Colorado River,
and the current relationship between reservoir outflow and downstream damages. A
fixed operation schedule for a flood control dam merely provides a fixed rate of
release for specific water elevations in the reservoir. Such fixed operating schedules
ignore the factors described above and usually are designed to control the reservoir
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design flood (in this case, the standard project flood). Operation on a prediction
basis can provide greater flood control benefits for floods that are smaller than the
standard project flood.

The 1962 Reservoir Regulation Manual includes two alternative fixed operation
schedules for Painted Rock Dam that are suitable for controlling the standard project
flood. Paragraph 64 of the 1962 Reservoir Regulation Manual authorizes the Los
Angeles District (LAD) to depart from those fixed operating schedules during floods
that are smaller than the standard project flood. Paragraph 65 of the 1962 Reservoir
Regulation Manual specifies who may exercise the discretion described in paragraph
64 (i.e., only persons in the LAD office) and addresses operation of the dam in the
event of loss of communication between the dam and the LAD office.

PAINTED ROCK RESERVOIR OPERATION

Operation decisions during all flood events at Painted Rock Dam have been in
accordance with the authority granted in the 1962 Reservoir Regulation Manual. LAD
has operated Painted Rock Dam on a prediction basis.

LAD operates Painted Rock Dam to minimize damage from flood waters in
areas downstream of the dam. The major categories of damage that LAD attempts to
avoid are: a) damages to the Wellton-Mohawk Irrigation and Drainage District
(WMIDD), b) interruption of road crossings (with attendant disruption of transportation
and commerce), ¢) damage to farmlands along the Gila River above Texas Hill, and
d) damage to lands adjacent to the lower Colorado River in the United States and
Mexico. The WMIDD includes approximately 65,000 acres of irrigated farmlands
along the Gila River between Painted Rock Dam and Yuma, Arizona.

Channel capacity has been the most significant factor in the operation of
Painted Rock Dam. Large releases from the Painted Rock reservoir cause severe
economic and social hardship on the communities downstream of the dam, especially
if the improved road crossings are washed out. Prior to the first significant
impoundment at Painted Rock dam in 1966, there were no improved vehicle
crossings across the Gila River on the entire reach of the river from the dam to the
Colorado River. In 1966, when releases were first made, the unimproved crossings
were flooded, making them impassible. The loss of these crossings caused severe
economic and social hardship to the communities downstream of the dam. In
response to this impact, several of the crossings were improved to allow the passage
of approximately 1,500 cfs (cubic feet per second). As a result of relatively high
releases from the dam for the period of December 1978 to November 1980, the
channel capacity was naturally increased due to flows scouring the channel and
carrying away brush ‘and vegetation. Over the years, the improved crossings have
been enlarged to the point where, by the end of the 1980 impoundment, 5,000 cfs
could be released without washing out the improved crossings. During the period
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following the 1980 flood event, significant improvements were made to a number of
Gila River crossings between Painted Rock Dam and the Colorado River. In addition,
the WMIDD began construction on a leveed channel system through their District
capable of conveying a maximum discharge of 10,000 cfs. Yuma County, Maricopa
County, and the WMIDD upgraded the capacity of most of the improved crossings to
pass approximately 10,000 cfs. However, many unimproved crossings will still be
flooded when releases are made; therefore, substantial social and economic
hardships associated with transportation problems will still occur when releases are
made from Painted Rock Dam. An inventory of all bridge and utility crossings has
been conducted as part of this study. The results are presented in Appendix C. The
inventory includes estimation of flow capacities, estimation of scour potential, a
description of each crossing, damages from prior flood events, estimated detour
routes and mileage, and relationship to existing flood control improvements and
repairs.

Two separate "salinity problems" have been considered by LAD in connection
with operation of Painted Rock dam: 1) potential salinity damage to lands and crops
in the WMIDD caused by high ground water levels, and 2) potential effects of Gila
River flows on the United States’ obligation to deliver Colorado River water of a
specified salinity to Mexico.

Since Painted Rock dam began operation on April 1, 1959, there have been 12
floods that caused the reservoir to rise above Elevation 580 feet. Elevation 580 feet
is the elevation in the reservoir in which the Corps owns land in fee title. Above
elevation 580 feet the land is in a mix of government owned lands and lands in which
the Corps has flowage easements up to the spillway crest elevation of 661 feet. The
dates of these 12 flood events is presented below along with a summary of the
Painted Rock Dam operation during each of these events.

January, 1966
March-May, 1973
February-March, 1978
December, 1978
January, 1979

March, 1979
February, 1980
February-May, 1983
9. October, 1983.

10. December, 1984- April, 1985
11. February-April, 1992
12. January-June, 1993

ol B0 il ) e
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January, 1966 flood. Significant inflow occurred from January 1, 1966 through
January 13, 1966. Peak average daily inflow of 30,741 cfs occurred on January 3,
1966. Reservoir elevation peaked at 585.94 feet on January 13, 1966.

March-May, 1973 flood. Runoff from melting of an unprecedented snowpack in
central Arizona caused significant inflow to Painted Rock Reservoir from March 18,
1973 to May 22, 1973. Peak average daily inflow of 15,585 cfs occurred on April 4,
1973. Reservoir elevation peaked at 601.25 feet on May 20, 1973. Maximum
releases from Painted Rock reservoir were approximately 2500 cfs. From October 5,
1974 to August 17, 1976, LAD stopped releasing water from Painted Rock Reservoir
to provide a temporary lake for recreation purposes. During that period, the reservoir
was at or below Elevation 558.83. The reservoir was fully drained by August 31,
1976, prior to the next flood.

February-March, 1978 flood. Storms during February 27-March 6, 1978,
produced heavy runoff on central Arizona tributaries to the Gila River. Most streams
peaked on March 1 or 2. Significant inflow to Painted Rock Reservoir occurred from
March 4 through March 31, 1978. Peak average daily inflow of 69,694 cfs occurred
on March 4, 1978. Reservoir elevation peaked at 598.13 feet on March 12, 1978.
From March 4, 1978 through December 21, 1978, releases were made at a rate
equal to the infiltration rate of the Gila River channel between Painted Rock Dam and
Texas Hill (approximately 250 cfs) to avoid water reaching WMIDD. Reservoir
elevation decreased to a low of 582.75 feet on December 18, 1978 when the next
flood arrived.

December, 1978 flood. A storm on December 16-20, 1978, produced heavy
runoff throughout most of Arizona and western New Mexico. Moderate snowfall down
to elevations below 5,000 feet in early December created a snowpack that contributed
significantly to the runoff as it melted during the warm, heavy rain of December
16-20. Most Gila River tributaries peaked on December 18 and 19. Significant inflow
to Painted Rock reservoir occurred from December 18, 1978 through January 13,
1979. Peak average daily inflow of 74,724 cfs occurred on December 21, 1978.
Reservoir elevation peaked at 612.95 feet on December 31, 1978.

January, 1979 flood. Precipitation during January 16-19, 1979, produced
heavy runoff in Arizona. Significant inflow to Painted Rock reservoir occurred from
January 16, 1979 through February 20, 1979. Peak average daily inflow of 66,073
cfs occurred on January 20, 1979. Reservoir elevation, which was 611.84 feet at the
beginning of the inflow, peaked at 634.66 feet on February 8, 1979.

March, 1979 flood. Rainfall on March 17-22, 1979, produced moderate inflow
to Painted Rock reservoir; rainfall during March 28-30, 1979, produced significantly
heavier runoff and inflow. Significant inflow occurred from March 17, 1979 through
April 18, 1979. Peak average daily inflow of 44,580 cfs occurred on March 30, 19709.
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Reservoir elevation, which was 629.63 feet at the beginning of the inflow, peaked at
642.35 feet on April 17, 1979.

December, 1978 - January, 1980 Impoundment. The floods of December,
1978, January, 1979, and March, 1979 produced an impoundment at Painted Rock
Reservoir that lasted until January 27, 1980. On December 22, 1978, higher releases
were initiated due the unprecedented volume of water (over 600,000 acre-feet) in
storage so early in the season. Releases were approximately 1,500 cfs until January
19, 1979. The 1,500 cfs value was the maximum capacity of the crossings
downstream of the dam. By January 19, 1979, the capacity of the crossings had
been increased to 2,500 cfs, so releases were gradually increased to 2,500 cfs by
February 8, 1979. Releases higher than the capacity of the downstream crossings
were not made due to the large amount of damage the higher releases would have
caused. The 2,500 cfs release was continued from February 8, 1979 until the
reservoir was emptied on January 27, 1980.

February, 1980 flood. Above normal precipitation occurred during most of
January, 1980, saturating watersheds and causing upstream reservoir levels to rise.
Precipitation that occurred on February 13-22, 1980, as a result of six Pacific storms,
produced heavy flooding in central Arizona. Inflows to Painted Rock Reservoir rose
sharply on February 16, 1980. Significant inflow to the reservoir occurred from
February 16, 1980 through March 14, 1980. Peak average daily inflow of 144,658 cfs
occurred on February 17. Reservoir elevation peaked at 647.81 feet on March 6,
1980; this was the second highest reservoir pool elevation reached since the dam
was constructed in 1959. Releases began on February 3, were progressively
increased to 1,000 cfs on February 11, and were further increased to approximately
2,500-2,600 cfs by February 19, 1980. On February 27, 1980, a public meeting was
held in Yuma, Arizona, to obtain the views of local interests concerning increased
releases. As a result of the meeting, LAD decided to gradually increase releases
toward a target of 5,000 cfs. However, based on reports of anticipated downstream
damage, judgment decisions were to be made as to what constituted an acceptable
sustained release on a given day. Releases were gradually increased from
approximately 3,000 cfs at the end of February to approximately 4,300 cfs in
mid-June. Starting on June 19, and continuing through July 6, 1980, releases were
cut to less than approximately 300 cfs to allow for emergency repair of the
downstream Avenue 64E crossing by the Yuma County Highway Department.
Releases of about 2,500 cfs were made on July 7, and were gradually increased to a
maximum mean daily flow of 5,020 cfs (USGS records). Increasing releases above
3,000 cfs caused the riverbed to gradually scour, expanding downstream channel
capacity. Thus, the higher releases in July did not cause a significant increase in
river stage or associated damage. Starting on October 21, 1980, releases were
gradually reduced to minimize nutrient loading and a potential fish kill in the down-
stream Borrow Pit Lake. Discharges of nutrients from the bottom of Painted Rock
reservoir can cause depletions of oxygen in the Borrow Pit Lake, resulting in fish Kkills.
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Releases were also reduced to lengthen the duration of flow in the Gila River to
support a suction dredge operated by the Yuma County Highway Department in
conjunction with downstream bridge construction. By December 18, 1980, Painted
Rock reservoir was fully drained.

January-May, 1983 flood. The January-May, 1983 flood inflows resulted from
release of runoff from the Salt River Project reservoir system upstream of Painted
Rock Dam. Significant inflow to Painted Rock reservoir occurred between January 1
and May 30, 1983. Peak average daily inflow of approximately 23,000 cfs occurred
on February 12, 1983. Reservoir elevation peaked at 609.40 feet on April 8, 1983.
During January and February, Painted Rock dam releases were limited to less than
400 cfs with the objective of infiltrating floodwaters between the dam and Texas Hill,
thereby preventing an increase in WMIDD ground water levels. The magnitude of
these low releases was also coordinated with modifications underway to certain
downstream channel crossings. By March 1, 1983, it became evident that the
quantity of water already in storage plus anticipated additional inflows would be
greater than could be released by continuing the low releases and still have
essentially an empty reservoir at the beginning of the next flood season. Hence,
flood releases were gradually increased to about 3,200 cfs by the end of March and
further increased to 4,500 cfs by mid-June. In 1983, flooding on the Colorado River
reached historic highs -- spillway flow occurred simultaneously at Hoover and Glen
Canyon Dams for the first time in history. In mid-June, the need to make large flood
control releases from Hoover Dam on the main stem of the Colorado River required a
reduction of Painted Rock dam releases to about 500 cfs to avoid aggravating flood
damage on the lower Colorado River. Painted Rock Dam releases were limited to
about 525 cfs during the second half of June and throughout July. During August,
sufficient channel capacity on the lower Colorado River became available to increase
Painted Rock dam releases to 1,000 cfs. The 1,000 cfs release was maintained
through September 25, 1983 when the reservoir was nearly empty. The remaining
29,000 acre-feet of water (water surface elevation of 558.09 feet) was to be released
at 70 cfs so as not to overload the downstream Borrow Pit Lake with decaying
organic matter from the upstream lake and cause environmental problems such as
fish kills. On October 2, 1983, inflow from the next flood event began.

December, 1984-April, 1985 flood. A series of flood inflows occurred during
this flood period with the maximum inflow peak of 27,000 cfs on December 30, 1984.
The maximum reservoir pool elevation of 592.31 feet occurred on March 23, 1985.
Reservoir releases of about 1,500 cfs in late December were gradually increased to
4,000 cfs in mid-February and sustained until early May. The dam returned to empty
in mid-May 1985.

February-April, 1992 flood. During February to April, 1992, three significant
flood inflows occurred with the highest peak being about 8800 cfs in mid-February.
The maximum reservoir water surface elevation of 583.50 feet occurred on April 3,
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1992. Reservoir releases of 1000 cfs in February were increased in a gradual
stepwise fashion to a maximum of 3000 cfs in late March through mid-April. In
response to a Bureau of Reclamation request, Painted Rock Dam releases were
reduced once the reservoir dropped below elevation 580 feet to rates that could be
fully utilized for meeting Colorado River water delivery requirements to Mexico. The
reservoir returned to empty in mid-June 1992.

January-June, 1993 flood. A series of strong Pacific storms during January
and February that picked up tropical moisture from lower latitudes produced record
breaking precipitation amounts throughout most of the southern half of Arizona. For
example, the January precipitation total at Roosevelt Dam on the Salt River was 11.2
inches, versus a normal January rainfall total of 1.8 inches, and a previous record
January precipitation total of 6.4 inches. The record rainfalls filled upstream
reservoirs on the Salt, Verde, and Upper Gila Rivers by early January and caused
subsequent flood runoff to spill over these facilities and flow downstream to Painted
Rock Dam. The resulting runoff produced a new flood of record on the lower Gila
River. The runoff volume into Painted Rock Dam during the period 1 January to 9
June was 5.24 (MAF), more than double the 2.5 MAF of flood control storage
capacity of the reservoir to spillway crest.

Painted Rock Dam operations began on 4 January with an empty reservoir.
When large flood inflow into the reservoir began in the first week of January, reservoir
releases were initiated at 2500 cfs on 5 January, and gradually stepped up to 5000
cfs (equal to the previous maximum sustained release) by 14 January. Because of
the large magnitude of the projected flood inflow and the existence of channel
improvements and upgraded river crossings downstream, reservoir releases were
increased to 10,000 cfs on 20 January. Following a coordination meeting with
downstream interests on 20 January, releases were further increased to 12,500 cfs, a
damaging level that required downstream interests, such as the Wellton-Mohawk
Irrigation and Drainage District and Yuma County, to flood fight levees and river
crossings in order to maintain sufficient control of the river to prevent large scale
flood damages. A 1-week cutback in releases during 30 January to 5 February was
necessary to enable downstream interests to retain control of the river which was
threatening to break through levees.

Reservoir releases were returned to 12,500 cfs on 9 February and maintained
at that level until additional flood events caused the reservoir pool level to rise over
the spillway and generate a maximum spillway discharge of about 26,000 cfs on 27
February. The maximum reservoir water surface elevation was 667.01 feet (2.81
MAF of water in storage), which was 6 feet over spillway crest of 661 feet (Figure 6).
After the peak of spillway flow, the reservoir releases were initially maintained at
24,000 cfs, utilizing the combination of both spillway outflow and releases from the
outlet works, in an effort to regain reservoir storage space as rapidly as possible.
Reservoir releases were gradually reduced to 20,000 cfs on 20 March, to 15,000 cfs
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on 14 April, to 10,000 cfs on 30 April, and to 5,000 cfs on 29 May, in response to
diminishing threat of additional flood inflow, and the objective of minimizing
downstream flood damages and permitting the recovery of downstream communities.

5.2.3 Without Project Condition Problem Identification

Without Project Condition Damages

Informal estimates by local officials of actual 1993 flood damage to
downstream agricultural interests, road crossings, and channel improvements, in
addition to transportation delays, flood fighting efforts, etc., are conservatively put at
$100 million. The reservoir above Painted Rock Dam inundated some structures, an
active Native American burial ground, and agricultural lands in the reservoir area.
Photographs that typify some of the damages in the study area from the 1993 event
are presented in Figures 5 through 10. The estimated average annual without project
flood damages and damages from the 1993 flood are summarized below. This
information is presented by study reaches. These study reaches have been
established based upon an engineering, environmental, economic, and institutional
evaluation of the study area (Figure 4).

Reach 1 - Gillespie Dam to Painted Rock Reservoir

This area consists mainly of farmland. This reach suffered approximately $1.0
million in damages during the 1993 flood. This figure does not include damage to
Gillespie Dam itself. The dam is privately owned and under the regulatory authority
of the Arizona Department of Water Resources. Damage or repair estimates to the
dam were not available. In the 1993 flood, Gillespie Dam failed when a 100 foot
section from the center of the structure was washed away. The dam is primarily a
diversion structure and provides no flood control benefits. The high discharges
downstream of Gillespie Dam caused some lateral migration of the river channel.
Portions of farmland were lost to river channelization in 1993 by both erosion and
deposition of sediment. The historic U.S. Highway 80 bridge was closed a result of
the 1993 flood. This resulted in a temporary 36-mile detour for ranchers, farmers and
school buses. The most significant damages in this reach have historically occurred
to crops, farm infrastructure, salinization of cropland due to high groundwater, and
costs associated with farmland restoration. Smaller damage categories through this
reach include damage to structures, content of structures, water pumping and fences.
Near Gillespie Dam, the El Paso Natural Gas Company pipeline received damage
during the 1993 flood event. The average annual without project damages are
currently estimated at $30,600 through this reach.
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Reach 2 - Painted Rock Reservoir

During the 1993 flood, the San Lucy Village Sewage Disposal Pond, located
north of the town of Gila Bend, was breached causing a limited amount of raw
sewage to enter the flood waters being detained behind Painted Rock Dam. A burial
ground of the San Lucy Village was also inundated by backwater from Painted Rock
Dam during the 1993 event. This burial ground had been protected by levees that
were constructed at the time Painted Rock Dam was built. The top of these levees
were at the spillway crest elevation of 661 feet. The Corps has flowage easements in
the reservoir area up to elevation 661 feet. During the 1993 flood, the maximum
water surface elevation was 667 feet. Average annual damage estimates in the
reservoir are have not been fully quantified, but are minimal compared to downstream
damages.

Reach 3 - Painted Rock Dam to Texas Hill

There are three bridges across the Gila River that were closed from the 1993
flood. They are the Sentinel, Dateland 64E and Agua Caliente bridges. The Corps
closed the road crossing over Painted Rock Dam, due to the high water. This forced
local residents to use the Agua Caliente Bridge until it was eventually closed due to
the approach to the bridge being inundated by the river. This caused residents from
the community of Agua Caliente to use detour routes as high as 96 additional miles.
A catalog inventory of all transportation and utility crossings is presented in Appendix
C. Atfter the flood, the spillway at Painted Rock Dam required reconstruction work to
restore it for future emergency spills.

Reach 4 - Texas Hill to Gila Siphon (Dome)

Prior to the 1993 flood, the Wellton-Mohawk Irrigation and Drainage District
(WMIDD) had approximately 105 miles of flood control levees in place, which
provided a maximum channel capacity of about 10,000 cubic feet per second (cfs) to
about 65 river miles. Approximately 65 miles of these levees were damaged during
the 1993 event, along with seven bridges and 30,000 acres of irrigated farm land.
The flood damaged approximately 65% of the pre-disaster flood control project.
Intense flood fighting activities helped the WMIDD maintain most flood control
facilities from Avenue 57E to Avenue 52E, and from Avenue 28E to Avenue 11E in
the vicinity of the Gila Siphon. The flood control system through the WMIDD suffered
heavy damage from Avenue 52E to Avenue 28E. In addition, WMIDD suffered
damage to their irrigation and canal system. Approximately seven miles
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Figure 5. Satellite photo of storm in Jan 93.

Figure 6. Painted Rock Dam with Spillway flow (Feb 93), view looking ENE.




Figure 8. Avenue 40. Wellton-Mohawk area. Mar 93. View looking north.




Figure 10. Gila River flood damages. Wellton-Mohawk area. Mar 93.




of irrigation laterals were damaged during the 1993 flood. Total damages exceeded
$50 million through this reach. The most significant flood damages in this reach
occur to irrigation infrastructure, roads, bridges, transportation impacts, emergency
and flood fighting costs, crops, and land restoration. Other quantifiable losses
occurred to structures, content of structures, and utilities. Average annual without
project flood damages are estimated at $869,540 through this reach. This figure is
based on a without project condition assumption that the channelization through the
WMIDD will be restored to 10,000 cfs capacity (See Section 5.2.3.2 for details). Until
this channel restoration project is constructed, the area is at risk to flood damages
from flood flows in excess of about 3000 cfs.

Reach 5 - Gila Siphon (Dome) to Yuma, AZ

From the U.S. 95 Highway Bridge to the confluence with the Colorado River,
the Bureau of Reclamation has flood control authority under their Colorado River
Front Work and Levee Authority. The Bureau has constructed and maintains levees
along the Gila River. The south levee system has 35,000 to 50,000 cfs capacity.

The north levee system is limited to about 28,000 cfs capacity. During the 1993
flood, the Bureau of Reclamation spent about $1.5 million in floodfighting and
emergency repair activities to the north levee system. There was approximately $700
thousand in damages to a Santa Fe gas line through this reach. Some flood
damages have occurred to the Yuma Irrigation and Drainage District and to the North
Gila Valley Irrigation and Drainage District. Including reaches 4 and 5, FEMA and the
Arizona Division of Emergency Management estimated that they incurred
$11,118,449 in flood fighting costs for Federal funding applicants in Yuma County.

Downstream of Study Area

From the Gila confluence to the North International Boundary, there are
revetted levees on both sides of the river. The design discharge is 140,000 cfs. The
levees are Federal, constructed and maintained by the Bureau of Reclamation. From
the North International Border to the South International Border, there are levees on
both sides of the Colorado River. The east levee is on U.S. territory and has a
design discharge of 140,000 cfs. It is a Federal levee, constructed and maintained
by the Bureau of Reclamation. The west levee is on Mexican territory and has an
estimated capacity of 28,000 cfs. It has withstood releases of this magnitude for
extended periods of time in the past.

The runoff from the Gila River in 1993 carried a large sediment load into the
Colorado River, causing significant accumulations in the international boundary
segment of the Lower Colorado River from Morelos Dam to the international border.
This sediment problem has impacted the ability of the hydraulic system to pass the
design flood through the international boundary segment of the Colorado River, which
includes the communities of Yuma, Arizona and San Luis, Sonora, Mexico; and
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inhibits Mexico from receiving full deliveries of Colorado River waters in accordance
with the 1944 Water Treaty. This is particularly critical in the area of Mexico’s
Diversion Dam where the sediment impairs efficient operation of the dam’s flood
control gates and ability to divert Colorado River waters.

Without Project Condition Assumptions

For the purposes of this reconnaissance study, the following assumptions were
made as to existing and future flood control conditions, without a Corps project.
These assumptions provide a baseline condition, for analysis purposes, that are
considered to be reasonable for helping to define flooding problems in the study area,
without any future Corps involvement. These without project condition assumptions
are as follows:

Upstream of Study Area

» No new dams would be constructed.

» Flood control storage and additional conservation space would be added
consistent with the ongoing modifications being made to Roosevelt Dam.
Improvements are currently underway to add approximately 550,000 acre-feet of flood
control storage and approximately 270,000 acre-feet of water conservation storage.
Hydrology for this study will include Roosevelt Dam modifications for flood control.

Reach 1 - Gillespie Dam to Painted Rock Reservoir

» Gillespie Dam will not be rebuilt, or if it is rebuilt it will provide no significant
flood control storage.

* There would be no new flood control structures constructed by others.

Reach 2 - Painted Rock Reservoir and Dam

» Painted Rock Dam will be operated in future floods for its authorized
purpose of flood control. Releases from the dam will be made to prevent and
minimize downstream damages. This will be largely governed by downstream
conditions. Therefore, for the purposes of this study, it will be assumed that the Los
Angeles District will continue to operate Painted Rock Dam on a prediction basis and
it will not be operated on a permanently fixed operating schedule. The dam will
continue to be operated in order to prevent or minimize flood damages downstream
of the dam. The assumed baseline flood control (without project condition) is
presented in Chapter 7, Table 4. The base conditions presented in Table 4 is
representative of Painted Rock Dam with the established without project conditions,
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and considered to provide the most flood protection for downstream interests. This
release schedule is generally reflective of the 1993 flood operation of Painted Rock
Dam and consists of a staged increase in reservoir releases to a non-damaging
discharge. This was used as the baseline condition for computation of without project
flood control damages and for water conservation, specifically in determining
incidental water yield realized by this baseline condition.

Reach 3 - Painted Rock Dam to Texas Hill

* No flood control structures will be built by others.

Reach 4 - Texas Hill to Gila Siphon (Dome)

« The WMIDD will restore the river channel to a 10,000 cfs capacity, through
the District, in the near future. This channel repair project is in the process of being
implemented through provisions of the Federal Emergency Management Agency
under the federally declared disaster caused by the 1993 flood (FEMA:977-DR-AZ
P.A.NO.027-91000). These provisions provide for Federal financial assistance for the
re-establishment of the pre-flood channel and allow for alternative channel alignments
to be considered, provided that the new alignments meet environmental
requirements, are hydraulically sound, and are cost effective. The WMIDD has
contracted with a consulting engineering firm to provide the professional services
required to obtain environmental permits, prepare plans and specifications, and to
perform construction management, with the objective of restoring the flood control
facilities damaged or destroyed during the 1993 flood event. Until these flood control
facilities are repaired, the WMIDD faces significant exposure to future flood flows of
approximately 3,000 cfs or greater.

Reach 5 - Gila Siphon (Dome) to Yuma, AZ

* The Bureau of Reclamation will be constructing levee improvements along
the north side of the Gila River from the U.S. 95 Highway bridge to the confluence
with the Colorado River. This will be performed, starting in about 1997, under the
Colorado River Front Work and Levee Authority for the Lower Colorado River. This
will increase the capacity of the north levee system from its current capacity of about
25,000 cfs to approximately 50,000 cfs, which will match the current capacity of the
south levee system through this same reach.

Downstream of Study Area

* Due to the sediment problem caused by the 1993 flood, there is currently a
proposed United States-Mexico agreement for an emergency action process and
subsequent studies to improve the conveying capacity of the international boundary
segment of the Colorado River. The International Boundary and Water Commission,
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United States and Mexico, and the U.S. Department of Interior Bureau of Reclamation
have proposed to engage in a joint effort to remove sediment from the lower
Colorado River in an area roughly from the confluence of the Gila River to Moreles
Dam.

Summary of Flooding Problems

Based upon the damage estimates and baseline condition assumptions, the
primary flood control problems in the study area have been identified to consist of the
following:

* Inundation of agricultural land, and damages to the infrastructure that
supports the agriculture.

* Inundation damages and problems in the Painted Rock reservoir during
detention of large runoff volumes.

» Sedimentation and erosion problems throughout the study area. These
problem areas include agricultural locations where the Gila River flows into Painted
Rock reservoir, through downstream agricultural areas, and into the lower Colorado
River. As a result of the floods of 1993, there was considerable sedimentation,
scouring, and channel migration for the Gila River throughout the study area.

» Transportation and utility impacts due to limited capacity bridges and river
crossings that close during Gila River events. See Appendix C for a detailed
inventory of Gila River transportation and utility crossings in the study area.

» Water table increases through agricultural areas that can negatively impact
crop production and contributes to salinization.

5.3 Water Conservation
5.3.1 Historical Perspective

For as long as humans have been living in the Colorado River basin, they
have depended on its waters to survive and sustain their lives. Archeological findings
indicate that primitive irrigation systems were developed at least 2,000 years ago by
the Hohokam Indians. This vanished Indian tribe diverted flows along the Salt and
Gila Rivers to irrigate and nourish their lives. It is speculated that drought in the
1200’s led to their disappearance. In the 16th century, the Pima Indians in extreme
southern Arizona were using Gila River water to irrigate crops.
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In modern times, water from the Colorado River Basin is critically important to
all seven Colorado River Basin States. Many programs have been established to
help manage the river system. As a result, the Colorado River is one of the most
physically developed and regulated rivers in the nation. Cities as far away as Tucson
and Los Angeles have linked their future to the Colorado River water supplies.

Early in the planning stages for a dam on the lower Gila River, public hearings
were held in Yuma, Arizona, on 11 February 1938, and in Phoenix, on 20 October
1938. These public hearings were held in connection with the two preliminary
examination reports on the Gila River and tributaries, dated 9 May 1938 and 10
January 1939, respectively. Local interests indicated at these meetings that they
wanted a flood control and water-conservation dam at the Sentinel damsite, and
channel improvements downstream from the damsite. At that time, studies indicated
that there was a lack of justification for water conservation in the reservoir behind the
dam.

5.3.2 Problem Identification

« Water Scarcity and Allocation in the Lower Colorado River Basin: In 1922,
the seven states of the Colorado River basin adopted a compact which allocated
water between the upper and a lower basin at Lees Ferry below Glen Canyon Dam.
In addition to the Compact, the so-called "law of the river", is further defined in part
by the Boulder Canyon Project Act of 1928 and the landmark 1963 Supreme Court
decision in Arizona v. California. Under this Compact, the upper basin states had to
deliver 75 million acre-feet to the lower states in each ten year period. It was
assumed (inaccurately) that the flow of the Colorado River at Lees Ferry consisted of
15 million acre feet each year. This resulted in the upper and lower basins with an
average annual entitlement of 7.5 million acre-feet each. Under the law of the river,
in the lower basin, the water is divided between the states of Arizona, California, and
Nevada. Included in this allocation is 905,000 acre-feet for the five tribes on the
mainstem of the lower Colorado River. In addition, the Republic of Mexico is entitled,
by treaty, to a fixed annual share of 1.5 million acre-feet of the water. The United
States appropriation of the lower Colorado River is presented in Table 2.

Most hydrologists now agree that the annual flow of the Colorado River at
Lees Ferry is closer to 14 million acre-feet per year. As a result there does not
appear to be enough average annual flow to meet all of the entitlements for Colorado
River water. This problem has not yet been fully realized since the upper basin
states and Arizona do not currently utilize their full entittements. This shortfall
problem will become increasingly worse in the future as water needs increase. It is
not clear where the water will come from in the future. The fastest growing areas of
demand are for metropolitan and industrial uses and for the recent assertion of Indian
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water rights. Colorado River water is the cheapest source of water for most
metropolitan areas in southern California and southern Nevada.

TABLE 2

Lower Colorado River Appropriation

State Quantity (Acre-Feet)
Arizona 2.8 Million
California 4.4 Million
Nevada 0.3 Million
Mexico 1.5 Million

The law of the Colorado establishes a seniority system which is important in
understanding water allocation and priorities, shortages, water transfers and
exchanges. Agricultural water users typically have more senior, longstanding water
rights than the more recent urban water demands. Under the current law, water
transfers of Colorado River water between states is not allowed even if both sides are
willing to make a deal.

Because demand for this scarce water resource will likely surpass available
supplies in the near future, the Department of Interior has recently proposed a
revised water policy for the lower Colorado River basin states. This proposed rule
would give the federal government an expanded role in defining the uses to which
Colorado River water can be put. The intent is to encourage efficient use and to
eliminate unauthorized uses. The Department of Interior’s proposed rule would have
two functions: (1) provide the United States the legal framework to enforce actions to
eliminate unauthorized uses; and (2) provide maximum flexibility to entitlement
holders for voluntary water transfers for the resolution of local water resource
problems and demands.

"+ Salinity: High concentrations of salt exist in the Colorado River. The
concentrations increase downstream. About half of the salinity is from natural
sources. The other half of the salinity is from development and use. In the lower
Colorado River Basin, high salinity causes millions of dollars in losses each year by
agriculture, industrial, and municipal water users. To help alleviate salinity, the
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Federal Water Pollution Control Act of 1972 set salinity limits for the lower stem of
the Colorado River at 1972 levels. In addition, the Colorado River Basin Salinity
Control Act of 1974 authorized control measures to enable the United States to
comply with international agreements with Mexico on Colorado River salinity levels.
These acts led to construction of the world’s largest membrane desalting plant near
Yuma, Arizona. This plant, along with agricultural improvements and salinity control
measures at the sources, was constructed with the intention to help assure that water
delivered to Mexico will meet specified salinity limits.

Over several decades, due to saline irrigation return flows and increased
upstream detention on the Colorado River, the salinity of water flowing into Mexico
increased from an annual average of about 800 parts per million (ppm) to nearly
1,500 ppm total dissolved solids (tds). Mexico filed a formal protest with the United
States which brought about a series of negotiations, agreements, and measures to
reduce the salinity of the Colorado river at the border. On 30 August 1973, the two
governments incorporated in Minute No. 242 a section entitled "Permanent and
Definitive Solution to the International Problem of the Salinity of the Colorado River".
This Minute included requirements that the water delivered to Mexico, upstream of
Morelos Dam, have an annual average salinity of no more than 115 ppm + 30 ppm
over the average salinity of the Colorado River waters which arrive at Imperial Dam
(about 850 ppm). Waters from the Gila River, released from Painted Rock Dam, that
reach the Colorado River impact the saline balance of the Colorado River at Morelos
Dam.

Public Law 92-320, the Colorado River Basin Salinity Control Act of 1974 was
passed by Congress which authorized construction, programs, control measures, and
further studies to reduce the salinity of water delivered to Mexico. This act also
recognized that flood releases from Painted Rock Dam may influence salinity control
measures downstream. In times of flooding there are usually wide downward
fluctuations in the salinity level of the Colorado River. In addition, flows from the Gila
River are usually lower in salinity than those from the Colorado River at the
confluence of the two rivers. Therefore, the Salinity Control Act also authorized the
acquisition of such lands or interest in lands in Painted Rock Dam reservoir as may
be necessary to operate the project to preclude adverse impacts on these measures
and to help meet the intent of Minute No. 242. The existing real estate interests at
Painted Rock Dam were acquired based on its operation as a single purpose
reservoir for flood control. Therefore, at the time Painted Rock Dam was constructed,
only flowage easements were acquired for a major portion of the private lands in the
reservoir. Section 101 (j) of Title | of the Salinity Control Act recognizes these
existing limitations and reads in part as follows:

"The Secretary is authorized to acquire through the Corps of Engineers fee title

to, or other necessary interests in, additional lands above the Painted Rock Dam in
Arizona that are required for the temporary storage capacity needed to permit
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operation of the dam and reservoir in times of serious flooding in accordance with the
obligation of the United States under Minute No. 242"

5.3.3 Without Project Condition Assumptions

The without project operation for water conservation is critical in determining
net water yields and associated benefits. Based on the downstream without project
conditions established for flood control, a baseline flood control operation has been
established for future operations of Painted Rock Dam which will continue to provide
for the minimization of downstream flood damages. Details of this without project
condition assumption are presented in Chapter 7 of this report and the Hydrology
Appendix.

5.4 Environmental Restoration

5.4.1 Historical Perspective

Prior to human intervention in the natural course of the Gila River from its
headwaters, the Gila was a continuous, perennial river. Upstream damming,
diversion and downstream flood control features radically modified the fish and
wildlife habitats that were historically present. The reach of the Gila below Painted
Rock was at one time composed of long, meandering, interconnected cienega like
segments that provided considerable habitat values to wildlife. The stream bed and
adjacent low flow areas were also periodically inundated with flood flows creating
ephemeral saturated conditions. Migratory waterfowl and a variety of other wildlife
utilized the availability of these areas.

The operation of the dam has altered and reduced previous habitat values due
to radical alteration of the downstream hydrology, silting behind the dam, deprivation
of needed sediment downstream, and periodic sustained inundation. Shifting the
habitat values along the lower Gila toward a more natural state would provide
tremendous environmental benefits.

As part of this reconnaissance study, an assessment of historical conditions
was performed. A descriptive evaluation of historical conditions is contained in
Appendix E, Geomorphology, and quantitative evaluation of modern historic
conditions is contained in Appendix G, Environmental Restoration. Quantitative
values for the modern historic conditions are displayed in Section 7.4.3 of this report.

Modern Historic Conditions for this reconnaissance study are defined as the

environmental conditions existing during an approximate ten year period immediately
prior to construction of the Corps Painted Rock Dam in 1959. The modern historic
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conditions establish a benchmark against which the impacts of Painted Rock dam can
then be assessed.

The modern historic conditions estimate that in the ten year period prior to
Painted Rock Dam Construction, there were approximately 72,000 acres of high
quality riparian habitat and approximately 4000 acres of low quality saltcedar. Since
construction of the dam in 1959, approximately 40,000 acres of riparian habitat have
converted and been overrun by non-native low quality saltcedar, a trend which will
continue unless actions and management strategies are adopted and pursued.

5.4.2 Without Project Condition Problem Identification

The primary problems causing the loss and degradation of riparian habitat
along the lower Gila River are all related to one overriding factor. This factor is the
radical alteration of the hydrologic regime by a series of dams which effectively serve
to deprive the river of the periodic floods and perennial low flows needed to sustain a
wide variety of riparian habitat. This alteration of the hydrologic regime results in
other associated problems. Flood control, provided by the Corp’s Painted Rock Dam,
has resulted in the increased clearing of areas of riparian habitat downstream for
conversion to agricultural uses and extended inundation of upstream areas.

From an ecological viewpoint, alteration of the hydrologic regime has resulted
in the proliferation of low habitat value exotic species, mainly saltcedar (Tamarisk
chinesis and Tamarix aphylla), at the expense of high habitat value native species
such as cottonwood trees (Populus fremontii), desert willow (Salix goodingii and Salix
exigua), mesquite trees (Prosopis glandulosa), paloverde trees (Cercidium floridum),
smoke tree (Dalea spinosa), and canyon ragweed (Ambrosia ambrosioides). This
conversion of high value habitat to low value habitat means that under existing
conditions, even small acreage increases of the now rare native riparian habitat are
significant and highly valuable.

All riparian areas in the Gila River basin are linked to the Corps Painted Rock
Dam because it is the only dam in the basin which currently provides a singular flood
control purpose. This complex legal interrelationship of multiple purposes and
federally financed projects has resulted in the degradation or total loss of riparian
habitats within the entire Gila basin ecosystem. This study focuses on those areas
downstream of Painted Rock Dam which are more directly linked to the Corps built
and operated project.

Painted Rock Dam receives flood flows from eight major upstream dams
located within the tributary area of the Gila River watershed. With a reservoir
capacity of 2,491,700 acre-feet, Painted Rock Dam provides flood protection for
extensive agricultural lands along the lower Gila River in Arizona, along the lower
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Colorado River in Arizona, California, and Mexico, and the Imperial Valley in
California. Flood protection is also provided for residential, commercial, and industrial
properties in the city of Yuma and the towns of Gadsden and Somerton, Arizona, and
for extensive federally financed irrigation and transportation facilities. Painted Rock
Dam operation is vital to the 1944 Water Treaty with Mexico.

Under existing conditions, the native riparian habitat along the lower Gila River
will continue to diminish and degrade and be overtaken by exotic saltcedar. Some
limited efforts by locals may result in isolated areas of riparian habitat. Without a
series of mature riparian areas along the river, exotic species such as salt cedar will
continue to outcompete the native riparian vegetation, and periodic floodflows will not
serve to reseed or provide germination for emergent riparian vegetation. A more
detailed description of this process is presented in Appendix G, Environmental
Restoration.

5.5 Water Quality
5.5.1 Without Project Problem Identification

The major water quality concerns in the study area are summarized in Table 3.
A discussion of the major problems is presented below.

» Saline Groundwater: The Bureau of Reclamation reports that soon after the
delivery of imported water to the WMIDD from the Colorado River in 1952, the saline
ground water table in the WMIDD began rising. Wells were installed by the Bureau
and the WMIDD to maintain groundwater levels below the root zone. A concrete-
lined channel was also constructed to convey this pumped saline water for disposal
into the Colorado River.

Gila River flood flows, released from Painted Rock Dam, have an impact on
the groundwater levels within the WMIDD. Historical groundwater impacts to the
WMIDD, resulting from Gila River flood events, have included increases in
percolation, waterlogging of land, build-up of salts on the surface, reduced crop
production, and additional pumping costs. This problem has also been identified
previously as a flooding related problem.

» Surface Water: Flood flows stored by Painted Rock Dam have historically
increased in salinity as a function of storage duration. Initially, the stored water
quality is relatively good compared to the Colorado River, but changes depending on
the length of detention into the summer months. This problem is due primarily to
evaporation. Upstream agricultural return flows can also contribute to the increased
salinity. After periods of extended reservoir storage, the last water released from
Painted Rock Dam is often of higher salinity than that of the Colorado River which
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poses a problem as it relates to meeting water quality requirements under Minute
242.

In addition to salinity, the water quality of Painted Rock Reservoir and the
downstream Borrow Pit Lake can be degraded by eutrophication (nutrient enrichment)
and toxic pollutants. Symptoms of the poor water quality in the lake include: fish and
other aquatic organisms contaminated with DDT, toxaphene, and mercury; fish Kkills;
algae blooms; and hydrogen sulfide odors.

The generation of hydrogen sulfide gas has been observed at the outlet works
and control room area at Painted Rock Dam during periods of reservoir storage. This
has caused damage to electronic equipment in the tower including electrical contacts
for the elevator.

» Pesticide and Heavy Metal Contamination: Flood flows through Painted
Rock Dam have deposited silt, sand and clay behind Painted Rock Dam and in the
Borrow Pit Lake downstream of the dam. This lake has had water depths decrease
from 30 feet to about 14 feet due to sedimentation. Sediment and fish tissue
sampling during the 1970s and 1980s indicated that organochlorine pesticides
(primarily DDT and its decay products) were present at elevated levels. A human
health risk assessment was completed by the Arizona Department of Health Services
for the Arizona Department of Environmental Quality in 1991. This study indicated
that there was a substantial increase in cancer risk in humans if fish and turtles from
the Middle Gila River were consumed on a regular basis.

A campground and park facility was operated by Arizona States Parks on the
shores of Painted Rock Borrow Pit Lake until 1990 when the state dropped its
management and returned it to the U.S. Army Corps of Engineers. A primary factor
in the closure of the park and access to the lake was concern about organochlorine
pesticide contamination in its sediments and fish.

Movement of this sediment, especially during floods, is a concern within the

study area. The failure of Gillespie Dam has increased the opportunity for
contaminated sediment to move downstream into the Painted Rock Dam area.
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TABLE 3

Potential Water Quality Concerns

Reach Surface Water Ground Water Comment
Sediment
Upstream Area TDS High Water Table
VOC'’s VOC'’s
Mercury, Boron
Sediment
TDS
1 Pesticides Fluorides
VOC'’s
Mercury,Boron
Sediment High Water Table Painted Rock
2 TDS TDS Borrow Pit
. VOC’s Lake Contamination
H,S
Sediment
3 TDS
VOC's
High Water Table | Saline Ground Water
4 Sediment TDS Impacts to
Agriculture.
High Water Table
5 Sediment TDS
Localized Sediment Movement
Downstream Area Sediment Nitrates into Colorado River
Pesticides

TDS (Total Dissolved Salts) - Non-organic chlorides (cause salinity problem)
VOC'’s (Volatile Organic Chemicals) - Solvents such as TCE, benzene, petroleum

products

H,S (Hydrogen Sulfide Gas).
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CHAPTER 6

PLANNING OPPORTUNITIES AND CONSTRAINTS

6. PLANNING OPPORTUNITIES AND CONSTRAINTS
6.1 Flood Control Opportunities and Constraints

Planning opportunities that were identified for flood control include the
following:

* Reduce flood inundation damages in the study area, above the level to be
provided in the without project condition. The primary damage reduction
opportunities would be to agriculture and to agriculture supporting
infrastructure in the Wellton-Mohawk Irrigation and Drainage District.

* Reduce sedimentation problems downstream of the study area in the lower
Colorado River.

* Reduce the flooding induced impacts of high groundwater on agricultural
lands.

Planning constraints that were identified for flood control include the following:

» Status of Federal Emergency Disaster relief assistance to downstream
areas.

* Land ownership and use.

* Downstream areas in which the Bureau of Reclamation maintains primary
flood control authority.

« Environmental impacts could be a significant consideration in participating in
any large scale structural flood control solution.

6.2 Water Conservation Opportunities and Constraints

The identified planning opportunities for water conservation at Painted Rock

Dam include the following:

* Increase Water for the lower Colorado River Basin System: Gila River water
released from Painted Rock Dam could be used to more efficiently satisfy
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treaty requirements for water deliveries to Mexico. Colorado River could then
be saved in upstream reservoirs to provided excess water to the Lower
Colorado River system.

* Increase Gila River Surface Water: Capturing flood waters and releasing
them from Painted Rock Dam at a rate that could be utilized more efficiently by
downstream water users would increase the interest in developing this
intermittent Gila River surface water in Arizona, and thus its value.

« Salinity Control: Water in the lower Gila River at the confluence with the
Colorado River is generally of lower salinity than that of the Colorado River.
Water released from Painted Rock Dam could create an opportunity for Gila
River water to be included in developing comprehensive salinity level controls
on the Colorado River.

» Hydropower: Excess water in the Colorado System could provide for
additional hydropower generation.

The identified planning constraints, relative to water conservation at Painted
Rock Dam, include the following:

* Non-Federal Sponsor: The state of Arizona reserves tributary water rights,
such as the Gila River, to be adjudicated by the state. As such, it is subject to
the Arizona surface water rights rules of prior appropriation. The law of the
river considers tributary flow that reaches the Colorado River to become lower
Colorado River water which can then be distributed under the existing
appropriations and entitlements of the three lower states under the law of the
river. This complexity makes it difficult to determine a potential non-Federal
sponsor or whether a single non-Federal sponsor is even appropriate.

» Real Estate Costs: Existing flowage easements upstream of Painted Rock
Dam are based on temporary inundation for the single purpose of flood control.
Flowage easements can be affected by increases in frequency or duration of
the inundation.

* Flood Control Impact: The addition of a water conservation purpose at
Painted Rock Dam could potentially reduce downstream flood control
protection currently provided by the dam and its associated operation. These
impacts could include the downstream Gila and Colorado Rivers.

« Salinity/Water Quality: Due to the extended time of impoundment, the last
water released from storage at Painted Rock Dam after the 1993 event was of
poorer quality and higher salinity than the Colorado River at the confluence
with the Gila.
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* Water Losses: High evaporation rates during summer months and
downstream transmission losses are a problem.

» Service Area: The "law of the river" makes it difficult to identify the service
area or final use of additional water in the Lower Colorado System. The use
could range from irrigation to municipal and industrial water. The water could
potentially be transferred to any one of the three lower Colorado River states.
This directly affects the economic analysis.

» Painted Rock Dam Design: Painted Rock Dam was not designed or
constructed for permanent or long-term storage.

* Authority: The Corps would likely need new Congressional authority to add
a water conservation purpose while continuing to operate Painted Rock Dam
for its currently authorized purpose of flood control.

* Groundwater: Long-term releases of flood waters from Painted Rock Dam
for water conservation purposes could raise groundwater levels and adversely
impact downstream agriculture.

* Maintenance: Revised dam operation to include a water conservation
purpose could result in minor increases in operation and maintenance costs to
the dam and appurtenances.

6.3 Environmental Restoration Opportunities and Constraints

The entire study reach from Gillespie Dam to Yuma has high potential for

environmental restoration activities (Figures 11 and 12). The U.S. Fish and Wildlife
Service, U.S. Bureau of Land Management, and Arizona Department of Game and
Fish have all expressed interest in such activities. Numerous opportunities exist for
environmental restoration consistent with current Corps of Engineers policy and
guidance.

Environmental restoration opportunities, to increase environmental outputs in

the study area, include the following:

» Opportunity for restoration of a variety of native habitat types
« Augmentation of existing habitat

* Creation of additional riparian areas
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* Preservation and maintenance of immature emergent existing habitat which
was created by the floods of 1993, but which is projected to sustain an
approximately 70% die-off rate if no measures are taken

* A ecosystems approach, in which the combined outputs from a corridor of
individual/isolated areas would exceed the outputs of the "stand alone"
individual areas

» Use of Painted Rock Dam releases as a potential in-stream water supply
source for any restoration alternative.

Identified planning constraints relative to environmental restoration include the
following:

» Water source availability at certain sites

» Painted Rock Dam operation and releases
* Land ownership

» Soil suitability for desired vegetation types

» Limitations of non-federal funds for cost sharing purposes that restrict the
size of the potential restoration project.

6.4 Water Quality Opportunities and Constraints

The U.S. Army Corps of Engineers regulations (ER 1105-2-100) state that
costs for water quality enhancement must be assigned to the appropriate project
purposes and shared in the same percentages as the purposes to which the costs
are assigned. This limits the opportunities for the Corps to participate in water quality
improvement projects. For this reason, water quality opportunities for this study are
limited to which are directly linked to existing Corps projects or that relate to other
appropriate authorities for which alternatives have been considered under this study.
Therefore, water quality opportunities appear to be limited to those problems caused
by the detention of flood water behind Painted Rock Dam, and the potential impacts
of those identified water quality problems on the other alternatives considered in this
report including water conservation and environmental restoration.
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date).

Figure 12. Endangered Yuma Clapper Rail. Photo taken in Lower Gila River
area. (No date).



CHAPTER 7

ALTERNATIVE PLANS

7. PLAN FORMULATION AND EVALUATION
7.1 Introduction

This chapter summarizes the plan formulation rationale used during the
reconnaissance study to develop, evaluate, compare and select recommended
alternative(s) from the array of alternatives identified.

The primary objective of Federal water and related land resource project
planning is to contribute to National Economic Development in a manner consistent
with protection of the Nation’s environment, pursuant to national environmental
statutes, applicable Executive Orders, and other Federal planning requirements.

Site visits and meetings with Federal, state, local and private agencies and
groups provided key input to issues, concerns and opportunities that existed in the
study area. Three public meetings were held subsequent to this visit, and additional
analysis provided information for the plan formulation process.

In addition to flood control solutions, it became clear that opportunities existed
for water conservation and environmental restoration. Water quality concerns also
were sufficient to be included in the formulation process. The planning objectives
stated in this chapter are for the relevant identified problems and opportunities. The
objectives have been expressed in terms of alleviating the problems and realizing the
opportunities.

Key criteria was to develop alternatives that were:
+ Complete

» Effective

Efficient

Acceptable
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7.2 Flood Control
7.2.1 Flood Control Planning Objectives

The specific planning objectives stated herein are intended for direct use in the
plan formulation of alternatives considered for solutions to the identified problems.
The planning objective(s) specified for flood control are as follows:

* To reduce flood related damages, in an economically justified solution, within
the study area. The primary damage reduction objective would be to
agriculture and to agriculture supporting infrastructure in the Wellton-Mohawk
Irrigation and Drainage District.

7.2.2 Alternatives

The alternative plans considered have been formulated with respect to criteria
such as hydrology, hydraulics, design considerations, economics, cost and
implementation criteria. Alternative plans considered have been formulated with the
intent of meeting the planning objectives while considering the identified opportunities
and constraints. The potential for flood control has been considered by study reach
as described in Chapter Five of this report.

Reach 1 - Gillespie Dam to Painted Rock Reservoir

No structural alternatives were formulated or analyzed for this reach of the
study area. Economic analysis indicated that without project expected annual
damages total only $30,600 for this reach. This amount is insufficient for
economically justifying a structural solution of the size and scale anticipated to
significantly reduce damages.

Reach 2 - Painted Rock Dam and Reservoir

The floods of 1993 caused some inundation damages in the reservoir area.
This event was extremely rare with a maximum reservoir water surface elevation six
feet over the spillway crest. The Corps has acquired real estate flowage easements
up to the spillway crest elevation of 661 feet. There does not appear to be any
structural solution that could be economically justified to solve the reservoir
inundation problems within flowage easement lands.

Reach 3 - Painted Rock Dam to Texas Hill

This reach suffered minimal damages during the 1993 flood and a structural
solution does not appear economically feasible. Maintenance repairs have been
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made to the Painted Rock Dam spillway to ensure its integrity in the event the
emergency spillway is ever needed to be utilized in the future.

Reach 4 - Texas Hill to Dome

This reach includes the Wellton-Mohawk Irrigation and Drainage District
(WMIDD). Without project expected annual damages are $869,750. This assumes
the 10,000 cfs channel capacity, through the WMIDD, will be restored and in place as
part of the without project condition. This without project condition is in the process
of being implemented through FEMA provisions. A typical channel cross section of
this without project condition through this reach is shown in Figure 13. Additional
details are presented in Appendix B. The local project would include 1) channel
clearing a 300-foot wide area, 2) construction of seven foot high earthen levees with
rip rap armoring at critical areas, 3) approximately 20 grade control structures within
the channel, and 4) an operation and maintenance program. This without project
condition will effectively eliminate all damages from floods up to the 10,000 cfs design
capacity of the channel/levee system. Therefore, alternatives were formulated to
determine if higher levels of protection could be economically justified.

The alternatives consist of providing improvements to the restored 10,000 cfs
channel/levee system in order to increase the level of protection. The alternative
considered increasing the level of protection to the levee/channel system in order to
pass discharges of 20,000 cfs. An increase in the levee/channel system capacity to
30,000 cfs was also considered. The improvement was developed for a 56.2 mile
reach of the river between Avenue 11E and Avenue 57E. Details of the design
analysis are presented in Appendix B.

Reach 5 - Dome to Yuma

Without project expected annual damages total only $8,770. This amount is
not sufficient to economically justify a structural solution over such a large area. In
addition, the without project condition assumes the Bureau of Reclamation will be
constructing channel/levee improvements along the north side of the Gila River,
between the U.S. 95 Bridge and the confluence with the Colorado River.

7.2.3 Alternative Evaluation

As discussed in Section 7.2.2, Reach 4 was the only location in the study area
in which a flood control alternative was formulated. Results of analysis are presented
below.

\
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Reach 4 - Increase Channel/Levee Capacity

The alternative consisted of increasing the level of protection for the
levee/channel system from 10,000 cfs to 20,000 cfs. The alternative has an
estimated first cost of $34,374,500. The average annual cost is $2,750,000. The
average annual expected damages through this entire reach are estimated at
$869,540. If it is assumed that the benefits from the alternative eliminates all
damages through this reach, the benefit to cost ratio is determined to be as follows:

Alternative Total Cost........... $34,374,500
Alternative Annual Cost.......... $ 2,750,000
Alternative Annual Benefits......$ 869,540
Benefit-to-Cost Ratio............ 0.32
Based on the results of this alternative, the 30,000 cfs channel improvement
alternative also did not appear to have sufficient damages to support the costs of
such an improvement. The Economic Appendix (Appendix F) provides a summary of

the flood damage categories.

No Action Plan

The no action plan is identical to the without project condition. The
channel/levee system through the WMIDD will be restored to a 10,000 cfs capacity
under FEMA provisions. Timely implementation of this project is critical to the
operation/release schedule of Painted Rock Dam. Until this project is constructed,
the non-damaging discharge will be limited to approximately 3,000 cfs. With this
project in place, the non-damaging discharge is 10,000 cfs. This larger downstream
capacity, will provide significantly greater protection for downstream areas and allows
the Corps greater opportunity to carry out its mandated flood control mission in the
operation of Painted Rock Dam.

Non-structural measures may include floodproofing of structures, relocation of
equipment, structures, or people out of the floodplain, localized flood warning
implementation, and proper implementation of floodplain regulations. No federal
interest in any non-structural measures was identified during this reconnaissance
study, however, a separate Corps study, the Arizona Flood Control Study, evaluated
flood warning in the study area (See Section 2.1 of this report). The
recommendations from that study are pending certification.
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7.3 Water Conservation
7.3.1 Water Conservation Planning Objectives

The water conservation objective in this study effort is to add a water supply
purpose to Painted Rock Dam. The intent of this objective would be to increase the
beneficial use of releases from Painted Rock Dam, for water supply purposes
downstream, including the Colorado River system, while continuing to operate the
dam for its currently authorized purpose of flood control.

7.3.2 Alternatives

Two water conservation alternatives at Painted Rock Dam have been
considered as part of this reconnaissance study. Due to the identified planning
constraints associated with identifying a specific service area and non-Federal
sponsor, the alternatives have been formulated with the intent of providing additional
water for the lower Colorado River system. The additional water could be allocated
under the rules of the existing legal framework that exists for the lower Colorado
River system.

The formulated alternatives involve adding a seasonal water conservation
storage with outflow to downstream users along the Gila River or to the Colorado
River. The intent of the seasonal water supply pool is to retain floodwater after the
threat of flooding has diminished. For this report, the analysis assumes that seasonal
joint use (water conservation and flood control) begins on March 1st and extends
through November of each year. The remainder of the year is the historical flood
season in which operation for the single purpose of flood control is given priority. No
seasonal water is assumed to be carried over in the reservoir to the next flood
season, therefore, the reservoir is assumed to be nearly empty on December 1st of
every year. More specific details are presented in the Hydrology Appendix (Appendix
A).

The alternatives are intended to represent two extremely different, but
reasonable scenarios in considering the possibility of utilizing Painted Rock Dam as
an integral element of a water supply system. The analyses results in the
determination of how much surplus water remains in the reservoir, that could
potentially be utilized downstream, after the flood season has passed each year.

This surplus or excess water is then assumed to be delivered downstream, during the
non-flood season, to more efficiently satisfy downstream water demands. In either
alternative, the excess water is assumed to supply or replace water needs that are
currently being supplied by Colorado River water.
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The quantity of excess water made available by seasonal storage, beyond the
incidental yield resulting from flood control releases, is defined in this study as "water
yield". Therefore, it is critical to this analysis that a baseline flood control release
operation be definitized. The baseline flood control operation is the assumed
operation of Painted Rock Dam, for its authorized single purpose of flood control, with
downstream channel improvements in place which provide a minimum channel
capacity of 10,000 cfs. The assumed baseline flood control (without project
condition) for the water conservation analysis is presented in Table 4. The base
conditions presented in Table 4 is representative of Painted Rock Dam with the
established without project conditions, and considered to provide the most flood
protection for downstream interests. This release schedule is generally reflective of
the 1993 flood operation of Painted Rock Dam and consists of a staged increase in
reservoir releases to a non-damaging discharge. This was used as the baseline
condition for computation of water yield, specifically in determining incidental yield
realized by this baseline condition.

The average annual yield is the average yield for each alternative calculated
over the period of simulation divided by the number of years in that period (35 years).
The water yielded, by the Painted Rock Dam water conservation alternatives, is
assumed to result in additional water that could be stored in facilities on the
mainstem lower Colorado River. These facilities such as Imperial Dam and Parker
Dam, would allow the additional yielded water to replace Colorado River water,
increase storage, and be used at a later time. In addition, the lower Colorado River
diversion projects, could provide for a wider distribution of water users and uses that
could benefit from any additional water to the system. The major water projects on
the lower Colorado River are shown in Figure 14.

Alternative 1 - Seasonal Storage

This alternative was formulated with the intent of providing a constant release
of 500 cfs from Painted Rock Dam for downstream use, during the non-flood season.
This water might be diverted from the Gila River by Arizona water users such as the
WMIDD, or possibly delivered to Mexico, in partial satisfaction of Minute No. 242,
while not adversely impacting groundwater problems through the WMIDD. This
alternative provides 371,000 acre-feet of seasonal water conservation storage, up to
elevation 598 feet, starting on March 1st. This space could then be utilized for water
conservation storage or releases during the non-flood season, when waters are
available. Yields for this alternative have been determined based on historical runoff
and storage data over the 35 year period of record since the dam was completed.
Based on the simulation of the without project operation, there would have been
significant water behind Painted Rock Dam, on March 1st or afterwards, seven times
over this 35 year period. The seasonal water control plan for this alternative is
presented in Table 5. Under this alternative, the average annual yield is 27,500 acre-
feet.
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TABLE 4
Painted Rock Dam
Baseline Condition for Flood Control Operation

Elevation (Ft NGVD) W/O Project Discharge (cfs) Comment
530 0 Invert Elevation
532 0 Gates Open 0.5 ft.
550 0 Top of Debris Pool
550.1 2,500 Begin Flood Pool
591 2,500 End Step 1 Release
591.1 5,000 Begin Step 2
603 5,000 End Step 2 Release
603.1 10,000 Begin Step 3
661 10,000 Spillway Crest
664.4 10,000 All Gates Closed
666 20,000 Spillway Flow Only
667.6 30,000 Spillway Flow Only
676 108,000 Spillway Flow Only
690 298,000 Spillway Flow Only
705 564,000 Top of Dam

Alternative 2 - Seasonal Matching

This alternative is based on releases from Painted Rock Dam intended to
match the historical average monthly deliveries of water to Mexico after March 1st.
This alternative provides 1,265,000 acre-feet of allocated storage space for water
conservation up to elevation 634 ft in Painted Rock Dam starting on March 1st.
Water would be released to more efficiently match Mexico’s delivery schedule, when
flood waters are available to do so. The release rate has been established to vary
between 1,115 and 2,872 cfs, during the non-flood season, as required to match
Mexico’s historical monthly demand schedule. The seasonal water control plan for
this alternative is presented in Table 5. Under this alternative, the average annual
yield is 47,900 acre-feet.
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7.3.3 Alternative Evaluation

Water Conservation Assumptions and Results:

* Results are based upon the additional yielded water being incorporated with
Colorado River system water.

* There is no evidence that in the more than 100-year record of the Gila River
basin that flood control will be compromised by a seasonal water supply
operation as assumed in either of these two alternatives. Based upon the
historical record, implementation of the alternative does not appear to increase
the frequency or duration of damaging releases from Painted Rock Dam.

+ Gila River water is generally of higher quality and less salinity than Colorado
River water. An exception to this is the last water released from Painted Rock
Dam after large flood storage. As a result, it has been assumed that the last
30,000 acre-feet of water in Painted Rock Dam is not useable due to historic
observations of poor quality in this range. This amount is not included in the
yield calculations.

» Water losses have been included in the analysis for evaporation from the
reservoir area only. Downstream channel losses have not been included in
this analysis. Additional losses could be accounted for by modifying the
seasonal rule curve to permit additional seasonal storage as required to realize
the demand, including losses, whenever sufficient water is available to do so.

Water Conservation Alternative Costs:

Each alternative has an estimated annual cost of $24,500 for operation and
maintenance. This cost is based on two components. The first component is
additional labor costs which have been estimated in administration and operating
Painted Rock Dam for water conservation for each event in which significant water is
available. The second cost component consists of maintenance costs to the dam
itself. A summary of these estimated annual costs is presented in Table 6.

Quantifiable first costs include the real estate acquisition costs to purchase
lands in the seasonal storage pool for each of the alternatives that is not currently in
fee title by the government. The seasonal storage alternative (Elevation 598 feet) has
total estimated identifiable real estate acquisition cost of $1,860,000, or on an annual
basis, $144,200. Including operation and maintenance, the total annual cost for the
seasonal storage alternative is $168,700. The seasonal matching alternative
(Elevation 634 feet) has total estimated identifiable real estate acquisition costs of
$5,600,000, or $434,200 annually. Including operation and maintenance costs, the
total annual costs for the seasonal matching alternative is $458,700. Adequate
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AN EN S N G N SR o NS R S N m G Bn S S EE Em
TABLE 5 Monthly Seasonal Water Control Plan for Painted Rock Dam Water Supply Alternatives

MONTH RULE CURVE DEVELOPMENT
SEASONAL STORAGE SEASONAL MATCHING
Demand = 500 ft¥/s Demand = NIB
EVAPORATION ) ] - i
inches Starting Elevation Demand Starting Elevation Demand
Storage ac-ft ft, N\GVD ft’/s Storage ac-ft ft NGVD ft/s
—
JANUARY 2.1 3515 550.0 0 3515 550.0 0
FEBRUARY 3.09 3515 550.0 0 3515 550.0 0
MARCH 4.96 371,000 598.3 500 1,265,000 633.5 2666
APRIL 7.42 334,000 596.1 500 1,082,000 628.0 2872
MAY 10.05 300,000 593.5 ~ 500 899,000 622.0 1592
JUNE 12.26 255,000 590.5 500 778,000 617.5 2343
JULY 11.52 213,000 587.2 500 614,000 610.8 2508
AUGUST 10.53 170,000 583.6 500 441,000 602.3 2470
SEPTEMBER 8.53 131,000 579.6 500 276,000 592.2 1574
OCTOBER 5.66 95,000 575.4 500 174,000 584.2 1115
NOVEMBER 3.23 61,000 570.3 500 101,000 576.3 1163
DECEMBER 2.04 30,000 563.0 500 31,000 563.3 500
Notes:
1) Evaporation represents net evaporation, i.e. evaporation minus precipitation; source:LAD Reservoir Regulation Section
2) Storage of 3515 ac-ft (elevation=550) is buffer pool
3) Elevations are rounded to nearest tenth of a foot
4) Seepage unaccounted for
5) Channel losses=0
6) Whenever seasonal storage allocations/elevations described by this rule curve are exceeded, the regulation plan reverts to the flood
control release schedule presented in table 8 as the without project water control plan.
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capability has been assumed to be available in existing distribution systems along the
Colorado River. These would include systems such as the Colorado River Aqueduct, All
American Canal, and the Central Arizona Project canal.

Benefits:

Benefits have been estimated to be the value of the additional yielded water. This
assumes that water released from Painted Rock Dam on the Gila River is directly
interchangeable with Colorado River water for the same uses. Based on historical
occurrences to date, the expected return interval for water conservation is seven times in 34
years (a 20.5% chance event per year). The value of the yielded water is assumed to
range from $50 per acre-foot for irrigation water to $200 per acre-foot for municipal and
industrial water. The costs are assumed to include any pumping and transportation costs,
and infrastructure required. The M&l rate is based on the typical surplus water rate for the
Metropolitan Water District (MWD), and represents the resource cost of the water to MWD’s
service area including power purchased from the Bureau of Reclamation. A specific
identification of water use was not performed during this reconnaissance study. Therefore,
benefit calculations assume a mid-range value of irrigation and municipal/industrial water
provided. The resulting value of the water used in this analysis is $125 per acre foot. The
net benefits and the benefit-to-cost ratios for the two alternatives are presented below.

Alternative 1 - Seasonal Storage

Benefit-to-Cost Ratio 20.4 to 1
Net Benefits $3,268,800

Alternative 2 - Seasonal Matching

Benefit-to-Cost Ratio 13.1to 1
Net Benefits $5,528,800

Additional details of the economic analysis for water conservation are presented in
the Economic Appendix (Appendix F).

No Action Plan:

Under the no action plan, this valuable water resource would not be formally
developed. The Corp’s single purpose flood control operation of Painted Rock Dam
would not take advantage of the opportunity to provide this additional water supply to
benefit the nation and the region. It is anticipated that reasonable future demands
will be placed upon the Corp’s to operate Painted Rock Dam to help solve the
identified water supply and salinity problems. The current Painted Rock Dam
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authority will inhibit the Corp’s ability to comply with these requests unless a new
authority is obtained which will add water conservation to the existing flood control
authority. This will allow the Corps to operate the dam in a more efficient
multipurpose manner.

TABLE 6

Estimated Costs for Water Supply Alternatives

With Project Operations & Maintenance: The costs presented have been estimated to
be separable from flood control O&M costs and applicable for water conservation only.
The costs shown below are for each occurrence. The occurrence interval is assumed to
be seven out of 34 years. Costs are estimated at 1994 values.

Water Conservation Operation Labor Costs

Reservoir Regulation Manhours Cost Total
Supervisory & Admin. 80 Hrs $80/Hr $ 6,400
Technical & Field Personnel 300 Hrs $50/Hr $15,000

Operations
Supervisory & Admin. 40 Hrs $80/Hr $ 3,200
Technical & Field 320 Hrs $40/Hr $12,800

Water Conservation Maintenance Costs

Dam Costs (Benching, Stone,Gate/Outlet) 1 Job L/S $25,000
D/S Channel Maintenance 1 Job L/S $25,000
TOTAL WATER CONSERVATION O&M COSTS PER OCCURRENCE $87,400
ANNUAL WATER CONSERVATION O&M COST $24,500

Real Estate Costs

Seasonal Storage Real Estate Acquisition Cost $1,860,000

Seasonal Storage Real Estate Annual Cost $ 144,200

Seasonal Matching Real Estate Acquisition Cost $5,600,000

Seasonal Matching Real Estate Annual Cost $ 434,200
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7.4 Environmental Restoration
7.4.1 Environmental Planning Objectives

The general objective of environmental restoration in the study area is to
restore the habitat and its environmental functions and values along the lower Gila

River between Painted Rock Dam and the Colorado River towards a more natural
state. Specific objectives are as follows:

Preserve and maintain new riparian habitat which was created by the 1993
flood events,

Restore riparian habitat in appropriate areas, and

Provide a corridor of riparian habitat along the lower Gila River from Painted
Rock Dam to Yuma, Arizona.

Riparian habitat along the lower Gila River is defined as consisting primarily of
three vegetative community types: Cottonwood-Willow, Leguminous short trees

(Mesquite), and Wetland-marsh. Alternatives are formulated to include an
appropriate mix of vegetative types dependent upon the area under consideration.

7.4.2 Alternatives

Alternative Development Criteria

With respect to the identified opportunities and constraints, the alternatives
were considered with respect to the following:

* Require minimal development of new sources of water

» Be compatible with existing soil conditions

» Be compatible with existing land ownership and uses

* Be relatively low cost to implement and relatively simple to maintain,

» Be sustainable over the long term, either through natural processes or
through maintenance,

 Provide environmental outputs closer to modern historic conditions.
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Alternatives Considered

Several approaches to restoration alternatives were considered and screened
according to the criteria in Section 7.4.2.1 above. A brief description of these
alternatives follows.

Corridor Approach: This alternative consists of a distributed restoration
approach, wherein numerous areas downstream of Painted Rock Dam were
evaluated for mixed habitat creation, augmentation which would lead to additional
habitat growth, and connection with one another by the ability of wildlife to move
between these areas. A distributed site location corridor approach increases the
combined outputs such that higher efficiency and greater benefits could be achieved.
The corridor consists of the entire reach of the Gila River below Painted Rock Dam.

Stand Alone Areas: Another alternative consisted of evaluating areas for
separate stand alone projects, potentially under the Section 1135 small projects
authority.

Upstream of Painted Rock Dam: The area upstream of Painted Rock was
considered for environmental restoration in two distinct areas. The first area
considered was from Gillespie Dam to the upstream end of the Painted Rock Dam
reservoir. The reservoir area itself was also considered for environmental restoration
potential.

Alter Painted Rock Dam Operation: This alternative was strictly composed of
altering the operations of Painted Rock Dam to be more compatible with native
vegetation needs and a return to a more natural hydrologic condition downstream of
the dam.

Off Stream Storage: Another alternative was offstream storage potential at
Agua Caliente. The alternative calls for the creation of offstream diversion and
storage basins which would recharge the aquifer to enhance survivability of the
existing vegetation, including the relic mesquite stands.

No Action: A No Action alternative is discussed below.

Alternative Screening

Corridor Approach: With the distributed restoration approach, environmental
outputs from all of the components, if implemented, would be enhanced through
multiplier, synergistic type of effects. This alternative best met the overall criteria and
planning objectives. This alternative additionally addresses restoration more from an
ecosystem and watershed perspective, consistent with emerging Corps policy. For
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these reasons, this alternative was selected for further evaluation and analysis under
this reconnaissance study. Details and evaluation of this alternative are presented in
Section 7.4.2.4 and 7.4.3 of the report.

Stand Alone Areas: Numerous opportunities exist, however, the result would
be piecemeal solutions to an overall river ecosystem problem. Increases in the
environmental outputs are greater with a broad based ecosystem approach,
additionally, it is expected that there will always be a potential for isolated projects in
numerous areas along the lower Gila. Pursuit of multiple, separate stand alone
alternatives would not be as efficient or effective as the broad based approach.

Upstream of Painted Rock Dam: Riparian habitat already exists in much of
this upstream area from Gillespie Dam to the Painted Rock reservoir area. The
opportunity for restoration is less in this area than that in the more damaged areas
downstream from Painted Rock Dam. The increase in environmental outputs relative
to the cost was qualitatively judged less than could be developed downstream of the
dam. Although the potential for future study should not be dismissed, restoration in
this area was not evaluated any further in order to focus on more serious problem
areas downstream of Painted Rock Dam.

In addition, the Corps has previously pursued environmental restoration within
the reservoir inundation pool. Alternatives in this area would have high operation and
maintenance (groundwater pumping) costs to provide a needed source of outside
water. Since the alternative criteria calls for minimal development of outside water
sources, and it is anticipated that a significant outside source of water would again
need to be developed for this area, no reservoir alternatives were carried forward for
this reconnaissance study.

Alter Painted Rock Dam Operation: The authorized purpose of Painted Rock
Dam for flood control constrains any significant changes in the operation and release
schedule. Therefore, this alternative was not carried forward for further analysis. In
addition, it was determined that minor operational changes alone might not ensure
development and survivability of habitat below the dam. Efforts to replace or create
habitat would still be required. Releases from Painted Rock Dam may provide a
complementary, but not a sole, source of water for other downstream alternatives.

Off Stream Storage: This alternative was formulated to enhance the
environmental quality and wildlife habitat of the Agua Caliente area. The alternative
allows recharge of the groundwater, upstream of the Agua Caliente crossing. This
alternative will create riparian, wetlands, and open water habitat. Flood flows will be
directed to extend into the riparian areas. This alternative was eventually
incorporated as a component of the corridor approach.
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No Action Alternative: The No Action alternative would result in an
approximately 70% die-off rate of the emergent habitat created by the 1993 floods,
and would result in the continued degradation of habitat along the lower Gila River
(Also see Section 5.4.2, Without Project Problem Identification). Additionally, no
action precludes the opportunities associated with restorative measures that could be
taken in other areas. The floods of 1993 have created a unique opportunity for
riparian habitat restoration along the lower Gila River. Considering the high value of
rare riparian habitat in Southwestern Arizona, the No Action alternative was not
considered further in this reconnaissance study.

Selected Alternative

One purpose of reconnaissance level investigations is to determine if at least
one alternative warrants the federal interest. The corridor restoration approach
alternative meets this criteria.

The corridor alternative would restore habitat in key component areas existing
along a corridor downstream of Painted Rock Dam. A water source for the riparian
habitat is provided by the existing groundwater table in selected areas, and
development of a minimal water source in other areas. Existing wells and periodic
floodflows can be utilized to augment the water availability. The restored areas would
provide key components of migratory habitat, including open water and emergent
riparian vegetation. The areas would be used as a resting site and wintering habitat
for migratory waterfowl including ducks and geese, and as habitat for wildlife and
listed and proposed threatened & endangered species (Figure 15).

The corridor restoration alternative consists of several key components. Each
component is a part of an overall corridor approach wherein the combined
environmental outputs exceed the environmental outputs of the individual
components.

Within each component area, appropriate restoration strategies were selected
to provide long term increases in environmental values based upon the experience
and professional judgement of members of the technical team. Restoration strategies
are discussed in detail in Appendix G, Environmental Restoration, and are briefly
described below for the corridor component areas.

Dendora Valley Component
The Dendora Valley is located downstream from Painted Rock Dam (Figure
16), and contains critical habitat for the Federally listed threatened and endangered

Yuma Clapper Rail. The restoration plan would include land acquisition, potentially at
no cost through letters of agreement with other agencies in regard to land owned by
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those agencies. Restoration strategies developed for the Dendora Valley are as
follows:

(1) Preservation of Existing Native Riparian Vegetation: The area currently
contains approximately 240 acres of mesquite habitat, considered a critical
component of riparian ecosystems. The long term trend is for the mesquite
communities to eventually be overtaken by exotic salt cedar. Without project
conditions estimate a projected decrease of 20% of this habitat. An additional 85
acres of 1993 flood created wetland-marsh habitat is also at long term risk, with a
projected die-off rate of 70%.

(2) Revegetation with Native Riparian Species: The area directly downstream
of Painted Rock Dam in the Dendora Valley and Agua Caliente areas, historically
supported about 1300 acres of cottonwood-willow, and 5700 acres of mesquite.
Based upon the presence of Painted Rock Dam and other factors, it is estimated that
in addition to the existing habitat described above, an additional 50 acres of
sustainable cottonwood-willow, an additional 500 acres of mesquite, and an additional
200 acres of marsh-willow habitat could be restored through the combination of
measures proposed.

(3) Removal of Saltcedar: Approximately 750 acres of initial and then periodic
saltcedar removal would be needed to allow the natural growth and maturing of native
riparian communities to a point that they could outcompete the saltcedar over the
long term.

(4) Alteration of Channel Form: Consists of deepening of side swales to create
an incoming channel and construction of temporary off channel berms to back water
up to create marsh/wetland conditions when water is present. Earthwork would be
located and performed to minimize destructive effects of future floods while
maximizing the potential for water to reach vegetative communities.

(5) Creation of Open Water Sites through Excavation: In conjunction with
altering the channel form, some areas would be excavated further to create areas of
shallow (<1 ft.) open water. This strategy would be dependent upon an available,
albeit minimal, source of water.

(6) Allow the River to Seek its own Path: This strategy recognizes the dynamic
nature of the river system and is incorporated into the above measures to enhance
the potential for long term survivability by allowing a more natural hydrologic and
geomorphologic state to prevail over the long term.

(7) Alteration of Painted Rock Dam Releases: The Dendora Valley area is
directly downstream of Painted Rock Dam. Large releases during late March to early
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April could coincide with seed dissemination of native riparian species, allowing seeds
from the restoration projects to be spread downstream to other areas.

Agua Caliente Offstream Storage Component

The Agua Caliente offstream storage/recharge alternative was incorporated as
a key component connected area into the corridor approach (Figure 17).

The area around Agua Caliente has historically been an area of native
vegetation with areas of agriculture occurring adjacent to the north-south
transportation routes. The prime areas of agriculture have been at the Agua Caliente
crossing where extensive citrus orchards had been cultivated on the bluffs
overlooking the Gila River. The irrigation practices that were employed for these
orchards (now diminished) caused a rising in the groundwater table, which allowed
extensive areas of riparian habitat, including mesquite bosque, to grow and survive
the otherwise adverse impacts that upstream dams have had in changing the
hydrologic regime of the river. The alternative calls for the creation of offstream
storage basins which would recharge the aquifer to enhance the existing vegetation,
including the relic mesquite stands, and potentially enable the local farmers to draw
water from shallower depths than currently available. The restoration strategies
developed for the Agua Caliente area are as follows:

(1) Preservation of Existing Native Riparian Vegetation: The Agua Caliente
area currently contains approximately 930 acres of mesquite habitat, 190 acres of
cottonwood-willow, and 158 acres of marsh-wetland. The long term trend is for the
continued degradation of these habitats and conversion of many areas to saltcedar.
Measures to allow this existing native riparian vegetation to survive is considered a
critical aspect of any restoration project in the area.

(2) Revegetation with Native Riparian Species: The area directly downstream
of Painted Rock Dam in the Dendora Valley and Agua Caliente areas, historically
supported about 1300 acres of cottonwood-willow, and 5700 acres of mesquite. In
the Agua Caliente area, active revegetation strategies are estimated to restore, in
addition to the existing habitat described above, an additional 300 acres of mesquite,
an additional 40 acres of critical cottonwood-willow, and an additional 100 acres of
marsh-wetland, through the combination of measures proposed.

(3) Removal of Saltcedar: Approximately 340 acres of initial and then periodic
saltcedar removal would be needed to allow the natural growth and maturing of native
riparian communities to a point that they could outcompete the saltcedar over the
long term.

(4) Alteration of Channel Form: This measure involves excavation of offstream
areas, and diversion of floodflows and possibly irrigation return flows through the
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areas which would retain the water behind constructed berms for more extended
periods of time to allow the groundwater table in the area to rise (the currently
estimated depth to groundwater is 35 feet). During the times when water would be in
these areas, an ephemeral open water condition would prevail, which would support
the cottonwood-willow and marsh-wetland vegetative communities.

(5) Allow the River to Seek its own Path: This strategy would be incorporated
into the above measures to the degree practicable to allow a more natural hydrologic
and geomorphologic state to prevail over the long term.

(6) Alter Painted Rock Dam Releases: Large releases during late March to
early April could be beneficial to providing an enhanced ability for propagation of
riparian communities.

U.S. Bureau of Land Management Lands

Proceeding downstream from the Dendora Valley and Agua Caliente areas, are
large parcels of land owned/managed by the U.S. Bureau of Land Management
(BLM) (Figure 17). Riparian habitat restoration in these areas would be in accord with
agency objectives and has received strong support from that agency. The agency
expects to be fully able under existing authority to set aside lands for any restoration
project which the Corps of Engineers would pursue. BLM lands help to form the
connected corridor of riparian habitat along the lower Gila River. Restoration
strategies developed for this area consist of the following:

(1) Preservation of Existing Native Riparian Vegetation: The area currently
supports approximately 1725 acres of mesquite-type habitat, about 100 acres of
cottonwood-willow (1993 flood-created), and about 50 acres of marsh-wetland habitat
(1993 flood-created). Preservation of these unique areas is critical to maintaining
riparian environmental values along the lower Gila River corridor.

(2) Revegetation with Native Riparian Species: The BLM lands historically
supported an estimated 1540 acres of mesquite, 600 acres of cottonwood-willow,
and 400 acres of wetland-marsh type habitats. In addition to preserving the existing
and flood-created communities as described above, restoration strategies are
estimated to result in an additional 300 acres of mesquite, an additional 40 acres of
critical cottonwood-willow, and an additional 75 acres of marsh-wetland.

It is noted that restoration strategies are not designed to exactly reproduce the
modern historic conditions (acreages), but instead are intended to shift total of the
riparian habitat functions and values toward a more natural state than which currently
exists, based upon an existing (non-historic) hydrologic regime.
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(3) Removal of Saltcedar: Approximately 340 acres of initial and then periodic
saltcedar removal would be needed to allow the natural growth and maturing of native
riparian communities to a point that they could outcompete the saltcedar over the
long term.

(4) Allowing the River to Seek its own Path: In the BLM area, maximum
advantage would be taken of this strategy. Riparian preservation and revegetation
efforts would take into account the full floodplain width and geomorphological terraces
upon which the riparian vegetation resides. No alteration to the channel form or other
constructive measures would be taken.

(5) Alteration of Painted Rock Dam Releases: This strategy would be
incorporated, in conjunction with the other strategies above, as appropriate within the
authorized flood control purpose.

Wellton Mohawk Irrigation & Drainage District Component

The Wellton-Mohawk Irrigation and Drainage District (WMIDD) is a State entity
comprising approximately 60,000 acres of Colorado-River-water-irrigated farmland
producing a gross of over $100 million per year as a result of an approximate total
$500 million investment by the federal government since its inception, primarily from
the U.S. Bureau of Reclamation.

In the interest of Environmental Restoration, the area is unique due to the
availability of a potentially substantial source of water from irrigation return flows and
from groundwater pumping which is required to keep the water table and associated
soil saline level low. The waste water is returned to the Gila/Colorado system. In
this area, flows in the Gila River are near-perennial due to these factors.

During the 1993 flood events, the WMIDD suffered extensive damages to their
protective levee system which had been under construction since 1986. Current
proposals for rehabilitation of the levees, under FEMA provisions, include mitigation
proposals on lands owned by the WMIDD. The restoration strategies developed for
the area are additional to and beyond currently proposed levee rehabilitation
mitigation proposals.

It is noted that at this time, for the purposes of this reconnaissance study, no
proposed WMIDD mitigation is included in the without project condition due to the
currently indeterminate nature of both the levee rehabilitation and associated
mitigation. In the event that any mitigation is performed or agreed to prior to the
conclusion of any Corps Environmental Restoration Feasibility Study, then that
specific mitigation would be incorporated into the without project conditions of any
such feasibility study.
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Restoration strategies developed for the WMIDD Valley are as follows:

(1) Preservation of Existing Native Riparian Vegetation: The WMIDD Valley
currently supports an estimated 2743 acres of mesquite, 2000 acres of critical
cottonwood-willow (majority 1993 flood-created), and nearly 1100 acres of marsh-
wetland habitat (majority 1993 flood-created). These resources are very significant in
light of the rarity of native riparian communities along the lower Gila River, and
measures to prevent their eventual degradation are considered a critical component
to any environmental restoration project.

(2) Revegetation with Native Riparian Species: Restoration strategies for the
WMIDD Valley are estimated to restore (in addition to the existing riparian habitat,
much of which was created by the 1993 flood events but which is not currently
sustainable over the long term) an additional 100 acres of mesquite, an additional
100 acres of critical cottonwood-willow, and an additional 400 acres of wetland-marsh
habitats.

The area historically supported an estimated 845 acres of cottonwood-willow,
12,000 acres of mesquite, and 400 acres of wetland-marsh riparian habitats. It is
noted that restoration strategies are not designed to exactly reproduce the modern
historic conditions (acreages), but instead are intended to shift the total of riparian
habitat functions and values toward a more natural state than which currently exists,
based upon an existing (non-historic) hydrologic regime.

(3) Removal of Saltcedar: Approximately 200 acres of initial and then periodic
saltcedar removal would be needed to allow the natural growth and maturing of native
riparian communities to a point that they could outcompete the saltcedar over the
long term.

(4) Periodic Flooding of Dedicated Agricultural Fields: Many fields were taken
out of production after being damaged by the floods of 1993, and are currently
experiencing the emergence of native riparian, especially cottonwood-willow,
vegetation. Irrigation supply canals already exist to these lands. Periodic flooding of
such areas could result in the continued survival of the riparian species, and
additional native riparian vegetation could also provided.

(5) Rehabilitating Dedicated Farmlands

The donation or provision by a local sponsor of recently abandoned farmlands
is also a component area for the restoration of Cottonwood/Willow habitat along the
Gila. These farmlands became abandoned after the 1993 flood when the farmers
determined that damages to their fields were such that they were not economically
repairable. This component would also allow for the planting of native grains.
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(6) Enhance Oxbows and Sloughs: This component takes advantage of the
impact of the 1993 flood on the WMIDD levees. This would call for the selective
removal of salt cedar, the lowering of the current river channel portion of the oxbow
to approach or be below the existing groundwater level, and the planting of
Cottonwood, Willow, and potentially Mesquite trees on appropriate terraces, which
are prime habitat for the Threatened & Endangered proposed Federally listed
Southwestern Fly catcher, and other species (Figure 18). These areas would be
protected from future floods by the WMIDD proposed levee rehabilitation project.

(7) Create Open Water Spaces through Excavation: This strategy would be
incorporated within the above strategies in appropriate areas to provide excavated
areas down to shallow groundwater suitable for marsh type conditions in low lying
areas to complement and enhance the environmental diversity of all riparian
restoration strategies.

7.4.3 Evaluation of the Selected Alternative

Federal Interest and Linkage to Existing Corps Project

"The Federal Interest in environmental quality is supported in law, Executive
Order, and treaty. A number of these general statements declare it National Policy
that full consideration be given to the opportunities which projects afford to ecological
resources. In addition, authorities for new individual studies and projects to restore
ecological resources, as well as regional restoration programs, have been provided in
legislation, which collectively demonstrate Federal interest. For the Corps Civil Works
Program, the Federal interest in the quality of environmental resources is broadly
supported by legislation....... Sections 306 and 307 of WRDA 90 support the Corps
pursuit of opportunities to protect and restore existing ecological resources and their
values in conjunction with planning for new projects and in the operation of existing
projects, within the limits expressed elsewhere in law and administration policy".
(Paraphrased from Draft EC 1105-2-206, pp. 5, 7 March 94).

The areas selected for environmental restoration are directly downstream and
are affected and impacted by the Corps owned and operated Painted Rock flood
control Dam. Therefore, environmental restoration along the lower Gila River
warrants the Federal Interest.

NED Benefits

Monetary benefits attributable to the recommended plan exist and should be
evaluated during the feasibility phase. For the purposes of this reconnaissance
study, consistent with prior guidance, the benefits are at least considered equal to the

costs.
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Habitat Analysis

An assessment was performed for riparian habitat in the lower Gila River
Corridor. The assessment evaluated the acreages and estimated habitat units for
appropriate riparian habitat components in the Southwestern Sonoran Desert area of
the United States based upon accepted methodologies and performed by personnel
with professional experience with Arizona riparian ecosystems analysis.

A complete description of the habitat analysis conducted for this study is
included in as Appendix G, Environmental Restoration. The analysis estimated
modern historic conditions, existing conditions, future without project conditions, and
future with project conditions assuming all of the restoration strategies described
above are implemented. Table 7, Environmental Restoration Evaluation, summarizes
the material contained in the technical appendix, and displays the difference between
the future without and future with project conditions, both in terms of acreage and

habitat units.

The selected alternative is estimated to result in an increase of approximately
7000 riparian acres and 5000 riparian habitat units based upon the strategies
selected and analysis methodology. No comparison can be made between habitat
units in the Southwest Sonoran Desert and elsewhere in the U.S. However, the
restoration strategies proposed would result in a 32% acreage increase of all riparian
vegetative community types, and an over 500% increase in the wetland-marsh
component. Due to the rare nature of riparian, and especially wetland-marsh, in the
southwestern United States, these increases are more valuable and significant than
habitat values elsewhere. See Table 7 for a complete summary breakdown of the
habitat analysis and evaluation.

Cost Estimate

A cost estimate was developed for the restoration strategies proposed for the
lower Gila River. The cost estimate was based upon extensive previous experience
by others in environmental restoration projects similar to those proposed. In
particular, the local sponsor, the Arizona Game and Fish Department, has experience
with these types of projects, and additionally, cost data was obtained from a variety of
other sources, including the Corps of Engineers Los Angeles District.

The costs presented reflect the cost of restoration measures based upon the
types of restoration in the identified component areas, the estimated costs of
operation and maintenance (monitoring and periodic saltcedar removal), and
valuation of the lands upon which the restoration would be performed (see Real
Estate Memorandum in Appendix G, Environmental Restoration, Cost Estimate

Addendum).
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The total cost of the proposed environmental restoration alternative includes an
initial period for maintenance, monitoring, and salt cedar control until the riparian
vegetation becomes self sustaining. Also included within the costs are estimated
total costs per acre for provision of a water source where required. The total project
cost is estimated to be $26,748,839. The average annual cost, based upon a 50
year project life and 7-3/4% interest rate is $2,123,900.

Cost Effectiveness Analysis

Cost Effectiveness is based upon the assumption that once environmental
values are established, they remain, continuing to provide the benefits (habitat units).
The benefits result from the habitat units which accrue after the initial establishment
period of approximately 5 years. The cost effectiveness is expressed in terms of
annual cost compared to the annual increase in habitat units.

Based upon an estimated annual average cost of $2,123,900 and an average
annual net habitat unit increase of 3569, the aggregate average annual cost per
annual habitat unit provided is approximately $595. Based upon total increased
riparian habitat units of approximately 5000, the average annual cost per riparian
habitat unit is $425. Based upon a net increase of 7000 riparian acres, the average
annual cost per riparian acre is $303. Evaluation of the additional outputs of the
combined components into the corridor approach to provide future germination and
dispersement potential should be evaluated during the feasibility phase. See Table 8
for a display of cost effectiveness, and Appendix G, Environmental Restoration, Cost
Estimate Addendum for additional information.
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TABLE 7

ENVIRONMENTAL RESTORATION EVALUATION

Cottonwood Willow (4) 1302 1172 190 179 57 54 280 263 223 210
Leguminous Short Tree (5) 5730 2808 1170 562 936 449 1970 946 1034 496
Wetland-Marsh (4) 292 292 243 231 73 69 543 516 470 447
Open Space (6) 15754 5987 5139 2055 4625 1850 4839 1936 214 86
Saltcedar 153 30 12156 3343 13207 2641 11266 2253 -1941 -388
Cottonwood Willow (4) 845 683 2080 1956 624 587 2180 2049 1556 1463
Leguminous Short Tree (5) 11959 5860 2743 1317 2194 1053 2843 1365 649 311
Wetland-Marsh (4) 400 400 1095 1040 329 312 1495 1420 1167 1108
Open Space (6) 16102 6118 7698 3079 6928 2771 7298 2919 370 148
Saltcedar 3687 700 21450 5899 24991 4998 21250 4250 -3741 -748
Cottonwood Willow (4) 599 539 99 93 30 28 139 131 109 103
Leguminous Short Tree (5) 1539 753 1727 829 1382 663 2027 973 645 310
Wetland-Marsh (4) 34 34 50 48 15 14 125 119 110 105
Open Space (6) 17035 6474 5387 2155 4848 1939 5312 2125 464 185
Saltcedar 68 17 12112 3331 13100 2620 11772 2354 -1328 -266
[Desirable Communities 71591 31120 27621 13544 22041 9790 29051 14761 7010 4971
Saltcedar (Undesirable) 3908 747 45718 12572 51298 10260 44288 8858 -7010 -1402
All Communities 75499 31867 73339 26116 73339 20050 73339 23618 NA 3569

NOTES:

1.

2.

Lower habitat value saltcedar areas are replaced with higher habitat value cottonwood-willow and leguminous short tree vegetative
communities through selective clearing and revegetation strategies.

Lower habitat value open spaces are replaced with higher value wetland-marsh vegetative communities through selective provision
of minimal supplies of water.

Existing Conditions are primarily a result of the 1993 floods, but include previous restorative measures by locals.

The long term survivability of these immature emergent vegetative communities, which were created by the floods, is questionable.
Therefore, existing conditions are unique and are expected to deteriorate over time. See notes 4 through 7.

For future without project conditions it is projected that 70% of 1993 flood-created cottonwood-willow and wetland marsh

habitat will die off and be replaced with saltcedar.

For future without project conditions it is projected that 20% of leguminous short tree habitat will be outcompeted by

proliferating saltcedar.

For future without project conditions it is projected that 10% of open space will be replaced with saltcedar.
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TABLE 8 Cost Effectiveness Analysis

TABLE 8. Cost Effectiveness for Habitat Restoration Along the Lower Gila River (Initial Implementation Costs).
Riparian Community Area Initial Net Gain Cost/ Area Initial Net Gain in Cost/ Total First Total Net | Total First
Preserved | Preservation | in Habitat Habitat | Restored | Restoration Habitat Habitat Cost Gain in | Cost/Habitat
(Acres) Cost Units Unit (Acres) Cost Units Unit Habitat Unit
Units
DENDORA VALLEY AND AGUA CALIENTE
Leguminous Short Tree 1,170 $1,287,000 66 $19,643 800 $7,680,000 224 $34,286 $8,967,000 290 $30,972
Cottonwood-Willow 190 $209,000 98 $2,124 90 $864,000 67 $12,973 | $1,073,000 165 $6,502
Wetland-Marsh 243 $267,300 128 $2,096 300 $2,880,000 225 $12,800 | $3,147,300 353 $8,929
Open Space . 4,839 NA® 43 NA NA NA NA NA NA 43 NA
Subtotal 6,442 $1,763,300 334 $5,276 1,190 $11,424,000 516 $22,157 | $13,187,300 850 $15,517
Contingencies $264,495' NA NA NA $2,970,240° NA NA $3,234,735 NA NA
Total $2,027,795 334 $6,067 $14,394,240 516 $27,917 | $16,422,035 850 $19,324
BLM LANDS
Leguminous Short Tree 1,727 $1,899,700 97 $19,666 300 $2,880,000 84 $34,286 | $4,779,700 181 $26,466
Cottonwood-Willow 99 $108,900 51 $2,133 40 $384,000 30 $12,973 $492,900 81 $6,111
Wetland-Marsh 50 $55,000 26 $2,095 75 $720,000 56 $12,800 $775,000 83 $9,394
Open Space 5,312 NA 93 NA NA NA NA NA NA 93 NA
Subtotal 7,188 $2,063,600 267 $7,737 415 $3,984,000 170 $23,456 | $6,047,600 437 $13,853
Contingencies $309,540' NA NA NA $1,035,840° NA NA $1,345,380 NA NA
Total $2,373,140 267 $8,888 $5,019,840 170 $29,528 | $7,392,980 437 $16,935
WELLTON-MOHAWK

Leguminous Short Tree 2,743 $877,760 154 $5,710 100 $100,000 28 $3,571 $977,760 182 $5,381
Cottonwood-Willow 2,080 $665,600 1077 $618 100 $100,000 74 $1,351 $765,600 1151 $665
Wetland-Marsh 1,095 $350,400 575 $610 400 $400,000 300 $1,333 $750,400 875 $858
Open Space 7,298 NA 74 NA NA NA NA NA NA 74 NA
Subtotal 13,216 $1,893,760 1880 $1,008 600 $600,000 402 $1,493 $2,493,760 2282 $1,093
Contingencies $284,064' NA NA NA $156,000” NA NA $440,064 NA NA
Total $2,177,824 1880 $1,159 $756,000 402 $1,881 $2,933,824 2282 $1,286
Project Total 26,846 $6,578,759 2481 $2,652 2,205 |$20,170,080 1088 $18,545 | $26,748,839 3568 $7,497

' Assumed 20% of total cost.
2 Assumed 31% = 20% contingencies, 5% engineering and design and 6% supervision and administration.
* Not Applicable. Note: Preservation of some open space is expected to occur as an indirect result of project-related activities. There is no direct cost associated with this item.
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Overall Evaluation

The selected alternative would restore riparian habitat, including significant
marsh-wetlands, a very limited and highly valuable component of the Sonoran desert
ecosystem. The restored areas provide a habitat corridor capable of supporting
migratory waterfowl and a variety of wildlife species. Numerous intangible benefits
include 1) contribution to habitat and biodiversity in the desert southwest, 2) providing
habitat for the Yuma Clapper Rail, an endangered species, and the Southwestern
Willow Flycatcher, a proposed listed species, 3) re-establishing resting sites and
wintering areas for migratory waterfowl and habitat for other wildlife. Tangible
benefits are derived from increases in waterfowl and other wildlife populations (i.e.,
the condition and quality of habitat influences subsequent reproductive and
survivability success) as wildlife oriented recreation, consumptive and non-
consumptive use, is expected to increase; the result of which is positive economic
effect on the waterfowl sporting goods industries, tourist trade, and increased revenue
to Arizona Game and Fish Department. Intangible benefits result from the increases
in the functions and values and other environmental outputs the restored habitat
provides, and are evaluated from a cost effectiveness standpoint.

The 1993 flood events in Arizona have created a unique opportunity to
maintain riparian communities created by the flood events, and to provide additional
riparian habitat along an approximate 164 mile long corridor below the Corps of
Engineers Painted Rock Dam.

The costs of preserving the existing riparian habitat and restoring riparian
habitat in conjunction with any restoration project is expected to increase over time as
these vegetative communities experience gradual die-off and increased susceptibility
to the trend of exotic low habitat value saltcedar domination of the corridor.
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7.5 Water Quality
7.5.1 Water Quality Objectives

For the purpose of this report, water quality objectives are limited to those
problems and opportunities directly caused by or related to existing Corps projects
and the potential water quality impacts of any alternatives considered in this study.
The planning objective for water quality is to improve the quality of stored water
behind Painted Rock Dam for purposes related to safety, savings in operation and
maintenance costs, and the ability to release the last stored water without impacting
flood control or water conservation alternatives.

7.5.2 Actions to Date

The Corps currently participates in water quality monitoring. Annual operation
and maintenance funds are provided to the Arizona Department of Environmental
Quality to perform water quality monitoring at the Painted Rock Dam Borrow Pit Lake.
An annual water quality report is put out each year by the Reservoir Regulation
Section of the U.S. Army Corps of Engineers, Los Angeles District.

The Arizona Department of Environmental Quality’s (ADEQ) 1992 water
assessment concluded that toxaphene, DDT, and methylmercury contaminants in fish
tissue from Painted Rock Borrow Pit Lake exist at toxic levels harmful to human
health if long-term consumption occurred. As a result, a fish advisory was issued for
the Gila River, from the Salt River to Painted Rock Dam. A public health risk
assessment was completed in 1991 by the Arizona Department of Health Services
determined that human health risk associated with exposure to lake water or
sediment was deemed insignificant. In 1992, additional warning signs against the
consumption of fish were posted along the Middle Gila River, Painted Rock Lake and
the Borrow Pit Lake Ongoing investigations will continue through the use of the
ADEQ Water Quality Assurance Revolving Fund.

The hydrogen sulphide problem at Painted Rock Dam has been addressed by
providing forced ventilation to the control tower by the installation of a large electric
fan in 1974. This fan blows through the gate shaft to one of the vent systems.
Recently, all of the elevator electrical equipment has been sealed from the gas to
prevent damages and electrical failure. Based on the results of maintenance
inspections, there has been no apparent damage to the concrete in the dam.
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7.5.3 Alternatives and Evaluation

No Action Plan

It is expected that continued monitoring efforts will be conducted by the
combined efforts of local, state and federal agencies. This monitoring is necessary
for resource management, environmental and public health purposes, and to assess
trends in contaminant concentrations in the environment.

A 1994 report by the ADEQ presented the results of a study that evaluated the
potential of restoring the Painted Rock Dam Borrow Pit Lake for traditional
recreational values and other related alternatives. This study concluded that
restoration of the lake was not feasible at this time. The costs of these alternatives
and the uncertainty about their success were the primary factors in this conclusion.
The identification and examination of specific pollutant sources upstream were cost
prohibitive due to the size of the upstream watershed.
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CHAPTER 8
PRELIMINARY FINANCIAL ANALYSIS

8. PRELIMINARY FINANCIAL ANALYSIS

Further project planning, engineering, design, and construction would be
conducted in accordance with the cost-sharing principles provided by the Water
Resources Development Act of 1986, as amended. The next phase would consist of
a cost-shared feasibility study, if recommended and supported by a non-Federal
sponsor. The scope, schedule and cost of the feasibility study, is determined based
on a Study Management Plan (SMP) negotiated with the sponsor. The feasibility
study is required to be cost-shared 50/50 between the Federal government and the
sponsor. At least one-half of the sponsor’s share of the feasibility study must be
provided in cash and up to one-half of the of the sponsor’s share may be provided by
in-kind services as part of the study.

For flood control, potential non-Federal sponsors include the Wellton-Mohawk
Irrigation and Drainage District, Yuma County and the Flood Control District of
Maricopa County. No SMP has been prepared for flood control since the results of
this study did not identify an economically justified flood control alternative.

Potential cost sharing sponsors for water conservation are being coordinated in
conjunction with the primary custodian of lower Colorado River waters, the Bureau of
Reclamation. The current water policy of the Colorado River makes it difficult to
determine whether participation with a specific non-federal sponsor is appropriate.
Corps of Engineers guidance and regulations with respect to the non-federal cost
sharing for water allocation and conservation projects are not readily implementable
with the current body of law and developing water rights for the mainstem lower
Colorado River system. The potential non-Federal interest in additional lower
Colorado River water is evidenced by the tremendous water supply demands placed
on the river. The lower Colorado River provides water to five major southwest cities
including Las Vegas, Los Angeles, San Diego, Phoenix, and Tucson; 10 smaller cities
along the river; five Indian Reservations; three large wildlife areas; and 11 irrigation
districts. A "draft" SMP has been prepared for a water conservation follow-on study.
Due to the strong Federal interest that has been identified for water conservation,
efforts will continue to identify a non-Federal sponsor under traditional General
Investigations programs. If special institutional circumstances that exist in the lower
Colorado River system preclude identification of a non-Federal sponsor, a one
hundred percent federally funded special study could be initiated for water
conservation at Painted Rock Dam. The authority for the special study would be
based on direct language to be included in the Legislative Initiatives Program.
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The identified non-Federal sponsor for an environmental restoration feasibility
study is the Arizona Game & Fish Department. They have provided a letter of
support for a feasibility study and an interest in cost sharing (attached). A "draft"
SMP and Feasibility Cost Sharing Agreement has been prepared for an
Environmental Restoration feasibility study and is currently being developed and
revised in coordination with the identified non-Federal sponsor.
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October 31, 1994

Mr. Joe Dixon

US Army Corps of Engineers

3636 North Central Avenue Suite 740
Phoenix, Arizona 85012-1936

Re: Gila River Reconnaissance Study
Dear Mr. Dixon:

I am writing in reference to our conversations and participation in
the Gila River Reconnaissance Study, and future participation in a
potential feasibility study. The Corps has done an excellent job
in preparing the Reconnaissance Study, and we are particularly
impressed with the attention that the Corps has given to riparian
restoration. The Department has been pleased to participate and
contribute in-kind efforts to that undertaking.

You inquired about the Department’s willingness to be a potential
cost-share partner in a potential Gila River Feasibility Study.
The Department is very interested in participating in riparian
restoration aspects of any future studies. As you are aware, our
mission is solely directed to wildlife resources and wildlife
associated recreation. Because of the significant value of
riparian wildlife habitats in the southwest, we could justify
participation in restoration portions of any project. We would,
however, not be able to justify financial participation in aspects
of the project that relate to activities outside of our mission.

The total cost of the feasibility project we discussed is perhaps
small on a federal scale, but by our standards it is quite large.
We are uncertain that we could bear the cost-share burden entirely,
however we are anxious to explore financing opportunities with you.
There may be opportunities to seek financing from the Game and Fish
Department’s Heritage funds, but we would certainly hope to find
other partners in addition to the Department to bear the expense.
Please be aware that Heritage monies that might be made available
for feasibility studies, not unlike Corps funds, are subject to
prioritization by the Arizona Game and Fish Commission. We would
need to jointly submit a proposal for Heritage monies. Certainly,
the Department would be most interested and willing to offer in-
kind service assistance and participation in any future feasibility
studies.

An Equal Opportunity Agency




. Mr. Joe Dixon
October 31, 1994
2

I would very much like to keep our dialog open on this subject, and
I look forward to continuing to work with your office on continuing
Reconnaissance and potential Feasibility projects.

/

Sincerely, /-

;;;F‘E§Y>7——‘

Bruce D. Taubert
Assistant Director

BDT:1lr

cc: Sam Spiller, US Fish and Wildlife Service, Phoenix, Arizona



United States Department of the Interior

BUREAU OF RECLAMATION
Yuma Area Office
P.O. Box D
Yuma, Arizona 85366

IN REPLY REFER TO:

YAO-2540 _
PRJ-13.00 JAN -9 1985

U.S. Army Corps of Engineers

One Columbus Plaza

Attention: Joe Dixon

3636 North Central Avenue,
Suite 740

Phoenix AZ 85012-1936

Subject: Reconnaissance Study - Gila River, Gillespie Dam to Yuma, Arizona
Dated: October 1994

Gentlemen:

We have reviewed the United States Army Corp of Engineers reconnaissance study
on the Gila River from Gillesp